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he UnitedStatesDepartmentof Energy or engineer.Thisbook'scontentsinclude
(DOE)andtheNationalAeronauticsand descriptionsofthe variousscientificandengi-
SpaceAdministration(NASA)areboth neeringfieldsandassociatedrequirements,bio-

committedto achievingthe NationalEducation graphicalexamplesof successfulscientistsand
Goalfor U.S.studentsto befirst in the worldin engineers,andguidancein collegecurriculum
scienceand mathematicsachievement.In andcareerselectionandin properstudy regi-
recentyears,numerouspublicationsand reports men..,all helpingto definea clearpathfor
indicatethatour nationisfallingbehindothersin obtainingacareerinscience,engineering,or
scienceandtechnologyandwill beat an increas- technology.Thebookwaswrittenbypracticing
ingdisadvantagein the internationaleconomic scientistsandengineerswhogivetheir own
competitionin high-technologygoodsandser- first-handexperiencesandarededicatedto help-
vices. Thisis especiallytrueaswereview ingandinspiringstudentsto pursuetheexcite-
the statisticsrelatedto thetrainingof newscien- mentandchallengeof scientificcareers.
tists andengineers,particularlyminoritiesand DOE,NASA,and NTAoffer manynational,
women, regional,and localeducationprogramsfor

TheNationalTechnicalAssociation(NTA),a teachersandstudents.Thisbookliststhecon-
nonprofitorganizationof professionalscientists tactsfor pursuingtheseeducationopportunities.
andengineersfoundedin 1926,DOEandNASA
haveproducedCareersin Scienceand
Technology.Thepurposeofthis bookis to serve
asa referencefor today'syouthas theymake
decisionson theircareergoalsandcollegeedu-
cations. Somestudentsseemto lackthe cr,nfi-
dencethattheycanactuallybecomea scie'_tist

_:...... ! Healthscientistsconduct
researchtoimproveanddis-

_" 'i -_ covernewmedicaltreatments.t



heobjectiveof this bookis to expose ogy.Careerawarenessprograms(CAPs)are
juniorandseniorhighschoolstudentsto importantaspectsof the activitiesof NTAandits
thescienceandtechnologyfields.It also localchapters.Thisbook,describingscienceand

wilt conveythe importanceof gettinga general technologycareeropportunitiesandeducational
educationin scienceandmathematicswhilestill requirements,will aidandcomplementthe CAP
in highschoolandof continuingsuchstudiesin activities.
college.This is intendedto encouragestudents, Therearemanycareerbrochurespublished
particularlyunderrepresentedminoritiesand by thevariousspecialistscientificandtechnical
women,to considerandpreparefor careersin societies.However,nogeneralcareerbook
scienceandtechnology.Thisbookattemptsto existsthat describesawiderangeof scienceand
pointout theincreasingimportanceof such technologyfields,withaccompanyingcareer
knowledgeindailylife regardlessof occupational optionsandacademicrequirements.SinceNTA
choice, coversawiderangeof scientificandtechnical

Thisbookis intendedto beusedbyjuniorand specialties,andis particularlycommittedto
seniorhighschoolstudents,asa classroomref- exposingstudentsto theseareas,NTAwasthe
erenceby teachers,and byscientistsandengi- appropriateorganizationto carryout this task.
neersparticipatingin outreachactivities. In writingthis book,sourcematerials(listed

Thepresentisa timeof veryrapidchange, in theAppendix)publishedby theNational
bothin the occupationalarenaandin dailylife. AeronauticsandSpaceAdministration(NASA),
Perhapsthetechnologyareawith themost theAmericanAssociationfor theAdvancement
widespreadimpactis computers.Predictions of Science(AAAS),the NationalScience
of today,made25 to 50yearsago,demonstrate Foundation(NSF),andotherorganizationswere
thatthis isthe majorareaof developmentthat used.Contributionsof photographsandother
wasnotforeseen, materialsweremadeby theNASAHeadquarters

As recentlyas theadventof the spaceagein EducationDivision,Officeof EqualOpportunity
1957,the UnitedStateswasthe undisputed Programs,andOfficeof PublicAffairs;Goddard
world leaderin scienceandtechnology. SpaceFlightCenter,LewisResearchCenter,
Competitionwith the SovietUnionwasa major LangleyResearchCenter,MarshallSpaceFlight
driverof scienceandtechnologyin the United Center,the AmesResearchCenter,andthe Naval
Statesfrom the late1950sthroughthe 1980s. ResearchLaboratory;alsoby HowardUniversity,
Today,theSovietUnionno longerexists,andwe BlackCollegiateServices,Inc. (publishersof the
faceincreasingcompetitionfromJapanand Journalof theNationalTechnicalAssociationand
othernationsin the PacificRimandWestern TheBlackCollegian),JacksonandTullChartered
Europe. Engineers,andseveralothers.

At the sametime,asmallerpercentageof stu- Listedin theAppendixareotherpublications
dentsin the UnitedStatesarechoosingcareers contai,_ingbiographiesandothermaterialssup-
inscienceandtechnology,andthequalityof sci- plementaryto thosepresentedhere,aswellas
enceandmathematicseducationinpublic videotapesusefulandrelevantto teachersandin
schoolshasdeclined.Anadditionalconcernis communityoutreachactivities.
that minoritiesandwomenarenotwell repre-
sentedin the scientificandengineeringprofes-
sions.Thisdisparityis obviousat thecollege
undergraduatelevelandevenmoresoatthe
doctoratelevel.A majorfactoristhat these
groupshavelessexposureandencouragement
in elementaryandhighschools.

Oneof the mainobjectivesof the National
TechnicalAssociation(NTA)isto encouragestu-
dentsto considercareersin scienceandtechnol-



Careersin ScienceandTechnology Dr.MeredithGourdine...............................................64
Dr.FrankGreene.......................................................65

Forward...........................................................iii DavidHedgley,Jr......................................................65
Dr.ShirleyA. Jackson...............................................66

Preface............................................................iv JerryT. Jones............................................................67
EmmaLittleton..........................................................67

ChapterI. Introductionto Scienceand ..........1 Dr.WalterMassey.....................................................68
Technology Dr.WarrenMiller.......................................................68

CordellReed..............................................................69

ChapterII. WhatDoScientistsand ................5 Dr.Johng. Slaughter................................................69
EngineersDo? HowardSmith...........................................................70

Mathematics................................................................8 Dr.ArthurB.C.Walker,Jr.........................................71

Biology......................................................................11 Dr.WilliamWiley.......................................................71
Chemistry..................................................................15

Physics......................................................................20 Chapter IV. Planningfor Careersin .............73
EarthScience............................................................25 Scienceand Technology
Meteorology..............................................................29

Astronomy.................................................................32 ChapterV.EducationalRequirements.........77
HealthPhysics...........................................................35 for Careersin Scienceand Technology
ComputerScience.....................................................37 ScienceandYourCareer...........................................80
ElectricalandElectronicEngineering.........................41 MathematicsandYourCareer...................................80

MechanicalEngineering............................................46 EmphasisonTechnicalSkills....................................80
CivilEngineering........................................................50 OtherImportantCourses...........................................80
AerospaceEngineering..............................................52 LookingAheadto College..........................................81
ChemicalEngineering................................................53 SelectingaCollege.............................................81
IndustrialEngineering...............................................54 Factorsto ConsiderWhenSelectingaCollege...82
MetallurgicalEngineering..........................................54 Cost?..................................................................82

CeramicEngineering.................................................55 BasicCollegeCourses........................................82
NuclearEngineering..................................................55 Curriculum..........................................................82

Architecture...............................................................56 Stepsto ScholasticSuccess......................................84
StudyHabitsfor the Student......................... 87

Chapteri11.Examplesof CareerProfiles .....59

of ProminentMinorityScientistsand Appendix........................................................91
Engineers BibliographyandResourceListing............................91

Dr.ThomasAlcoze....................................................61 NASACentersandEducationalPrograms.................92

Dr.JavierJ. Bautista.................................................62 Departmentof EnergyLaboratoryandFacility
Col.GuionS. Bluford,Jr............................................62 BasedScienceEducationPrograms.......................96
Dr.JewelPlummerCobb...........................................63 NationalTechnicalAssociation..................................98
Dr.FrankCrossley.....................................................64









heobjectiveof this bookis to exposeyou materialsto find betteronesto beusedinhard-
to thefieldsof scienceandtechnology, warethat theydesign.It is alsodifficultto draw
both asareasinwhichyoushouldhave a sharpline betweenthejobs of an engineerand

someknowledge(regardlessof your occupation- a technician.Thenewlyemergingareaof com-
algoals),andto encourageyouto consider puterscienceisactuallya combinationof mathe-
theseareasascareeropportunities, matics,electricalengineering,andother

Thefieldsof scienceandtechnologyarenot specialties.In this bookthetermsscienceand
sharplydefined;theyencompassa verywide, technologyor technicalfieldareusedto mean
overlappingrangeof fieldsincludingmathemat- anyor all of thefieldsor occupationalareas
ics, science,engineering,andothertechnical describedabove.
disciplines.Mathematicsis both atool usedin Thebenefitsof scienceandtechnologyto
the remainingareasanda fieldof researchin its humanityaremanyandobvious.Wefly from
own right (likescience).Scienceis definedas coastto coastin five hours;it usedto takea
thesearchfor newknowledge;for example, weekby train. Manyimprovementsin medical
basicresearchinto thelawsof nature.Engineer- carehaveresultedfrom basicresearchandtech-
ing is applyingexistingscientificknowledgeto nologicaladvancesin biomedicalandbiochemi-
solvepracticalproblemssuchasdesigninga calfields.Computerizedword processinghas
newaircraftor a nuclearreactor.Technologyis greatlyincreasedthe efficiencyof preparing
definedasthe processof producinggoodsand typewrittendocuments.Andwhatwouldit be
services;for example,usinga computerto ana- liketodaywithoutcopyingmachines?Automatic
lyzethecompanybudget, tellersallowusto withdrawmoney24 hoursa

A nuclearphysicslaboratoryprovidesa day,sevendaysaweek- notjust during
demonstrationof howscientists,engineers,and "bankers'hours."Microwaveovenscookour
technicianswouldbeinvolvedina project.The food ina fractionof thetimeof conventional
scientistsdecidethatto studythe structureof an ovens.Video-cassetterecordersallowus to tape
atomicnucleus,theyneedanacceleratorthat televisionprograms,andto seefirst-run movies
producesa high-energybeamof protons(ele- at home.Compactvideocamerashavemade
mentaryparticlesthat arepartof the nucleusof homefilm moviecamerasandprojectorsold-
anatom)whichtheywill useto bombardsam- fashioned.Telefaxmachines,electronicmail,and
piesof variousmaterials.Basedontheir knowl- cellulartelephoneshavegreatlyexpeditedcorn-
edgeof physics,theydeterminewhatenergythe munications.
protonsmusthave,andhowmanyparticlesper In basicscience,therehasbeena virtual
secondareneeded(beamintensity).Theymay explosionof newknowledgein the lastfew
alsodevelopaconceptof whatthe accelerator decades,andin somefields,surpassingthetotal
wouldlooklike.Engineersfurtherdevelopthese of all the previouslygainedknowledgesincethe
concepts,basedon their knowledgeof basic dawnof humanity.Forexample,spacecraftsent
physicsandits applicationsto electricaland to the outerplanetshavereturneddetailed
mechanicalengineering,andcreatea detailed imagesandothermeasurementsof the planets
designof theaccelerator.Thisdesignis givento andtheirsatellites,whicharenot onlyinvisible
technicianswhoconstructandtestthe accelera- from Earthto theunaidedeye,but werenoteven
tor.Aftertheacceleratoris in full operation, discoveredwith largeground-basedtelescopes
othertechniciansoperateit for the scientists, untilthe 19thor early20thcentury.

Ofcourse,thereis a gooddealof overlap
amongscience,engineering,andtechnology.For
example,scientistsoftendesignnewinstru-
mentsto usein their research.Engineerssome-
timesdo researchintothe propertiesof



Peoplewhopursuecareersinscienceand Becauseof our increasingdependenceon
technologyderivemuchexcitementandsatisfac- technology,evenpeoplewhodo not choose
tion from contributingto the practicalbenefitsof careersin technicalfieldsmusthavesome
scienceandtechnology,andalsoto theacquisi- knowledgeof thesebasicfour.Forexample,
tion of newknowledgethat is thefoundationof computersarenowusedin the business,legal,
futuretechnologicalinnovation.Everyonewhois andfinancialfields,notjust in technicalones.
interestedincafeersin thesefieldsshouldhave Secretariesusewordprocessors,andmusicians
the opportunityandthe encouragementto pur- usecomputer-basedsynthesizers.A taxicabdriv-
suethat interest, ershouldhaveaknowledgeof thebasicprinci-

Mostareasof scienceandtechnologyrequire piesbywhich hisor hervehicleoperatesto
a basic,broadknowledgeof scienceandmathe- optimizehis/herfueleconomyandminimize
matics.Asmentioned,mathematicsisa funda- repairbills. Eventhe homeownerhasanincreas-
mentaltoolof nearlyallscientificandtechnical ing needfor sometechnicalknowledgeto main-
fields.A knowledgeof mathematicsandthe tain thehomeandoperatethe newerhousehold
threebasicsciencesm biology,chemistry,and appliances.
physicsu is essentialregardlessof thefield of Lookingto thefuture,it is clearthatwewill
specializationyouchoose, becomemoreandmoredependenton technolo-

Unlikemanyothercareerareas,scienceand gyandthatwe will needto maintainthe basic
technologyrequirea propereducationbeginning scientificresearchthat is its foundation.Tomeet
in highschool(or evenin elementaryschool).If this demand,we musthavewell-trainedscien-
youwaituntilyouentercollegeto decideto tistsandengineers.Thefollowingchaptersof
studyscienceor engineeringandhavenot this bookdescribein moredetailwhatscientists
takenthe prerequisitescienceandmathematics andengineersdo,the educationalrequirements
coursesinhighschool,it will bemoredifficult for technicalcareers,andpost-collegeoccupa-
andtakelongerto completeyourdegreerequire- tionalopportunities.
ments.Therefore,it is importantto beawareof
the basicrequirementsinscienceandmathe-
maticsandto takethe necessarycoursework at
yourearliestopportunity.







VhatDo
,cmntistsand
"ngineers.Do?

t,

)erhapsthe bestwayto understandthe Forseveralof thefieldsdescribed,more
technicalfieldsof studyandthetechnical detailedexamplesof specifictypesof work are
occupationsis to havea brief overviewof included.Theseareintendedto giveafeelfor

thesefieldsandthe typesof workavailablein whatpeoplein thesefieldsactuallydo. Thisbook
them. Inparticular,it is helpfulto havedetailed attemptsto providedescriptionsof all the major
examplesof thework donebypeoplein specific scientificandengineeringfields.Career
fields.Accuratedescriptionsandpersuasivedis- Opportunitiesin theSciences(seeAppendix),is
cussionsof particularoccupationscanbestbe a listingof careerbrochuresandotherinforma-
givenbypeoplewho haveacademictrainingfor, tion on specificoccupationalfields.
andwho haveworkedin, thoseparticularoccu-
pations.Youshouldrealize,however,that it is
increasinglytruethatthe bordersbetweenvari-
ousfields(e.g.,betweenphysicsandchemistry,
or betweenelectricalengineeringandmechani-
calengineering)arenot sharplydefined.Infact,
manyprofessionalscientistsandengineerswork
to someextentinmorethan oneof thespecial-
ties. Manynewtechnicalfields,suchascomput-
erscienceandenvironmentalscience,are
combinationsof two or moreof thetraditional
ones.

StevenWalkerpreparesa ...... "_--_
microgravityAIgalBioassay
experimentforflight in the
GetawaySpecialProgram.



Mathematics Geometryinvolvesquantitiesassociatedwithfiguresin
space,suchastriangle,,,rectangles,cubes,circles,and

by ValerieL. Thomas spheres.Thesequanti_msincludelength,area,volume,and
the relationshipsbetweenfiguresin space,suchasthe area

Mathematicsis thestudyof quantitiesandrelations of asphereof radiusRis 4=R2 anditsvolumeis 4/3 =R3.
throughthe useof numbersandsymbols.Themainfields Trigonometryis concernedwith the measurementof angles

of studyat thehighschoolandcollegelevelsarearithmetic, andth_ relationshipsof angles;for example,if weknowthe
algebra,geometry,trigonometry,pre-calculus,andcalculus.

lengthsof two sidesof a righttrianglewecanfind the
Eachfield buildsuponthe or _,precedingit. Othersubject remainingsideandthe includedangles.Pre-calculus
areasincludestatistics,differentialequations,andsettheory, appliesalgebraandtrigonometryto geometricstudies.
or abstractalgebra.Mathematicsisan importantfield in

Calculusworkswith pairsof associatedquantitiesandthe
itself,but is alsoa veryimportanttool in virtuallyallother

wayonequantitychangesin relationto the other.It con-
scientificandtechnicaloccupations, sistsof two mainsubfields,differentialcalculusandintegra

Arithmeticdealswithquantitiesandrelationshipsexpressed calculus.Ferexample,in differentialcalculus,the rateof
bynumbers,suchas 2+ 3 = 5. Algebradealswith quantities changeof positionwith time(ordifferentialof positionwith
andrelationshipsexpressedbysymbols,suchasz= x +3y. respectto time) is velocity,andthe rateof changeof veloci-



y, or differentialof velocity,with timeis acceleration. Bachelorof Sciencedegreein

ntegralcalculusreversesthe process;the integralof accel- mostengineeringandscience
;rationwith time isthe changeof velocity,andthe integral fieldsrequiremathematicsat

_fvelocitywith time isthe changeof position.Probability leastthroughcalculusanddif-
_ndstatisticsis thestudyof the likelihoodof eventsandis ferentialequations-- notonly
fften basedon largebodiesof numbers.It is usedfor for graduation,butas prereq-

hingssuchas scientificpredictionsandcomputinginsur- uisitesfor the moreadvanced
-.ncecompanyrates.Forexample,if you havea bagcon- undergraduatecoursesin the
aining10 redmarblesand90 yellowmarbles,youcan specialty.Forexample,
:omputethe probabilityof reachingintothe bagblindfolded college-levelintroductory ._
,nd pickingout a redmarble.Afield of mathematicsknown physicscoursesfor scientists _:i.:
:s Booleanalgebrais thebasisof digitalcomputerlogic, andengineers(usuallytaken
-;om,enewlyemergingfieldsof mathematicsincludethe inthe freshmanandsophomoreyears)requirea knowledge JamesL.Harrisisa
_tudiesof fractalsandchaos, of calculus, mathematicianatNASA

Headquarters.
',s mentioned,mathematicsis anessentialtool in all fields Inthe followingsection,mathematicswill bedealtwith as
_fscienceandengineering.Collegecurriculaleadingto the anoccupationalspecialtyratherthanas atool usedin other

scientificandtechnicalfields.

Typesof Work

Accordingto the UnitedStatesDepartmentof Labor,
approximately22,000peopleworkedasmathematicians
and15,000as statisticiansin 1990.About73percentof the
mathematiciansworkedfor the governmentor industry.

Themajorprivateindustryemployerswereaerospace,
communications,machinery,andelectricalequipment

industries.In thefederalgovernment,the majoremployers
of mathematicianswerethe Departmentof Defenseand
NASA.Thestatisticiansworkedin manufacturing(15%);
fJderalgovernment(27%);researchandtestingservices
(38%);andfinancial,insurance,andrealestate(20%);

Mathematiciansareinvolvedinavarietyof activitiesthat
rangefromthe creationof newmathematicaltheoriesto the
translationof scientificandmanagementproblemsinto
mathematicalterms.Mathematicalworkfalls intotwo broad

classes:theoretical(pure)mathematicsandappliedmathe-
matics.Theoreticalmathematiciansadvancethe scienceby
developingnewprinciplesandnewrelationshipsbetween
existingmathematicalprinciples.Eventhoughthis typeof
work is donewithoutspecificapplicationsin mind,it has
beenveryinstrumentalin producingscientificandengineer-
ingachievements.

Appliedmathematiciansusemathematicsto developtheo-
ries,techniques,andapproachesto solvepracticalprob-
lems.Theirwork rangesfromanalysisof the mathematical
aspectsof launchingEarthsatellitesto studiesof theeffects
of newdrugsondisease.



Anentry-levelstatistician,right out of college,will generally EducationalRequirements
workasajunior memberof astatisticalteamandwill spend

Theminimumrequirementfor anentry-levelmathematicianmostof the timedoingfairly repetitivetaskssuchasorga-
inbusiness,industry,or researchis aB.S.degreewith

nizingandcategorizingdata.Withrnoreexperienceand
coursework incalculus,differentialequations,probabilityadditionaltraining,astatisticianmaybecomea leaderof a
andstatistics,andmathematicalanalysis.Additionalcoursestatisticalteamandwork morecloselywithcompanyman-
work in computerscience(dependingonthefield in whichagersandgovernmentofficialswho haveposedthe prob-

lemsor raisedthe questionsto bestudiedbythe team.At you preferto work)will beuseful.Employersarebeginning
to preferto hiremathematicianswithexperienceandthis level,the statisticianwill be involvedin designing
advanceddegrees,whichareusuallyrequiredfor apromo-

experimentsandtests,analyzingandinterpretingdata,and
tion. Forthoseinterestedin acareerasa mathematicianin

makingpredictionsandforecasts.Statisticiansworkingin
acollegeor university,graduatework is required,andthe

collegesanduniversitiesareusuallyinvolvedinteachingor
Ph.D.degreeis almostessential.

research.Statisticianswith Ph.D.degreesoftenworkas
consultantsto businessesandindustry,or government In additionto collegecoursework,you shouldconsider
agencies.Manygoon to formtheir ownconsultingfirms, work/studyprogramsofferedby business,industry,and

Thestatisticianuseslargecollectionsof numbersto devel- government.Thesewill providevaluableexperienceand
opaccuratedescriptionsofthe characteristicsof our world insight,helpingyouunderstandthe applicationof mathe-

maticsin theworkplaceandgivingyouanappreciationforandits inhabitants,whetherhuman,animal,plant,or miner-
thetypesof coursesthatyoushouldtake.al.Statisticshelpsall typesof scientistsandpeopleatvari-

ouslevelsof businessandindustryorganizethe factsthat Highschoolstudentscanpreparefor a careerasa mathe-
pertainto their workanddetectthe principlesandtrends maticianbytakingall of themathematics,science,and
behindthefacts. Familiarexamplesincludeweatherfore- computercoursesofferedintheir curriculum.
castingandsettinginsurancepremiumrates.

Foranentry-levelstatistician,the minimumeducational
Statisticiansin industrymaybeinvolvedinthe evaluationof requirementis a B.S.degreeinstatisticsor mathematics.

productsandmanufacturingprocesses.Bytakingsamples, Employersfrequentlyprefera B.S.degreeinamajorfield
statisticianscanmeasurethe reliabilityof a productor the suchasa naturalscience,socialscience,engineering,or
efficiencyof a particularprocess.Theworkof statisticians economicswith aminor instatistics.A statisticianwithan

employedby thefederal,state,andlocalgovernments M.S.degreewill advancemorequicklyintothe financially
tendsto focus moreon dataaboutpeopleandpeople- rewardingmanagerialpositions.Forteachingandresearch
orientedissues(for example,EnvironmentalProtection position_at the collegeor universitylevel,a Ph.D.degreei,,
Agencyregulationdevelopment)thanonproductsor manu- required.

facturingprocesses. Requiredcoursesfor acareerinstatisticsincludemathe-

Statisticianswhodesignexperiments(to berun ina labora- matics(upto andincludingdifferentialandintegralcalcu-
tory or onacomputer)oftendevelopmathematicalmodels lus),statisticalmethods,andthetheoryof probability.
andpreparewrittenreportsof the findingsof studies. Coursesincomputersciencearestronglyrecommended.
Mathematicalstatisticiansusetheirknowledgeof mathe- Anidealcourseof studymightbeamajorareaof concen-
maticaltheoryto designandimprovestatisticalmethods tration instatisticswith aminorin computerscience.
andtechniques.



Biologv namingof livingthings: anatonTy,thestudyof thestructureof
livingthings;physiology,the studyof thenormalfunctionsof

byJohnH.ThompsonandDr KathleenJ.Prestwidge livingthings;pathology,thestudyof diseasesin livingthings;
andgenetics,thestudyof heredity.

Biologyis thescienceof livingthings. It is concernedwith
their function,structure,origin,andevolutionovertime. Its Biologyhasmajorpracticalapplicationsandis thebasisfor a
two majordivisionsarebotany,the studyof plants,and numberof otherscientificandtechnicalspecialties.Foremostof

zoology,thestudyof animals.However,theverysimplest theseis medicine,whichis of greatimportanceto ourwell being.
livingorganismsconsistof singlecells,andit often is diffi- Thefieldof medicineis extremelylargeandincludesmanyrelat-
cult to distinguishbetweenplantsandanimalsat this level, edoccupationssuchas dentistryandpsychiatry.Practicein
Hence,the studyof unicellularorganismsis referredto as thesefieldsrequiresanM.D.or similardegree,plusa periodof
microbiology, internshipat ahospitalor university.Otherrelatedhealthprofes-

sions includenutrition,pharmacology,and toxicology.Biologyis
Humanshavealwaysbeencuriousaboutthefunctionsand alsothebasisof agriculture,the raisingof foodanimalsandthe
structuresof livingthings,andtheorieshavebeenexpound- preservationandpreparationof food.
edasfar backastheancientGreeks.Majoradvancesbegan
du_ringthe Renaissanceperiod,includingLeeuwenhoek's Biologyinteractswithotherscientificandtechnicalfields,result-
17th-centurydiscoveryof bacteriausinga self-builtmicro- ing insuchbranchesasbiochemistry(thechemistryof living
scopeandDarwin'smid-19th-centuryexpositionof thethe- organisms),biophysics,andbioengineering.Thefield of ecology
ory of evolution.Thefigureon page12is a representation is concernedwith the relationshipsof living organismsto each
of ourcurrentunderstandingof biologicalevolution,from otherandto theirenvironment.Biologyis thebasisof afield of

the originof life onEarthupto the modernplantsandani- geologyconcernedwith the studyof fossils,andof the history
reals, andevolutionof lifeon Earth,knownas paleontology.Biologyis

also involvedinseveralotherEarthscienceandsocialscience

Eachof the threemajordivisionsof biologycontains fields,suchasoceanographyandarchaeology.Thefieldof exo-
numerousspecializationsbasedontheparticulartypesof biologyis arecentbranchof astronomyconcernedwith the
organismsstudied.Forexample,underzoologywe have searchfor lifeelsewherethanonEarth.Oneof the still unsolved

entomology,the studyof insects,andherpetology,the problemsof biologyis concernedwith the originof life onEarth.
studyof reptiles.Undermicrobiology,we havebacteriology Thisareaof researchinvolvesbiochemistryandpaleontology,
andvirologyas specializations.Amongothersubdivisions amongotherspecializations,andhasbearingon otherareas
of thefieldof biologyare taxonomy,the classificationand includingexobiology,geneticsandevolution,andecology.

Biochemicalscienceisoneof
themanycareeropportunities
atNASAandDOE.
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Types of Work thereis nowmoreof a trendtowardteamprojectsversus
the individualresearchtllat wasmorecommnnm thepast.

Biologistsworkonlandandat sea.Someworkmainlyin Thereis a professionalassociationfor everylargedivision
laboratoriesandindirectingtechnicians,technologists,and of biologicalscienceandthe healthprofessions.Many
researchstaff members,whileothersspendmoretimein acceptmembersatthe bachelor'sdegreelevel.
the field,observing,takingdata,andinterpretingtheir
observations.Biologistsoftenworkcloselywith chemists, Althoughmanyof thesefieldsmayseemfamiliar,theyare
physicists,andgeologists;however,theybringessentially rapidlychangingdueto recentadvancesinresearchand
differentperspectivesto theirwork,andresearchobjectives applications.Therefore,jobdescriptionsandresponsibili-
candiffer considerably.Bychoice,theoreticalbiologists tieschangequicklyaswell.Readingarticlesby scientistsin
assimilatebiologicalandinterdisciplinaryfindingswhich currentmagazinesandjournalswill helpyoukeepupwith
requireslibraryresearchandproducescomprehensive theirchangingjobdescriptionsandrecentdevelopmentsin
overviewsof many:_reasof study.Someof thesestudies, thefields.Thefollowinggivesmoredetaileddescriptionsof
geneticsfor exr_nple,requireafirm foundationinmathe- afewof the biologicalscienceandhealthfields.

maticsandstatistics. Entomologistsworkin researchinstitutionsandindustry.

Manybiologistsacquiretheir ownresearchgrantsor are Theybreedinsectsfor researchandbiologicalcontrol:
employedby peoplewith grants.Theymayalsoworkfor a studymethodsof storingfood andotherproductssothey
governmentagency,privateindustry,or anonprofitorgani- will besafefrom insectdamage;work in medicalandveteri-
zationandbecomeprofessorsor teachers.Today,scientists narymedicine,agriculturalorganizations,andpharmaceuti-
work individually,in teams,or in teamsbelongingto larger calhouses;andserveasconsultantsto farmersand
divisions.A fewwork in isolationin the field.However, internationalorganizations.

Dr.Patr#ciaCowingsisa
researchphysiologistat
NASA'sAmesResearch
Center.Amongheractivities
hasbeenresearchonthe
"spacesickness"sufferedby
astronautsduringtheirspace ,
flights.(NASAphotograph)



IrentfD L_ng.A,I_. does _ PharnTacologyis tile generalsubjectareadealingwith
f(?S_%tfch!fl hieSCIence,SJ/ ,f; nledicinesanddrugs,andtheirbeneficialandharmful
NASAslt_nnedvSpace' effects.It is of widerscopethanpharmacy,whicll is only

CenterSITestudi_-'.sth_?e!/_;cts concernedwitll the preparationanddispensingof drugs.otw_%_htl_ssflc,ssonst).acP

t;ave!efs./nc/udulgpmblenls Pharmacologyisalsocloselyrelatedto toxicology.Forty
SUCII aS CJ/CIUIR ILtSSarid

ctlaftgesin redceltvolume yearsago.pharmacologywasalmostlimitedto antibiotics.
(NASAplTotograph_ Now,nationalinterestfocuseson theconquestandthe pre-

ventionof manydiseaseswith drugtherapy;onthecost.
safetyandeffectivenessof newandolddrugs;andon the
unresolvedproblemsof drugandalcoholabuse.Inaddi-
tion,pharmacologistsareconcernedwith pesticides,herbi-
cides,andthe toxicityandsafetyof industrialchemicals.
Recently,pharmacologistshavebeenconcernedwith the

" /" productionof medicinesin space(to makeuseof the
microgravityenvironment)aswell astheeffectsof drugs
on peoplein space.Pharmacologistsareneededinthe field

#. of toxicology.Otherspecialtiesincludeclinical,molecular,andbiochemicalpharmacologyandchemotherapy.

PharmacologistsrequireM.S.or Ph.D.degreesandwork in
research,teaching,andhealthphysics.Pharmacology
coursework is offeredbyschoolsof medicineandsome

' schoolsof pharmacy.Pharmacists,suchas thosewho
work indrugstores,canfind employmentwithonly B.S.
degrees.However,pharmacistsalsowork in hospitalor

Archaeologyis the studyof materialremainsof pasthuman doctors'officesettingsinactivitiesrequiringmore
life. In general,archaeologistsareinterestedinthe relation- advanceddegrees.
shipbetweenartifacts-- the objectshumansmadeor

Foradditionalinformationrelativeto otherareasof Biology,
make_ andtheirimplicationsregardinghumanbehavior

consultyour locallibrary.
andevolution.Besidesbeingengagedinresearchprojects,
archaeologistsincreasinglyareemployedby government
agenciesto assistin managingresourcesundertheirjuris- EducationalRequirements
diction.Somearchaeologistsusecomputeranalysisor

As istrue for otherfieldsof scienceandtechnology,prepa-
applysystemtheoriesin thesolutionof archaeological rationfor acareerin biologyor oneof the healthfields
problems, requiresa firmfoundationin mathematicsandall three
Toxicologyis thestudyof chemicalsanddrugsthatcan basicsciences(biology,chemistry,andphysics)at thehigh
haveanadverseimpactonour environmentandourselves, schoolandbeginningcollegelevels.Most biologicaloccu-

Toxicologistsdeterminehowharmfulthe effectsof the pationsrequireat leastfour yearsof college,althoughposi-
chemicalsareandwhatkindsof diseasescanresult, tionsasatechnicianor laboratoryassistantmayrequire
Environmentaltoxicologistsevaluatethe riskof gettinga onlytwo yearsof college.Researchanduniversityteaching
diseaseor illnessfromexposureto chemicals.Forensic positions,andmost medicalprofessionaloccupations,
toxicologystudiesunknowncircumstancesthat resultin requiredoctoraldegrees.
the deathof individualsor groups;thesescientistsare
involvedwith poisonings.Thereareclinicaltoxicologistsas
well,who monitoranddeterminethe safeand

effectivedosageof drugsfor manydifferenttypesof
patients.Industrialtoxicologistsareconcernedwith those
chemicalssoldonthe marketandthe levelsof thernthat

wouldor mightbeharmfulto humans,animals,andor

plants.



Chemistry the studyof thetransformationof onetypeof materialinto
another:for example,thecombinationof hychogenand

byDr ThomasA' CornishandDr Bl_n4_$.Holmes
oxygento formwater,or the productionof ironby decom-
positionof ironoxide.Chemistryis abodyof knowledge

Cllemistryisthe scienceaboutsubstances_ theircompo- thathelpsexplainthe physicalworldanditsworking,tt is
sition,structure properties,andinteractions.It dealswith

alsopractical.Weapplychemicalknowledgeto makeevery-
thereactionscr atomswitheachotherto form molecules,

dayproductssuchasplastics,to curediseases,andto pre-
whicha_egroupsof atomsboundtogether;it alsodeals

pareandpreserveour food.

with reactionsof moleculeswitheachother.Chemistryis

Periodic Table of the Elements
I II IIIIIIII I II II IIII II
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Theperiodictableo!theelementsis o!fundamentalimportancetobothchemistsandphysicists.Itarrangestheknownchemicalelements
accordingtoincreasingatomicnunzber,thatis.thenumDerolprotonsmthenucleus(equaltothenumberolelectronssurroundingthenucle-
us)ofeachatom(indicatedabovethesymbolineachbox).Theatomicweight,belowthesymbolineachbox,isapproximatelyequaltothe
numbero!protonsandneutronsinthenucleusoleachatom.Chemistshavefoundthatelementsmgroupsnlakingupthevertica!cohlmnsof
theperiodictablehavechemicalpropertiesthataresimilartoeachother.



Chernistryplayssuchanirnportantrole inour livesthat the normalanddiseasedbodies,it hasbeenpossibleto
everyoneshouldhavesomeknowledgeof it.Thefieldof learnmuchabouttheseprocessesandto devisewaysof
chemistryalsooffersmanyopportunitiesfor a challenging controllingthem.Chemistryhasbeenparticularlyhelpfulin
andlucrativeoccupation.It offersavarietyof employment discoveringhowthe humanbodyusesfood andwhatfoods
possibilitiessuchas in industriesproducingtextiles,rub- ale necessaryfor health.Thewholeproblemof treatingdis-
ber,glass,polymers,pharmaceuticals,electronics,paper, easeby meansof drugsis calledchemotherapy.It haspro-

packing,machinery,fuels,andfood. duced importantmedicinessuchas thesulfadrugsand
hashelpedalso in the purificationof penicillinandthe third-

Thestudyof chemistryhasmademanyimportantcontribu-
andfourth-generationantibiotics.

tionsto modernlife.Tohighlighthowfascinatingacareer

in chemistrycanbe,afewareasofthis fieldarementioned• Chemistryhasincreasedthesourcesfrom whichaperson
In recentyears,chemistryhasgivenus newmaterialsto canobtainenergy.High-poweredgasolineis obtainedfrorn
makeclotheseasierto carefor (polyesterfabric)andto crudeoil (or, morerecently,evenfromcoalor oilshale)by
makeautomobileslighterandthus moreeconomical(ther- chemicalprocesses.Automobilestoragebatteriesresulted
moplastics).In health,chemistryhasattackedtheproblem from researchinelectrochemistry;acurrentfield of devel-
of fightingdiseaseandkeepingpeoplehealthyin many opmentis advancedstorage,batteriesandfuel cellsfor elec-
ways.Bystudyingthechemicalprocessesthattakeplacein trically poweredautomobilesandfor aerospace

!
• .... .

.::::;__=slngisbon¢,=do"bi#bOnd;-:mtrlp!_boad" : •



applications.Thefluorescentlight bulbresultedfrominves- canalso beproducedbynonbiologicalprocesses.Someof
tigationsof thevariouschemicalcompoundsthatcould thesubdivisionsof organicchemistryincludethestudyof

successfullybeusedto producelightat the leastcost. rnacromolecules(polymers),biochemicalprocesses,and
Chemistsarehelpingto produceenergybydevelopingthe molecularbiology,sincethesefieldsinvolvecarboncorn-
alcoholobtainedfrom plantsinto animportantsourceof ;_oundsto agreatextent.

fuel. Inorganicchemistrydeal_with thepreparation,reactions,

Chemistryincludesthefivemajorsubfieldsof study andpropertiesof bothnaturalandsyntheticcompoundsof
describedbelow: all theknownelementsotherthancarbon.Inorganicand

organicchemistryoverlapin theareaof organometallic
Organicchemistrydealswith the preparation,reactions,

compounds.
andpropertiesof bothnaturalandsyntheticcarboncom-
pounds.It is a majorsubfieldbecausecarbonformsa Physicalchemistrydealswith the studyof matteras it
muchgreatervarietyof compoundsthananyothersingle relatesto the lawsof physics.It involvessubfieldssuchas
element.Manyof thesecompoundsarefoundin living thermodynamics,kinetics,andquantummechanics,partic-
organisms,hencethe nameorganicchemistry,but many ularlyastheyrelateto chemicalreactionsandthestruc-

Inchemistry,reactionsinvotvi
beforeandafterthereaction;forexample: -

Burningof CH4 + 202 .,> heat
NaluralGas (methane) (oxygen)

u aRocket _ ....

Propellant . .

GreenPlant CO2 + H20 + + 02
Phsto__

ofcarbohydrates
suchasstarchandsugar.)

Atthesubatomicscale,physidstswritesimilarequationsfortherea_iOds_een elementary
particlesandatomicnuclei.Forexample: ....

UraniumFl,zJon*; 92U235 + n _ 38Sr90 + _Xe136 + " 1On + energy
(Uranium-235) (neutron) (Strontium-_) (Xenon-136) (iieutrons)

RadioaetlveDeeay: 88Ra226 ,_ 86Rn222 + 2He4 :- + energy
(radium) (radon) (heliumnucleus

=alphaparttC!e)

*In92U235,the92IndicatesthenumberOfprotons(positivelychargedparticles).inthenucleusofthe
atom(theatomicnumber),whereasthe235indicatesthetotalnumberofprotonsandneutrons

(unchargedparticles)inthenucleus(theatomicweight).



turesof molecules.There_scons_!,'rableoverlapbetween
chernistryandphysicsin tllis sublmhl

Analyticalchemistrydealswith determiningthe
compositionof materialsandmeasuringexactquantitiesof
materialsaswellas separatingmaterialsinto theirbasic
components.Analyticalchemistryinvolvestheuseof many
instrumentsto measurethesequantitiesprecisely.

BiochenTistrydealswith the chemistryof living systems,or
the reactionsandprocessesthatoccurin thecellsof plants
andanimals.Biochemistryoverlapswithorganicchemistry,
in that it includesthestudyof organiccompoundsand
macromoleculesthatoccurwithinourbodiesandotherliv-

ingorganisms.

Typesof Work

Employmentopportunitiesfor chemistsexistin govern-
ment.privateindustry,military,andmedicalsciences,
Industryaffordsanexcellentslot for newproductresearch,
suchasthe plastics,newantibiotics,newpaints,andfabric
modificationto increasewearandto deterwrinkling.
Governmentchemistsare involvedin interestingassign-
mentsthat includeenvironmentalproblems(waterpurifica-
tion by chemicalmeans,analysisof theatmospherefor

pollutants,etc.),testingmaterialsfor fire resistancepoten-
cy (qualitycontrol),andsynthesizingandformulating
hydraulicfluidsresistantto seawater.Thejobsthat
chemistsperformareendless.

Chemistsoftenworkverycloselywith physicists,chemical
engineers,biologists,pharmacists,andmedicalpersonnel.
Oneof the mostsignificantprojectsdevelopedfrom such
collaborationis the techniquecalledMedicalImaging,
whichis a noninvasive,nondestructivemethodof detecting
tumorsandmalignantcells in humanbeings,andwhich

mayeventuallyreplaceharmfulX-raytechniques.

Chemistryhasa verycloserelationshipto severalother

Ha.toldG EatO/!anai_:.7tyl,cairesearct;chemist,:fltheNaval professions,includingchemicalengineering,medicine,and
Researc._Laboratory._s_hownadjustingflo_ratesof variousgases pharmacy.Theyareso closelyrelatedthat the first two
going/ntoareactingchamber(notshown).Theinstrumentation yearsof college-leveltrainingarenearlyidentical.It is very
shownhere/susedtostudytheefficiencyofdecomposihonol easyto switchfrom oneto the otherbeforethe junioryear.
dimethylmethylphosphonatevaporfromaheliumstreamman All threefieldsrequireaheavybackgroundinchemistry.
atmospiTericpressure,alternatingcurrentcapacitivedischargesys-
temTheoverallimparto/thisstudywastounderstandbetterthe
chemistryo/electr/cdischargesasa:rpurificationsystems.(NRL
ptToiograph)



Somestudentsgodirectlyto medicalschoolafter they lib -._.ii i._ii--,_.!L{I,

receivetheB.S.degreein chemistry.Physicalchemistryis i n _ ...._ _Ji _ _ ......
closelyrelatedto physics,particularlyato,nic,nlolecular. _ __,_, ,--,_
andsolid-statephysics.Chemistryisan importantpartof
the Earthandspacesciencesinthe areasof atmospheric

cheimistry,astrochemistry,geochemistry,andenvironmen-
tal science.

EducationalRequirements

Youshouldstart preparingfor acareerin chemistryas
earlyasjuniorhighschoolbypursuingcoursesin mathe- '-"
matics,science,andEnglish.Acollege-preparatorysched-
uleshouldbefollowedin highschoolto preparefor a
chemistrymajorin college.Collegecurriculaleadingto a
B.S.degreein chemistrywill includegeneralliberalarts

requirementsinadditionto coursesin general,organic, /
physical,andanalyticalchemistry.Manycollegesinclude
coursesin biochemistry,inorganicchemistry,andpolymer

chemistryin the undergraduatecurricula.Thoseindividuals

who wishto pursueresearchcareersin chemistrywill most ...... ,
likelyattendgraduateschoolfor advanceddegreeswhere

thmrareasof studywill bemoreconcentrated. PicturedISOr.BrendaSwannHolmes,researchchemistatthe
NavalResearchLaboratoryin Washington,D.C.Sheisshownatthe

Commonsubjectselectedas minorsby chemistrymajors consoleofaJEOLFX-60Qnuclearmagneticresonancespectrome-
aremathematics,computerscience,physics,biology,and ter(magnetinbackground)wheresheispreparingto recorda
chemicalengineering.Coursesin computersandcomputer spectrumonpaperwhichwasstoredearlieroncassettetape(NRL
programming,probabilityandstatistics,chemicalengineer- pt_otograph)
ing, economics,organizationalbehavior,andmanagement
maybegoodelectives.

Chemicalengineeringmajorsarerequiredto studymathe-
maticsthroughdifferentialequationsandto havesome
experiencewithcomputers.Aone-yearcoursein physics
andat leastsixsemestersof chemistryarerequired.If pos-
sible,a fewelectivecoursesinscienceandmathematicsare
recommended.

Engineeringcourseswill alsoberequiredin eachsemester.
Typicaltopicsareheatandmasstransfer,thermodynamics,
fluid dynamics,processengineering,andchemicalengi-
neeringdesign.



Physics particles,andin thisrespectaresimilarto chemistrybut oil
asmallerscaleof thestructureof matter.

byDr GeorgeR I?arruthms
To makefurtherprogressm definingtheextremelybroad

Physicsmaybedefinedin broadtermsas thestudyof fieldof physics,someof its rnajorsubfieldsmust be
nature-- allnaturalphenomenanot coveredby biologyand described.Thesearesometimesgroupedinto twobroad
chemistry.Morespecificallyit maybedefinedasthestudy categories,classicalphysicsandmodernphysics,Thefor-

of matter,energy,andtheirinteractions.This includesthe merincludesthesubfieldsof mechanics,acoustics,ther-
studiesof: forceandmotion(mechanics),sound modynamics,electroniagnetism,andoptics;essentially,

(acoustics),heat(thermodynamics),electricityandmag- thosefieldsof physicswhichwerereasonablywell tinder-
netism,andof light(optics). Italsoincludesthestudyof stoodat the beginningof the20th century.Modernphysics
matterona submicroscopicscale-- atomicphysics,nucle- includesatomic,nuclear,andparticlephysics;thesefields
arphysics,molecularphysics,andsolid-statephysics, wererelativelyundevelopedbeforetheadventof thetheo-

riesof relativityandquantummechanics,whichalsoare
Thereis nosharpdividinglinebetweenthefieldsof majorfieldsof modernphysicsandform thebasisfor the
physics,biologyandchemistry,as is shownbytheexis- otherthreejust mentioned.Classicalphysicsis primarilya
tenceof suchsubfieldsasbiophysicsandphysicalchem-

foundationof knowledgeusedin engineeringandlessa
istry.However,chemistryemphasizesthe reactions field of basicresearch,whereasmodernphysicsis primarily,
betweenvariousatomsandmoleculeswhereasphysics anareaof basicresearchandlessanareaofapplications.
emphasizesthe propertiesof theatomsandmolecules,the

However,this obviouslyis not a hardandfast rule;there
elementaryparticles(electrons,protons,andneutrons)that arestill manybasicresearchactivitiesinclassicalfields
makethemup, andtheir interactionswith energy.Nuclear suchasoptics,andnuclearengineeringis anexampleof
physicsandparticlephysicsdealwith the nucleiof atoms appliedmodernphysics.
andtheirreactionswith eachotherandwithelementary

Thismodifiedbetatronis
usedbythePlasmaPhysics
Divisionol theNavalResearch
Laboratory.Itcanaccelerate
electronsto50millionelec-
tronvoltsofenergywithcur-
rentsashighasseveral
thousandamperes.Itscurrent
useis instudyingthecritical
physicsissuesofh#ghcurrent.
recirculatingaccelerators.
includinginlectionandextrac-
tion.Itmayalsoprovideuse-
fulinformationin thedesign
olcompactacceleratorsfor
militaryapplicationsindirect-
edenergysystems.(NRLpho-
tograph)



Mechanics deals with the properties of materials and their Modern physics, as mentioned, is based on the subfields of

interactions with external forces: for example, it determines relativity and quantum mechanics. Thesefields, which did

the trajectory of a moving object in a gravitational field, or not exist before the early 20th century, are essential to the

the force exerted on an airplane wing as it moves through understanding of matter and energy at the molecular and

the air. Acoustics deals with the production and propaga- atomic level (and smaller). They also are essential to a

tion of sound waves. Thermodynamics deals with heat, its proper understanding of the generation, propagation, and

propagation, and its effects on gasesand other materials. It interactions of electromagnetic radiation. Relativity is a

is the basis for energy production by a gasoline engine, for modification of the laws of classical physics which, for

example Electromagnetism forms the basis of the major example, is important when material objects travel at

field of electrical engineering, and dealswith the properties speeds approaching the speed of light. It also states the

and interactions of electrically charged particles and of elec- equivalence of matter and energy, through the famous

tnc and magnetic fields. Optics dealswith the properties equation E=mc2. Quantum mechanics, on the other hand, is

and propagation of electromagnetic radiation, which a modification of classical mechanics, which is important at

includes visible light, and of material objects such as lenses, very small sizescales, such as those of atoms and

mirrors, and photoelectric cells which interact with electro- molecules. The motion of Earth around the Sun can be

magnetic radiation, described by classical mechanics, but the interactions of

electrons and protons in an atom require quantum mechan-

ics for accurate description.



Principles of Physics Illustrated A farmerisshoppingfor anelectricmotorto usefor a
waterpumpat his well, located200feetfrom his house.

Theprinciplesof physicsenterallaspectsof ourdailylives, Hehas#i6 electricwiringbetweenhis houseandthewell.

Acaris atthetop of ahill 0.5 kilometerhigh,witha 15 Thesalesmansuggestsa 1-horsepowermotor,with
degreeslope.If thedriverdecidesto gofor a joy rideby optionsof 115voltor 230volt operation.Whichis better,
releasingthe brakesandcoastingdownhill,howlongwill it andwhy?

taketo reachthe bottom,andhowfast will hebegoing A1-horsepowermotorrequiresabout1000wattsof electric
whenhegetsto the bottom? power,regardlessof operatingvoltage.However,current

andvoltageare inverselyrelatedbythe relation

Power(Watts)= Current(amperes)x Voltage(volts)=

_.j__ --_'\ Voltage/Resistance(ohms)x Voltage=
__1-.-._ (current)2x resistance

15 I 15' 9.8m/seC _ Therefore,a lO00-wattloadrequires8.7 amperesat 115
volts,or4.35amperesat 230volts.However,poweris also
lost in the resistanceof the linesleadingto the motor,400
feetof #16copperwire havinga typicalresistanceof

4 ohmsper1000feet(total1.6ohms).Therefore,the 115-
volt motorwouldincur anadditional1.6 ohmsx (8.7

Theaccelerationof gravityis9.8 meters/sec2, but actsonly amperes)2 = 121watts lossin the line,whereasthe 230-
downward,not parallelto Earth'ssurface.Therefore,the volt motorwould incuronly(1.6)(4.35)2 = 30wattsof line
componentof accelerationthat is effectiveis thatwhichis
parallelto the road: loss.Notethatwith the 115-voltmotor,the actualvoltage

dropinthe line is V = IR= 14volts,leavingonly101volts

aparallel = asin15= = (9.8)sin 15° = 2.54 m/sec2. for the motor(if thecurrentstaysat8.7 amperes),so it will

Thevelocityv= at andthedistancedownhill,s= .i'vdt= notperformaswellasrequired.Alternately,onewouldhave
at2/2. Butweknowthedistancedownhill,s, is 0.5 km/ to provideaninput linevoltageat 129voltsto have115

voltsat the motor.sin 15° = 0.5/0.259= 1.932km= 1932meters.

Therefore,t2= (2)(1932)/2.54= 1521 ._ t = 39seconds Thisexampleillustrateswhyhighvoltagesareusedfor
andhencev = at = (2.54)(39)= 99m/sec= 221mph. transmittinglargeamountsof electricpoweroverlong

distances.
Ofcourse,air dragandwheelfrictionwill reducethis some-

what.Notethatthisvelocityis actuallyindependentof the
slopeangle,andisthesameasif thecardroppedvertically
0.5kilometer.



Mrs.DeloresH Walker.a
researchphysicistatthe
NavalResearchLaboratory.is
mountingaprototyp_solar
cellonawater-cooledblock
thatwillmaintainthetempera-
tureofthesolarcellata fixed
temperatureduringmeasure-
ments.Thesolarcellwillbe
illuminatedwithlightcompa-
rabletosunlightandevaluat-
edforitsresistancetodamage
fromnuclearradiation.(NRL
photograph)

"_ _ _:_

Dr.WilliamE.Howellis
shownoperatingapairof
missile-likeinfraredsensors
tochecktheemissionquality
ofanexoticdecoymaterial
thatproducesitsownheaton
contactwithair.Dr.Howell's
workattheNavalResearch
Laboratory,whereheholds
positionsasaresearchphysi-
cistandsectionhead,
includestheexploratory
developmentofnewmaterials
andtechniquesforimproving

.... theFleet'sdecoycapability
. againstheat-seekingand

radar-guidedmissiles.As
_ teamleaderonthedevelop-
_ , mentofseveralnewdecoy

i. concepts,hisworkranges

frombasicresearchthrough

j _ hardwaredesignandprate-scenariosthatsimulatecom-
bat.(NRLphotograph)



At themolecularlevel,thereis significantoverlapbetween Educational Requirements and Types of Work
modernphysicsandchemistry:quantunlmechanicsis a

As mentionedabove,physicsis thefoundationfor mostof
necessarybasisfor understandingchemicalreactions.

theengineeringfields.Therefore,apersonwitha B.S.
Solid-statephysicsdealswiththe propertiesof multi-atom
structures(crystals)andthe propagationof electriccharges degreein physicscanoftenfind employmentin engineering

fieldsor inrelatedfieldsof the physicalsciences,suchas
andelectromagneticradiationin them.

tile Earthandspacesciences.Manycollegesofferdegrees

Othercloselyrelatedfieldsof physicalscienceinclude inengineeringphysicsfor thoseplanningto applytheir
astronomy,geoiogy,andmeteorology.Thesefieldsareall knowledgeof physicsto practicalproblems.However,basic,
basedon physicsas afoundationof knowledge,usedto researchinphysicsandrelatedfieldsusuallyrequirethe
explorethe natureof theobjectsunderstudy.Forexample, Ph.D.degree,asdoestheteachingof physicsat thecollege
astronomy(particularlythoseareasknowncollectivelyas or universitylevel.
astrophysics)rnakesuseof optics,electromagnetism,and

It is extremelyimportantfor thoseinterestedin careersin
modernphysicsto determinethecomposition,tempera-
ture,andpressureof gaseousandsolidmaterialsin celes- physicsto obtainafirm basisin mathematicsandscience

asearlyaspossible.Youshouldtake,anddoas wellas
tial objects.Planetarysciences,includinggeologyand
meteorology,usephysical(andchemical)knowledgeto possiblein, allof the mathematicsandsciencecourses

availablein highschool.If theavailablecoursesdonot
studythe natureof Earth,otherplanets,andtheiratmo-

includemathematicsthroughtrigonometryandpre-calcu-
spheres, lus.andbothchemistryandphysics,it maybenecessaryto
Someexamplesof majorrecentdiscoveriesin physics takeremedialcoursesbetweenhighschoolandcollege.
includediscoverythat theprotonandneutron,previously

Thebeginningcollegecurriculumof a physicsmajor
thoughtto beelementaryparticles,arethemselvesmadeup

includescalculus,differentialequations,andmore
of smallerentities(knownas quarks);discoveryanddevel-

advancedmathematicscourses,as wellascollegechem-
opmentof the maserandlaser;andadvancesinthe under-
standingof thepropertiesof ionizedgases(plasmas), istry andcollegephysics.Thelattercoversallof the major

fieldsof physics,as doeshighschoolphysics,butrequir_
whichmayleadto controlledthermonuclear(fusion)reac-

andusescalculus.Laterphysicscoursescoverindividual
tionsandtheir useas apracticalenergysource.Thesealso

subfieldssuchasmechanics,optics,electricityandmag-
arestill currentareasof basicresearchinphysics.It is

netism,andquantummechanics.Theseusuallyhavemore
interestingto notethat to explorethestructureof matteron

advancedmathematicsprerequisites.Dependingonyour
smallerandsmallerscales,higherandhigherenergiesare
neededin particleacceleratorsandotherequipmentusedin particularinterests,electivescan betakeninotherfields,

suchaschemistry,electricalengineering,geology,or
the research.Therefore,largerandmorepowerfultoolsare

astronomy.
neededto studysmallercomponentsof matter.

Physicistsareemployedin industry,government,anduni-
versities.Atthe Ph.D.level,theymaydo basicresearchon

suchthingsas thestructureof subatomicparticles,super-
conductivity,andpropertiesof semiconductors.Atthe M.S
andB.S.levels,theymayassistPh.D.researchers,or they
maybeemployedin moreappliedtaskssuchasthedevel-
opmentof particleaccelerators,freeelectronlasers,and
electronicimagingdevices.Becauseof the breadthof their
training,physicistshavemoreflexibility incareerselection
andchangethanthosewhoaretrainedin morespecialized

scienceor engineeringfields.



EarthScience Manyscientistsandtechnicianswho havechosenEarthsci-
enceasa careerenjoyit becauseofthe opportunitiesto

byMari/ynJ.Suiter workoutdoors,the challengeof solvingproblemsthatare
multifaceted,andtheinteractionof manysciences(suchas

Geoscience,orEarthscience,is a collectivetermfor the
chemistry,biology,andphysics)in real-lifeapplications.

scientificdisciplinesthat involvethe studyof ourplanet Thegrowinginterestin energyresourcesandinthe protec-
Earth.It focusesonthe studyof the materialsof which tion andrestorationof ourenvironmenthascontributedto
Earthis made,the processesthatactonthesematerials, increasedinterestinthe Earthsciences.
theproductsformed,andthe historyof the planetandits
lifeformssinceits origin.Energyresources,wateravailabil- Careersin the Earthsciencesembracea widerangeof
ityandquality,andearthquakeactivityaresomeof thetop- employmentareas.Research,education(bothprecollege
icsin geosciencethatarefamiliarto mostpeople, andhighereducation),governmentagencies,andprivate

industryareall included.Careerssometimesoverlap;for
Earthsciencedisciplinesincludegeology(the studyof the example,acollegeprofessorusuallypursuesresearch
Earth)asamajorfield,with varioussubfieldsor related interestsinadditionto teaching.Thereis alsooverlap
fieldsasspecialties.Theseincludeoceanography,meteor- amongdisciplines;a geologistin thepetroleumindustry
ologyandotheratmosphericsciences,environmentalsci- mayusegeology,geophysics,geochemistry,andengineer-
ence,andecology.Specializationswithingeologythat inggeology.
Interfacewithotherbasicscienceareasincludegeophysics
andgeochemistry.Planetologyandplanetaryscienceapply
geologicprinciplesto otherplanetsin oursolarsystem.
Engineeringgeologydealswith the practicalapplicationsof
geology,suchasto the miningandthepetroleum
industries.

. . , _- Thehydrologiccycleisoneo/

• _- . severalplanet-widecyclesthataffectsEarth'senviron-
ment.Asshown,wateris con-

"-" tmuouslycycledbetween
gaseous,liquid,andsolid
formsandhasmajorinterac-

t, tionswiththesolidEarthand
withvegetation.It is important
forustoobtainabetter

q understandingofthedetailsof
thiscycle,andfactorsaffect-
ingus,toavoidmajorprob-
lemssuchasdroughtsand
llooding(NASAillustration)

Stream.

rahle GroundwaterFlowT_'ol)eep_._rage Channel
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ThecarboncTc/e_sanother Current and Near-Future Prospects fieldsanddoinglessexploration(discoveryof newfields).
bJogeochem/ca/cycleo/great Foreigneffortsin explorationarestill active,althoughata
prachcaf_mportanceItestab- Geoscienceemployment,as mentionedabove,canbe found lowerlevelthanin theearly1980s.
hshesthe_alanceo/carbonm in awidevarietyof businessesandpublicorganizations.
_tsvanousformstf_cludff_g Thepetroleumindustryis the majoremployerof geoscien- Thefastestgrowinggeosciencecareersarethosethat
lossI fuelsatonee.ndand tists (about50percent);stateandfederalgovernment involvethe protectionandrestorationof theenvironment:
.aarbond_o._deandcarbdnates
att,';eotherNotethatenergy agenciesare thenextlargest(about12percent),followed areassuchaswaterqualityandhazardouswaste.Water,
it,amtheSungeologicalpro by education(7 percent), oneof our mostvaluableresources,posestwo majorcon-
cesse._andart_hctaiact_whes cerns:availabilityandquality.Availabilityof wateris a major,
barema/oreffectsonth_.s Althoughrecentinternationaleconomicproblemshave issuefor landplannersandfarmers.It is alsoimportantthat]
...-,,_ ..... causedthe UnitedStatespetroleumindustryto suffer:._._,iNASAHtustr._hont the wateris of highqualityandbefreeof contaminantsThel

losses,prolectionsfor that industryareencouraging.The
mappingof waterbodies,both onEarth'ssurface(lakes,

domestic{UnitedStates)petroleumindustryis focusingon rivers,oceans)andin thesubsurface(ground-water

improvingtheproductionfrom establishedoil andgas aquifers)is ageosciencespecialtycalled17ydrology(or
hydrogeology)



Theteachingof Earthscience,particularlyatthe precollege Thegeosciencedisciplineselectedmostoftenfor an under-
level,is alsobecomingmorepopular.Thisis partly in graduatedegreeis generalgeologyor Earthscience,fol-
responseto increasednationalinterestin avarietyof Earth lowedbypetroleumengineeringandgeophysics.Atthe
scienceissues,includingnaturalhazardssuchasearth- graduatelevel,mostmaster'sdegreesare ingeophysics,
quakes,volcaniceruptions,flooding,andradongasemis- followedby generalgeology/Earthscienceandpetroleum
signs.In addition,sharingyour knowledgeandenthusiasm engineering.Mostdoctoraldegreesarein geophysics,fol-

for sciencewith youngpeoplecanbeasatisfyingcareer lowedbyeconomic/mininggeologyandpetroleum
andonethat is of greatimportanceto ournation, engineering.

SalariesintheEarthsciencesvarydependingontheeco- Descriptionof Whata GeoscientistDoes
nomicmarketfor aparticularfieldandanindividual'squali-
fications,includingacademicdegree. Theon-the-jobactivitiesofmanygeoscientistshavebeen

describedearlierinthissection.Generally,thedutiesof

EducationalRequirements Earthscientistsincludegatheringinformationordatato
defineclearlyasubjectof geoscientificinterest.Thismay

AhighschoolstudentinterestedinstudyingEarthscience
beanareaof land(onorbelowEarth'ssurface),orinthe

incollegeneedsto havea goodbackgroundinmathematics
ocean,theatmosphere,or inspace.Theinformationisthor

andscience.Inaddition,it isbeneficialtolearncommunica-
analyzedto provideaninitialanswerto whateverproblemi=

tionskills,bothinwritingandinspeaking.It isalsoimpor-
beinginvestigated.Aftertestingthisinitialanswer,theEartl

tanttolearncomputerscience,ascomputersarean
scientistmaysharetheresultingconclusionswithother

essentialpartofmostactivitiesinscienceandtechnology. Earthscientiststo determinethenextaction,

Acollegeprogramin geosciencefurtherdevelopsyourgen-
Forexample,inthepetroleumindustrya geoscientistcol-

oralknowledgeofscienceandmathematics,butusually
lectsdataaboutlayersof rocksinthesubsurface.This

alsoincludescoursesingeology,mineralogy/crystallogra-
informationmayhelpthepetroleumgeologisttodetermine

phy,sedimentarygeology,petrology,historicalgeology/
iftherockcontainsoilorgas.If thatseemslikely,the

paleontology,fieldgeology,andlaboratorycourses.Some
petroleumcompanymaydecidetodrillawellintothatlaye,,

institutionsofferindepenc,mtstudycoursesthatprovidean
of rocktotestforthepresenceofoiland/orgas,ThegoD-

excellentopportunityto developresearchskillsandprofes-
scientistmaygoto thedrillinglocationto supervisethe

sionalism, drillingoperationandtoprovidetechnicalreportsonthe

Althoughthebachelor'sdegreeissufficienttogainemploy- activity.Drillinglocationsvaryfromthosecommonlyidentt
mentinsomesituations,theAmericanGoological fledwiththisindustry,suchastheoilfieldsofTexasand
Institute'semploymentsurveyindicatesthatmorethan Oklahoma,to moreexoticlocationssuchastheNorthSea
60 percentofthosehiredin1989havea master'sdegree, andtheBrazilianrainforest.A successfulventureresultsir_

A master'sdegreeprogramprovidesa combinationofmore profitsforthecompanyandenergyresourcesforthe
advancedcourseworkandusuallyindependentresearch, customer.

Manyemployersfeelthatthesefactorsbetterequipan
employeeto beaproductivememberofa professional
staff.



"_geoscientistworkingfor the governmentmaystudya Meteorology
Jarietyof issuesthatare importantto thepublic,from local

b_,ReneeR Fa_fand[dw_ardH Youf_g.Jrand-planningneedsto theupdatingof topographicmaps,
tndotherresearchtopics

Meteorologyisthestudyof the atmosphereanditsphe-

/he followingarebriefdescriptionsof someothergeo- nomenathatrelateto weatherandweatherforecasting.A
;ciencespecializations.Ageochemistanalyzesthecompo- rneteorologistis a personwho studiestheatmosphereand
}itionof Earthmaterials.A geophysicistusesquantitative doesweatherforecasting.
•nethodsto studythephysicalpropertiesof Earth.

r,Seismologyandtectonicsaretwo areasaddressedby geo- Descriptionof Work
;}hysicists.)An engineeringgeologistusesgeoscientific
:lataandtechniquesto assurethat theengineeringaspects Meteorologistsperformprofessionalandscientificwork
_)fconstruction(buildings,dams)includepropertreatment primarilyconcernedwith the phenomenaandconditionsin

Earth'satmosphere,andtheir effectsonhuman,social,and
ofgeologicfactors.Aneconomicgeologiststudiesgeologic

economicactivities.Phenomenahavingpotentialadverse'naterialsusedcommercially,suchas fuels,metals,non-
'netallicminerals,andotherEarthresources.This includes effects,whichmeteorologistsseektopredictincludehurri-

canes,tornadoes,blizzards,anddroughts.Thework!hesearchfor andidentificationof depositsof suchmateri-
lls. A geomorphologiststudiesEarth'ssurface,specifically requiresprofessionalknowledgeof meteorologicalmeth-

ods,techniques,andtheory,andthe abilityto applythis:odescribelandformsandexaminetheirdevelopmentalhis-
:ory.A#aleontologiststudiesthechronologyofEarth'shis- knowledgein thesolutionof practicalandtheoreticalprob-

lems,
:orybasedonfossilplantsandanimals.An oceanographer

_,tudiesthe marineenvironmentof theocean,includingits Workperformedbymeteorologistsincludesweatheranaly-
:}hysical,chemical,biologicandgeologicaspects.A meteo, sis,forecasting,air andwaterpollutionadvisories,climatol-

rologistworksin theatmosphericsciencesandiscon- ogy,radarandsatellitesurveillanceandanalysis,
:ernedwith Earth'sloweratmosphere,specificallyincluding computer-preparedprognosticguidance,andmeteorologi-
Neatherphenomena calresearch.

Summary Synopticmeteorologistsanalyzeweatherdatafromsatel-
litesandworldwidenetworksofstationsequippedwith

thegeosciencespresentmanyexcitingchallenges.Those upper-airsoundingequipment,radar,andsurface-observ-
NhOenjoysolvingproblems,observingandclassifying inginstrumentation.Weatherforecastersprepareavariety
Earthmaterials,andworkinginandonavarietyofgeo- offorecastsforthegeneralpublicandforspecializedinter-

Iraphiclocationswillfindthegeosciencesanappropriate estssuchasaviation,marine,andagriculture.Research
',areerchoice.Additionalinformationon topicsin geo- meteorologistsdo researchin atmosphericphysics,refining
_ciencecanbefoundat a locallibrary,throughmunicipal, andadvancingmeteorologicaltheory,andcreatingand
_,tate.andfederalscienceagencies,andthroughprofes- improvingmathematicalmodelsofatmosphericprocesses
_,ionalgeoscienceorganizationssuchastheAmerican andevents.Theyworkinlaboratoriesandinthefieldstudy-
3eologicalInstitute. ing severestormmechanics,weathermodification,andnew

weatherpredictiontechniques.Climatologistscollect,orga-
nize,archive,interpret,andpublishclimatologicaldata.





_,majoremployerof meteorologistsis theNationalOceanic Educationaland QualificationRequirements
_ndAtmosphericAdministration(NOAA),Its meteorologists

Themainfieldsof studyrequiredat theh;ghschooland
areassignedto theNationalWeatherServiceEnwronmental
ResearchLaboratoriesandtheNationalEnvironmental collegelevelsincludephysicsandmathematics(through
SatelliteDataInformationService. calculusanddifferentialequations)andmeteorology,A

minimumrequirementfora careerin meteorologyis a full
_fterseveralyearsofexperienceandtraining,a rneteorolo- courseof studyleadingto a bachelor'sdegreein anaccred-

list generallymovesinto amorespecializedfield Sonicof itedcollegeor university,which l]as includedor beensup-
hesearethe following: plementedby 20semesterhoursin meteorology,This

AgriculturalMeteorology includes6semesterhoursin weatheranalysisandforecast-
MathematicalAnalysisandProgramming ing,and6 semesterhoursin dynamicmeteorology.
AviationForecasting

MarineForecasting CareerDevelopmentAssignments '
CentralAnalysisandPrediction
RadarMeteorology TheNationalWeatherServiceconductsatrainingprogram
Climatology to developits forecasterworkforce.Thisprogramcom-

bineson-the-jobtraining(OJT)andcourseworkto provide
SatelliteMeteorology basictrainingin facilityoperationsandforecasttechniques.
FireWeatherForecasting Theinternwill perform,astrainingandexperienceproceed,
SpaceflightMeteorology allaspectsof theofficefunctions.TheOJTwill advance
HurricaneForecasting
SevereLocalStormForecasting from routineto difficultassignments.Thecareerladderfor

meteorologistsprovidesfor yearlyprogression,basedon
Increasinglybroadandspecializedexperienceaccompa- satisfactoryserviceandcompletionof trainingassign-
niedbygraduatestudyequipsa meteorologistfor staffor ments.At theendof theassignment,themeteorologistmay
supervisorypositionsor for researchin aspecializedarea beassignedto anothergeographicallocationwithin the
of meteorology. NationalWeatherService.

Locationof Work A varietyofassignmentsin ameteorologist'scareernot
onlyhelpsselectanareaof specialization,butprovidesa

Meteorologistsworkthroughoutthecountry,TheNOAA goodbackgroundforthespecializationitself.Because
offices,withintheNationalWeatherService.isa major careeropportunitiesarelocatedthroughoutNOAA,mobility
employerof meteorologists.Meteorologistsarelocatedin isanimportantfactorincareerdevelopment.It isequally
mostofthemajorcitiesinthe50 statesandinWashington, desirablethata meteorologistgainexperienceininterna-
D.C.TheyareassignedtoNationalWeatherService tionalassignments,inviewof theglobalnatureof atmo-
ForecastOffices.Thereisalsoalargeconcentrationof sphericphenomena.
meteorologistsinNOAA'sNationalMeteorologicalCenter
ocatedinCampSprings,Maryland,NOAA'sEnvironmental

=lesearchProgramhasfieldofficesthroughouttheUnited
States,ResearchmeteorologistsarelocatedinSuitland.
SilverSpring,andCampSprings,Maryland:Boulder,
Colorado:KansasCity,Missouri:Cincinnati,Ohio;Norman,
Oklahoma:LasVegas,Nevada:Miami,Florida:IdahoFalls.
Idaho:OakRidge,Tennessee:Raleigh.NorthCarolina:and
Princeton,NewJersey,



Astronomy Modernastronomyhasbeenmarkedby anincreasing
diversityof wavelengthrangesin theelectromagneticspec-

byDr GeorgeR Carruthers trum accessibleto study,andin typesof equipmentand
theoreticaltechniquesused,Astronomyhasbecomemuch

Astronomydealswiththeentireuniverseoutsideof Earth. closerto physicsnow thanit was100yearsago.As recent-

As such,it liesat the oppositeextremefrom particle ly as 1960,mostastronomywasdonewithopticaltele-
physics,whichdealswiththe smallestentitiesof nature.

scopesin ground-basedobservatories,althoughthe
However,astronomyis basedto averyhighdegreeon

then-newfield of radioastronomywasgainingprominence.
physics.It differsfrom othersciencesinthat it is not possi- Withthe adventof the spaceprogramandtheavailabilityof_
bleto doactuallaboratoryexperimentationinastronomy:in satellitesandotherspacevehicles,astronomybeganto
mostcases,wecannotactuallyvisitthe objectunderstudy, encompassobservationsin the ground-inaccessibleultravi-
but canonly observeit froma distance, olet,X-ray,andgamma-raywavelengthranges.Advancesin

Hence,astronomyis afield dependenton remotesensing infrareddetectortechnologyresultedin the developmentof
-- studybasedon observationsof light andotherforms of infraredastronomy,first with ground-basedtelescopes,and
electromagneticradiationreceivedfromthe object.Thus, thenwith telescopescarriedon high-altitudeaircraft,bal-
thefieldsof opticsandelectromagnetismareof fundamen- loons,andspacevehicles.Manyprofessionalastronomers
tal importanceto astronomy,sincetheseform thebasisby obtainedtheiracademicdegreesin physics(or evenchem-
which informationis obtained,However,nearlyallother istry) andmayhaveneveractuallylookedthrougha

fieldsof physicsare involvedin interpretingandunder- telescope.
standingthe informationreceived.Manyareasof astrono- Examplesof fieldsof researchin astronomyincludestudies
myalsoinvolvechemistry;for example,studiesof the of planetaryatmospheres,stellaratmospheres,stellar
compositionof planetaryatmospheresandof interstellar structureandevolution,galacticstructureandevolution,
gasanddust. Evenbiologyis importantindetermining propertiesandcompositionof interstellarmaterial,and
whethertheremayDelifeelsewherein the universe.

Fourstudentsparticipatingm _ _ _ •
theNationalOphca/
AstronomyObservatories/Kitt
PeakNahonalObservatory
AIHBsummerprogramare
shownusinga36-inch
telescopeatKittPeak
(NOAO/KiltPeakphotograph)



cosmology(thestructure,history,andfutureevolutionof EducationalRequirementsarid Types of Work
the untverse_Anexampleof aresearchtopic is determina-
tion of howstarsandplanetsareformed,Thisincludes Astronomyis verycloselyrelatedto physics,hencethe

educationalrequirementsfor astronomyarenearlythe
studiesof otherplanetsandObleCtsm oursolarsystemto

sameas for physicsthroughthesophomoreyearof col-
obtainnev,,insightsintothe h_storyof oursolarsystem, lege.Mostcollegesoffer introductoryastronomycourses.
andalsostudiesof regionselsewherem ourgalaxywhere
astronomerssuspectthatnewstarsarebeingformed havingminimalscienceandmathematicsprerequisites.whicharerecommendedfor thosehavingageneralinterest
Spaceobservatoriesarebecomingincreasingly_mportant

mastronomybut whoareundecidedaboutchoosingit asa
tools of astronomyOneof the maiorm_lestonesof modern
astronomywasthelaunchingof the HubbleSpace malor.However.suchcoursesarenot essentialfor astrono-

my majors,sinceschoolsofferingastronomyasa major
Telescope_ntoEarthorbit bythe SpaceShuttle.TM_stele- field alsohaveintermediate-levelcoursesinastrophysics
scopehasthe potentialto be50timesassensitiveas the Thesecoverthe samesubiectareasasthedescriptive
largestground-basedtelescope._nadditionto hawng10 astronomycourses,but withcollegephysicsandcalculus
t_mesbetterresolution,and_sableto observeultraviolet

asprerequisitesIn theiuniorandsemoryearsandin grad-
waveiengtt_snotobservablefromtheground.TheCompton uateschool,astronomymaiorstakemoreadvancedphysics
GammaRayObservatory_sproducings_m_lartylarge andmathematicscourses,aswell asmorespecialized
advances_nourcapacityto studygammarays.themost

astronomycoursesTheselatterincludecelestialmechan-
energeticform of electromagneticradiation Similarobser- _csstellaratmospheres,galacticstructureanddynamics.

vator,'esfor the X-ravandinfraredwavelengthrangesare generalrelativityandcosmology•andotherspecialties.
)lanned



As is true in physics,researchin astronomyusually Peoplehavingtraininginastronomywitll B.S or MS,

requiresa Ph.D,degree,Althoughmanyastronomersuse degreesmayfind employmentin appliedareassuchas
largetelescopesat majorobservatories,this is byno means spaceflightmissionplanning:asassistantsto research
theonlymajor researchactivityinastronomy,Theoretical astrophysicistsat observatories,universities,andgovern-
astrophysicists(includingcosmologists)usecomputersas ment laboratories:in teachingastronom/at thehigh
their majortools.Manyastronomersuseinstrumentsflown school,juniorcollege,anduniversitylevel;andinplanetary-
onaircraft,balloons,rockets,andspacecraft-- or even umsandmuseums.
undergroundneutrinodetectors,Astronomerswhoobserve
X-rays,gammarays,andenergeticparticleradiationsoften
havemorein commonwithhigh-energyphysiciststhan
with conventionalvisible-lightastronomers.

Neptune.currentlytheouter-
mostplanetin thesolarsys-
tem,anditslargestsatellite.
Triton,wereimagedclose-up
byNASA'sVoyager2 space-
craftinAugust1989Four
timesEarth'sdiameterbut30
timesEarth'sdistancelrom
thesun,Neptuneis invisible
tothenakedeyeItwasnot
evendiscovereduntil1846
andappearslittlelargerthan
theresolutionlimitofeventhe
largestground-basedtele-
scopes,Spacemissionssuch
asVoyagerinvolvelarge
numbersofscientists,engi-
neers,andmathematicians
(NASAphotographs)



HealthPhysics ofprovidingradiationprotection.Understandingthemecha-
ntsmsui :adiationdamage,developingandimplementing

+" _" methodsandproceduresnecessarytoevaluateradiation
hazards,andprovidingprotectionto humansandthe envi-

Healthphystcs,sanotherexampleof aninterdisciplinary ronmentfrom unwarrantedradiationexposurearealsocon-
field Healthphys+csJsconcernedwith theeffectsof high- cernsof the healthphysicist.
energyrad_ataon(anareaof physicslon humanhealth(b_ol-

ogy) Types of Work

Energeticsubatomicparticles(electrons.protons,neutrons, Implementationof healthphysicsconcernsfalls intofour
andatomicnuclei)andelectromagneticradiations(X-rays areas:research,operation,education,andenforcementof
andgammarays)canproduceharmfuleffectsin humans governmentalregulations.Somehealthphysicistsspecial-
andotherliving organisms.Healthphysicsis theprofession izein onlyoneofthesefields:however,mostfindthem-
devotedto the protectionof humansandthe environment

selvesengagedinall four.
fromunwarrantedradiationexposure.Ahealthphysicistis
apersonengagedinthe studyof theproblemsandpractice

Scienhstsandtechnicians
whoworkwithradioactive
and/or toxic materialsuse
glove-boxes,suchasthat
shownhere,toavoidcontact
wflhthematenatsandtopre-
venttheacciczentalreleaseof
tTazardousmaterialsinto
theoutstdeenvtronment.
(RockwellInternahonalphoto-
graph)



In operations,healthphysicistslimit personnelexposureto Educational Requirements
radiationby controllingthe time.distance,andshielding

Toqualifyfor acareerinhealthphysics,youmust havea
designat radiationfacilitiesandinthe radiationworkenvi-

basiceducationin physicalscienceplustrainingin specific
ronment.Theymonitorfor the presenceof radiationand

areas.Highschoolstudentswho wantto preparefor techni-
preventthespreadof contamination.Thesecontrolmeas-

cal or universitycoursesin healthphysicsshouldfollowan
uresareusedat accelerators,reactors,hospitals,andinthe

academicprogramthatemphasizesmathematics,chem-outsideenvironmentto evaluateradiationreleasedinthe

air, soil,andwater.Theyareresponsiblefor maintaining istry, physics,andbiology.
radiationexposureto thelowestpracticablelimits.To Technicaltrainingin healthphysicsis availableat technical
ensurecontrolmeasuresareeffective,areasareperiodically schools,vocationaltrainingcenters,andsometimesfrom

monitoredwith radiationsurveyequipment,andthe expo- employers.Approximately80technicaltraininginstitutions
suredetectedbypersonneldosimetersis determined, andseveraluniversitiesofferprogramsin healthphysicsor

relatedfields.One-andtwo-yearprograms(someleading
Healthphysicistsconstantlyresearchnewandbetterways

to anassociatedegree)includesuchcoursesas radioactivi-to understandthebehaviorof radiationandits interaction

with theenvironmentandthe humanbody.Theyare inter- ty andradioactivedecay,radioactivecontaminationcontrol,
environmentalradioactivity,nucleartechnology,andradia-

estedin waysit canbeusedbeneficially,suchasto diag-
tion health.

noseandtreatdiseaseslikecancer.Also,manycountries
areinterestedinhow radiationcanbeusedin foodpreser- Experiencedandcompetenttechniciansareeligibleto quali-
vation,in poweringsmallequipmentsuchas pacemakers, fy for certificationas HealthPhysicsTechnicians.Thecerti-
aswellas in manyotherindustrialapplications.Improve- ficationis awardedbytheNationalRegistryof Radiation
mentsin radiationdetectionmethodsandequipmentmake ProtectionTechnologists.

the controlmeasuresmoreeffectiveandimprovetheability To qualifyfor professionalstatus,ahealthphysicistmust
of healthphysiciststo evaluatehazards.

earnat leastaB.S.degreein science,with specialized
Educationprogramsfor radiationworkersareprovidedby coursesin physics,mathematics,chemistry,nuclearengi-
the healthphysicistto promotethesafehandlingof neering,biophysics,medicalphysics,andradiationbiology.
radioactivematerialsandto reducethespreadof contami- Morethan50 universitiesoffereitherB.S.,M.S.,or Ph.D.
nationwhereradioisotopesarein use. degreesin healthphysicsandrelatedfieldssuchasradia-

tion biologyor radiologicalphysics.Graduatedegreesare
Healthphysicistsenforcethe radiationprotectionguidelines
establishedby variousstateandfederalagencies.These usuallyrequiredfor researchandteachingpositions.
guidelinesprovidelimitsfor permissibleexposureto radia- Undergraduateandgraduateprogramsfocus oncurricula

that includeinteractionof radiationwith matter,nuclear
tion workersandthe generalpublic,bothin routinesitua-

physicsandengineering,physiologyandgenetics,radio-tionsandinthe caseof anaccident.Healthphysicistsare
employedbyfederalagencies(suchasthe Nuclear chemistry,andradiobiology.

RegulatoryCommissionandthe EnvironmentalProtection Financialassistanceis sometimesavailablethroughfederal
Agency),stateagencies,healthdepartmentsandenviron- andstategrantsandscholarships,as wellas teachingand
mentalcontrolagencies,universitiesandresearchlaborato- researchassistantships.Professionalhealthphysicistsare

, ries,hospitalsandmedicalcenters,andvariousindustrial alsoeligibleto receivecertificationfor competenceand
facilitiesincludingnuclearpowerplants.Somehealth experienceinthe field.TheAmericanBoardof Health
physicistshaveconsultingfirms thatprovideexpertisefor Physicspreparesandadministersthewrittencertification
medicaland/orindustrialinstallationsthatdonot employ examination.
full-timehealthphysicists.



ComputerScience bers.Finally,the differenceengine,whichwasusedto auto-
maticallycomputeandprint out mathematicaltablesthat

byRosilynSeay wereaccurateto fivesignificantdigits,wasdevisedby
CharlesBabbagein theearly1800s.Modernelectronic

Computerscienceis anotherexampleof aninterdisciplinary
field,havingits originsin mathematicsandelectricalengi- computerswerefirst developedduringthe 1940s.Theearli-

estmodelswereessentiallyone-of-a-kindmachinesthat,
neering.Computersci,nceis oneof the mostexciting,chal-

lenging,andadaptabledisciplinesin existencetoday.It is althoughexperimentalin nature,wereusedfor practical
applications.alsooneof the newest.Theboundariesofthe fieldareso

pliablethat theyoverlapalmostanyothertechnicalfield. In Developmentsinsolid-stateelectronics,includingfirst the

fact,nearlyall technicalfieldsdependon, or benefitfrom, transistorandthen integratedcircuits,madepossiblethe
the useof computers, explosivedevelopmentof smallerandmorepowerfulcom-

putersbeginningin the 1960s.Themicrocomputeror per-
Althoughthe fieldsof computerscienceanddataprocess-

sonalcomputer(PC),weighingonlyafewpounds,hasfar
ingarenewas technicaldisciplines,the conceptsusedin

morecomputingpowerandcapabilitythanthe earlyvacu-
computingarenot.Assoonascommercedevelopedin

urn-tubecomputers,whichfilled entirerooms,usedthou-
earlysocieties,peoplerecognizedtheneedto calculateand

sandsof wattsof power,andcostmillionsof dollarsto
to keeptrackof information.Theysoondevisedsimple

buildandmaintain.
computingdevicesandbookkeepingsystemsto enable
themto add,subtract,andrecordsimpletransactions.The As recentlyasthe late1970s,theaveragepersonrarelyhad
abacus,whichappearedboth inancientEgyptandin China, directcontactwitha computersystem.Typically,payroll

could beusedto add,subtract,multiply,anddivide.The wascomputerprocessed,andgradeswereprocessedand
first mechanicaladdingmachinewasdevelopedin 1642by printedoncomputerforms.Someretailstoreshadcomput-
the FrenchphilosopherandscientistBlaisePascal.Some erizedbillingsystems.Thesituationhaschangeddramati-
50yearslater,the GermanmathematicianGottfriedLeibnitz cally.Morethan halfof the UnitedStateslaborforce is now
producedthe first mechanicalcalculatingmachinethat in informationoccupations-- jobs that"create,manipulate,
couldmultiplyanddivideaswell asaddandsubtractnum- or use"information,orworkwith technologiesthatdo

Monitor

Blockdiagramofatypical
computersystem,showingthe
majorcomponentsandtheir

ExternalData interfaces.Componentsout-
Storage sideofthecentralprocessor

andmemoryareoftencalled
peripherals;otherdevices

Communications besidesthoseshownherecan
beused.

Floppy
Drive

Input

.... t
......... r_,_,;_ /

Rill Iil I I

Keyboard



Acomputerprogramis best

visualizedanddevelopedby umbers,labeledn=1,2,...10,withvalues
meansofaflowdiagram.As renheltiintoacorrespondinglistof10values i
shownhere,thebuilding teesCentigrade.blocksofthediagraminclude
startorstopinstructions,
inputoroutputinstructions,
process(computation)
instructions,anddecision
(branchpoint)instructions.
Thesecanbecombinedin
variouswaystoachievethe
desiredresult.

ComputerProgram
BuildingBlocks

thesethings.Aspointedout by JohnNaisbittin hisbook, advancedapplicationsincludecomputer-aideddesignand
Megatrends,the UnitedStateshaschangedfroman drafting,computer-controlledmachinetools,automatic
industrial-basedsocietyto onebasedoninformation, pilots,andguidancesystemsfor airplanesandspacevehi-
Computersanddataprocessinghavegreatlychangedhow cles.Thefast-developingfield of roboticsis anexampleof
industries,governments,educationalinstitutions,and oneof thenewer,mostcomputer-intensiveengineering
everydaypeopleperformtheirworkandevenhowthey specialties.

play.Computersinstantlyperformthe mostcomplicated Futureapplicationsof thecomputerareboundedonly by
mathematicalcalculations,makecomparisons,bring the limitationsof humanimaginationandcreativity.This is
togetherdifferentinformation,andevenchoosebetween

whatmakesthecomputerfieldexciting.Themanycurrent
listsof alternatives.Everydayexamplesincludecomputer- andpotentialusesof thecomputercreatevariedchoicesfor
izedairlinereservationbookings,automatic24-hourbank-

thoseinterestedin takingadvantageof,andmakingthe
ingmachines,word processors,andvideogames.More



SoftwareengineerWalter
Robinson_sstTowntestinga
SpectrometerflTtedace
ModuleiS/M)lotthetmagmg
SpectrometricObservatory
Computer(ISOC)attheNASA
MarshallSpaceFhghtCenter

mostof. thesemachines.Themanyapplicationsof the

computermakethe careerchoices,andtypesof people
appropriateto these,verynumerous.In general,however,
academicspecialtiesthataremostdirectlyapplicable(in
additionto ComputerScience,whereoffered)include
ElectricalandElectronicEngineering(for thedesignof new
computersystemsandintegrationof thesewithothersys-
tems)andMathematicsandInformationSystems(for the

applicationof computersto computationandothertasks).

Typesof Work

As mentionedpreviously,ComputerSciencecoversawide
rangeof occupationalspecialties.However,threemajorcat-
egoriescovera largeportionof thesecareeroptions:(1)
designandmaintenanceof computersystems(hardware);
(2) designanddevelopmentof computerprograms(soft-
ware);and(3) applicationof computersto othertechnical
fields(interfacingandintegration).Thefollowingaremore
detaileddescriptionsof somespecificoccupations.

ComputerDesign--The designof newcomputersis driven
by currentandanticipatedapplicationsrequiringoneor
moreof the following:greatercomputationalcapability
(fasterspeed,largermemory,higheraccuracy);lessersize,
weight,andpowerconsumption;higherreliabilityandresis-
tanceto adverseenvironments;andadaptabilityto awider
rangeof applications.Computerdesignerstypicallyhaveat ---------EE
leastB.S.degreesinelectricalor electronicengineering, ..... _,_,'-"

withemphasison solid-statedevicesandtheir computer
applications.Aknowledgeof the mathematicalbasisof
computing,andof computerprogramming,is also
desirable.

MathematicianValerieL. ThomasofNASA'sGoddardSpaceFlight
Centerstudiesglobalwarmingtrendsdepictedt_ytheimages
generatedfloradatacollectedmtheGreenhouseEffectDetection
Experiment(GEDEX).



ApplicationsProgramming_ Theapplicationsprogrammer DatabaseSpecialist-- Adatabase,by definition,_sasetof
writescomputerprogramsfor specifictasks inbusiness, computerrecords(files)thatare logicallystructuredand
government,science,or engineering.Thispersonsupplies logicallylinkedto eachother.Adatabasemanagementsys-
the"thoughts"to computersthatenablethemto perform tem(DBMS)enablesacompanyor organizationto orga-
thesetasks.Thatis, the programmerplansandorganizes nize.catalogue,locate,store,retrieve,andmaintainthe
theproceduresacomputerwill followto carryout atask. informationit]adatabase.
Forjobs in organizationsusingcomputersfor scientificor

Therearethreemajorjobclassificationsin the database
engineeringwork,programmerstypicallyarecollegegradu-

area.The databaseadministratoris responsiblefor design-
ateswithdegreesinmathematics,computerscience,

ing, developing,andadministeringthe useof thedatawith-
physics,orafield of engineering,Forjobs in businessor

in thedatabase.Thedatabasesystemsprogrammer
governmentthatdealwith lesstechnicalapplications,

overseesthedatabasepackagefrorn thesystemsprogram-
degreesinbusinessadministrationor accountingmaybe

ruingpointof view.Thisincludesperformingafeasibility
appropriate,but courseworkshouldincludecomputerpro- studybeforethepackageis purchased,installingthe pack-
gramming,mathematics,dataprocessing,andstatistics.

ageonthe computerandmakinganyadditionalchanges
ComputerOperations_ Thecomputeroperatoris the per- necessarysuchas definingtheparametersof thesystem,
son directlyresponsiblefor runningthe consoleor main andfinallydebuggingit. Thedatabaseprogrammeranalyst

terminalof thecomputer.Thesedutiesincludestartingup mustknowall the computerinstructions(commands)ina
the computer,submittingcomputercardsor magnetic standardDBMSpackage,mustunderstanddatabasecon-
tapespreparedbythe programmerto thecomputer,and cepts,andmustknowhow to structurethe programsso
the operationandmanagementof thecomputerperipherals that theycanbelinkedtogether.In manycompanies,these
(hardwareconnectedto the computer)suchas printers, functionsareoftenpertormedby oneindividual.Database
tapeanddiskdrives,plotters,andvideoterminals, personnelgenerallyrequireafour-yearcollegedegree.
Generally,the computeroperatordoesnot needadetailed However,sincecoursesofferedat collegesinthis specialty
knowledgeof the internalworkingsof thecomputer,orof are limited,ageneralbackgroundin computersandpro-
computerprogramming,andacollegedegreeis not usually grammingis mostappropriate.

required.Ahighschooldiploma,plustrainingin the opera-
SystemsProgrammersm Asystemsprogrammeris

tion andmaintenanceof thecomputer,is usuallysufficient.
responsiblefor maintainingtheoperationsystemof the

CommunicationsSpecialists_ Communicationsinvolves computer;this is the basic,internalsetof programsthat
linkingseveralcomputerstogether,accessinga computer enablesthe computerto accept,process,store,andoutput
froma distance(requiringspecialhardware,sucil astele- data.Theseprogramsmust beoperationalbeforethe com-
phonemodems),andusingthe computerto manipulate putercanacceptanduseapplicationsprograms.Generally,
nonlocalhardwaresuchas satellites,for example.There_re asystemsprogrammermustunderstandthe hardwareof

severalpossibilitieswithincommunications.Toproduce the computerandthe interactionswithapplicationspro-
plansfor acommunicationsnetwork,systemsdesignengi- grams.Today,at leastafour-yeardegreeandpreferably
neersdrawonanin-depthknowledgeof equipmentproto- severalyearsof experiencein programmingof the particu-
cols,communicationsfacilities,corporatedesires, larcomputersystemarerequired.Thepreferreddegrees
applications,andbusinessmanagement.Thecommunica- are incomputerscience,mathematics,orengineering.
tionsprogrammeris a specialistin communicationssoft-
ware.Thisindividualprovidesprograms,or software,both
for newproductsandfor aidingin theintegrationof vendor
packagesto providethe intelligencewithin thedatanet-
work. Thecommunicationstechniciantroubleshootsa

hardwareproblem,performsadiagnosticanalysis,andthen
eitherrepairsthetroubleoroverseesthe repairbytheven-
dor.Most communicationsspecialistscomefrom other
fieldssuchas systemsprogrammingor operations.



ElectricalandElectronicEngineering _v/tflWv_¢_:SJrd _;tL/g,_m_J!fl
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Electricalengineeringandelectronicengineeringarethe tvp_c,tld_:ctll(,p4)_f_'lsub-
applicationsoutgrowthof the branchof physicsconcerned st,It/on.wh/£/?h,llldlt?,%"flldl!J//mfl/o/_so/w,flts_1p_:_l,,t,tAt
with electricityandmagnetism.Initially.(beginningin the Z_ottom_s_17_gtllvmagmhed
latterpartof the19thcentury),electricalengineeringwas v/_ el_ t_p/c,_ls_l/con-
concernedwith the designanddevelopmentof such based_nteg:at_,.dci:cu/t.
devicesaselectricmotorsandgenerators,electricaltrans- wlT/cl_measuresonly4_4

missionsystems,andelectriclighting.Someof theearly m/llimete:sinsizeand• wl_osepowerlewI ismea-
practitionersof the fieldincludeThomasEdison,Nikola suredinfnilhwaits(thou-
Tesla,GranvilleWoods,CharlesSteinmetz,andLewis sandthsola watt)Thisch_p
Latimer. isanAnalogPfogfaltlfitabl¢

Vector-MatrixMultiplier
Thelaterdevelopmentofelectronics,whichatfirst used Array,des/gnedandbuiltat
vacuumtubesand,morerecently,solid-statedevices,origi- theNavalResearch
natedinthe earlypartof the20th centuryandwaslargely Laboratory(Courtesyel

drivenbythe radiocommunicationsdemandsof World F Kub,NRL)
WarI. Theprimaryfocuswason increasingthetransmis-
sion frequency(decreasingthewavelength)in orderto
reducethesizeof theantennasandthe powerrequirements
of radiocommunication.Theassociatedresearchresulted

in the developmentof the vacuumtube,thefirst majorelec-
tronic device.Initially,electricalengineerswereclassifiedas
radioengineers,telephoneengineers,or powerengineers.

Duringthe eraof WorldWarII, furtherreductionsin trans-
mittingandreceivingradiowavelengthsledto the develop-
mentof radarandalsoto peacetimeapplicationsin radio

andtelevisionsystems.Theseandotherrelateddevelop-
mentsledto majorexpansionof thefieldof electricalengi-
neering,resultingin its beingsplit into two majorsubfields,
electricalandelectronicengineering.Electronicengineering
includestheareasoftelecommunications,recording

devices,computers,solid-statedevices,controlsystems,
automation,andinstrumentation.Electricalengineering

includeselectricalpowergenerationandtransmission,elec-
tric motorsandotherelectromechanicaldevices,andelec-

tric lighting.

Asvacuumtubesusheredinelectronicengineering,the

introductionandproliferationof solid-statedevices(such
astransistors,integratedcircuits,andsolid-staterectifiers)
resultedin majorexpansionsof bothelectricalandelectron-

ic engineering.Electricalandelectronicengineeringnow
includea vastvarietyof applications,includingcommunica-

tionsequipment(radio,television,recordingsystems,etc.),
computers,controldevicesandautomation,radar,and
energysourcessuchassolarpowerandnuclear-electric



powersystems,Infact,electricityusedin onewayor dlctaveryhighdemandfor suchskillsin thefuture;there-
anotheris Involvedinnearlyallof ourdailyactivitiesandis fore,the outlookfor electricalandelectronicengineersis

trulyaservantof humanity. It Isverydifficultto imagine verybright,
whatour liveswouldbelikewithoutIt,

Theelectrical/electronicengineerappliesbasicphysicaland Typeso! Work
engineeringprinciples,bothelectricalandmechanical,in Electricalandelectronicengineeringisthelargestfieldof
thedesignandconstructionof electricpowergeneration engineeringatpresent.Areasof specializationincludesolid-
andtransmissionsystems,communicationssystems,auto- stateelectronics,computerdesign,telecommunications,
mattccontrolsystems,computers,andotherelectrical electricpowerandtransmissionsystems,controlsystems,
equipment.Thebasicrequirementsofelectricalandelec- industrialelectronics,andinstrumentation.Thefollowing

tronlcsystemschangeandnewdesignsmustprovidefor aremoredetaileddescriptionsof someofthesespecialties.

thenecessarycapabilities,Forexample,a computing Sol/d-StateElectronicsisconcernedwithdevicesbasedon

machinemustbebuiltthatwillsolveproblemsofgreater semiconductorssuchassilicon,whichareofcentral/roper-
andgreatercomplexityandatthesametimehavea means tanceto electroniccircuitsandsystems.Examplesinclude
of introducingtheproblemintothemachineassimplyas

solid-staterectifiers(for convertingalternatingcurrentto
possible,Electricalandelectronicengineersare Involvedin

directcurrent),thetransistor(usedforelectricalsignal
Adiagrameratypicalelectric almostallaspectsofmoderntechnologyandscientific amplification),integratedelectroniccircuits(containing
powergeneratingstation.In research,includingmedicineandhealth,aerospace,ground

manytransistorsandotherelectroniccomponentsona
additionto theuseeracoal- transportation,andhousing.Hence,thereareexcellent
firedboiler,asshown,other careeropportunitiesIn nearlyall technicallyorientedbusl- singlesemiconductorchip), light-emittingdiodes(LEDs),
heatsources(suchasa computermemorydevices,andelectronicimagingdevices
nuclearreactor)canbeused, nessesandgovernmentagencies.Virtuallyallmodern (suchasthe charge-coupleddevice,CCD).Asexemplified
orthegeneratorcanbepew- homeconveniences,suchasaudiovisualentertainmentsys- by LEDs,CCDs,andopticaldiskrecordingmedia,many
eredbyawater-driventurbine tems,microwaveovens,personalcomputers,andmany electronicdevicesincreasinglyinvolveopticalaswell as
orawindmill,Thedesignof automotivesystemsandaccessoriesarelargelytheworkof

electricalsignalsto meetpresentandfuturerequirements.
suchafacilityinvolvesmany electricalandelectronicengineers.Mostmajorsurveyspre-
typeso/technicalprofession-
als,includingmechanical,
electrical,andcivilengineers.
Considerationsincludenot Scf-.f ToUse
onlymaximizingtheefficiency _ _J_
ofpowergeneration,butalso - - ....
minimizingenvironmental Tnlnsmluion
impacts(suchasmightresult ".... LIne
fromthesmokestackexhaust SmokeStack ..........._e]._¢!_r__out_u!............. .
orfromheatingoftheriver _.r ..............................
water), i

Turbine

CoolingWater ormer

Pump
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ComputerDesign--Designanddevelopmentof computers
presently,andfortheforeseeablefuture,willemphasize
providinga capabilityforprocessingmoredatain lesstime,
whilerequiringlesstrainingandskillonthepartofthe
operator(i.e.,havinguser-friendlyinterfaces).

Telecommunications--Thetheoryandtechnologyof
telecommunicationsincludedatatransmissionbyelectro-
magneticwavepropagation(radiowaves,lasers)andcon-
ductedandguidedsignals(telephones,microwave
waveguides,fiberoptics).Applicationsareincommercial
andotherfixedstationservices,aswellasmarine,aeronau-
tical,space,andothermobilecommunications.Engineers
specializinginthisfieldworktowardsystemoptimizations,
includingwaystotransmitandreceivemoreinformationin
lesstime,overgreaterdistances,and(especiallyinmobile
systems)withlesspower,size,andweightofequipment.

PowerSystems-- Thisfieldinvolvestherequirements,
planning,analysis,reliability,operation,andeconomicsof

Buan Johnson e/ectromcs engineer at the NASA Marshall Space electricalgenerating,transmission,anddistributionsys-
FhghtCenter.;stestingacontrolDoardlottl_eground-basedheld
milliondetechonsystemusedlotshuttlehghtningstudies, terns.Theseprovideelectricpowerfor industrial,commer-

cial,public,anddomesticconsumption.



Instrumentation--- Electrical and electronic techniques are tour years to complete. During these four years, the student

used to make measurements of many physical quantities, will complete at least one year of course work in mathemat-

often not m_tiatlyelectrical m nature (such as temperature, ics (including calculus and dflferenhat equations) and at

pressure veloc_t7or altitude) least one year of basic science (including college pllysics
and chemistry) Other minimum reqt, rements include one

Educational Requirements year of course work ,1 engineenng scmnce (mechanics cir-
cuit analysis, thermodynamics etc.), one-half year of engl-

Students desiring to enter the electrical and electronic engi-

r;eenng professions should begin their preparation =nmath- neenng design and one-half year of course work inhurnamties and social sctences In the second half of the
emahcs and scmnceat least b7 the end of the mghth grade•

four-year course of study, the electrical and electronic eng,-
The stud; of electrical and electronic engineering requtres

neering student may choose to specialize in one or more of
that the student take h_ghschool courses in rnathematms

the following areas, depen ung on tile career field of rater-
and scmnce (incluchr_galgebra trigonometry physics and

est computer design, robotics, power systems, electro-
che._str./! and other college-preparatory sublects It Jsvery

tmport_nt that the student learn to entoy as ,,'/ellas be able magnehc field theory• commurucations systems, circtut
theor/ solid-state electronics, autornatm control systems.

to appi7 the pnnc,otes of mathematics and scmnce
optical electronms, and others.

Upon co_nplehonof h_ghschool the stuclenl enrolls m an

engineering college and a curriculum that requires at least



MechanicalEngineering
byRickeyJ.Shyne

Mechanicalengineeringis the broadestof all theengineer-
ingdisciplinesandIssecondonlyto electricalandelectron-

icenoIneerlngInnumberof peopleemployed,It tsan
outgrowthof the branchof phystcsknownasmechanics,
whichdealswiththepropertiesandmotionsofsolidbodies '_
andof fluids.Mechanicalengineersareinvolvedinthe
designanddevelopmentof machinery,whichmayeither
generatepoweror useit byconversionintoamoreuseful
form.Examplesincludeinternalcombustionengines,
steamandgasturbines,jetandrocketengines',heating,air
conditioning,andrefrigerationsystems;automobiles,air-

planes,trains,andsubwaysystems;manufacturingequip-
ment,computer-aideddesignandmanufacturing,robotics,

Mechanicalandcivilengineersusetheprinciplesofmechanics(a
andothers, branchofphysics)todesignstructures_nthemostefficientman-

Otherfieldsthatareoutgrowthsof mechanicalengineering net,thatis, toachievethegreateststrengthwiththeminimum
amounto!material.Atypicalexampleisshownhere,illustrating

includeaerospaceengineering,nuclearengineering,mate- howthestrengtho!agivenstructuralelementcanvarydepending
rialsengineering,metallurgicalengineering,andstructures onhowit isused.
engineering,ThereIsalsomuchcommonalltybetween
mechanicalengineeringandcivilengineering.

_ wt,'w n,ewep
# ,qml&

Atypicalmechanicalengi- ,,_

neeringdrawin#Anengineer _ ....[.

wouldgivethistoa machinist
tohavethepartsmade.
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[
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Types o/Work

Toprovidea properperspectiveof whattile mechanical
engineeringdisciplineincludes,afewof itsspecialtyareas
arehighlightedbelow.

AutomotweEngineer--.A met ,micalengineerwhois

involvedin thedesignof veh ._c_andenginesforautomo-
tive needsof thefuture,A, ,emotiveengineersdesignevery

partof the automobilefrom somethingassmallas adoor _'___ _

latchto sornethingas largeas theengineor thefrontand

rearbumpersystems, .c
i ..,,..==

Mon/tord_spiako/a three-dJmenslonaiengineeringdra_,Jngdevel-
opedw_thAutoC.AD_ computer-a_deddesignanddraftingsoftware
(CourtesyofAutodesk,Inc) "....

BiomedicalEngineer_ Thisspecialtyofmechanicalengi-
neeringdealswith theapplicationof mechanicsand/orfluid Computertechnologyhasresultedms_gnificantchangesinthe
flowto the medicalfield,Thismayincludedesigninga waysJnwhichengineersandarchitectsgoabouttheirdesignwork.

Previously,thehallmarkofthemechanicalorcivilengineerwasthe
mechanicalpumpfortemporaryreplacementof thehuman draftingboard,oi7whichnewdesignsweredrawnbyhand(top)
pump-- the heart-- or designingreplacementparts Now,computer-aideddesignanddraftinghaslargelydisplaced
(prostheses)for failedor fragilehumanlimbs, handdrawing_nmostareasofengineering(bottom),(Photographs

takenatofficeso/JacksonandTutl.CharteredEngineers)
RuidsEngineer-- Amechanicalengineerwhospecializes
inthedesignand/ormanufacturingof fluid flowsystemsor
processes.Forexample,this personwoulddesignawater
pipingsystemfor a newbuildingperspecificationsfroma
generalcontractor.





2%_,ii

Electricalengineers,
mechanicalengineers,and
civilengineersworktogether
todevelopmodernrapid

, transitsystems.

SystemsEngineer-- Thisspecialtyof mechanicalengineer- college-preparatorycurriculum,which includesalgebra,
ing is concernedwith the designandanalysisof mechanical geometry,trigonometry,pre-calculus,calculus(if offered),
or thermalsystems.Thesesystemsareusuallyexperimen- biology,chemistry,physics,andcomputerprogramming,in

tallyor mathematicallymodeledbythesystemsengineerto additionto English,history,andcomposition.Participation
determinetheir particularperformancecharacteristics, inschool-sponsoredsciencefairsandexhibitsalsowill pro-

videthe studentwith valuableexperienceinthe engineering
Mechanicalengineersareemployedacrossthespectrumof thoughtprocess.
governmentagenciesandprivateindustry.Becauseof the
greatbreadthof thefield,mechanicalengineersfind Onceincollege,mechanicalengineeringmajorswill be
employmentina greatvarietyof technicalendeavors, requiredto takefundamentalcoursesinmathematics,
Governmentemploymentof mechanicalengineersranges includingcalculus,differentialequations,andlinearalgebra,
from researchanddevelopmentpositionsto careersin aswellas in the sciences,includingct,3mistryandphysics.

intelligence,dependingontheagency.Theemployment Additionalcoursesin engineeringgraphics,computersci-
opportunitieswithin privateindustryareunlimited,anda ence,English,history,andhumanitiescourseswill betaken
mechanicalengineeringgraduatecanexpectenormous inthefirst twoyears.Themajorityof themechanicalengi-
flexibility in selectinga placeof employment, neeringcoursestakenin thejuniorandsenioryearsin col-

legecanbespecializedto fit a student'spersonalinterests

EducationalRequirements and/orstrengths.Studentscanspecializefurtherby pursu-
inga graduateprogramin theirareaof careerinterestand

Pursuinga majorin mechanicalengineeringwill requirea expertise.
studentto haveasolid mathematicalandscientificfounda-

tion. Interestedhighschoolstudentsshouldpursuea
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i CivilEngineering

_ i b.yJamesM Sawyer

'" Civilengineeringinvolvesthedesignandconstructionof
largestationarystructures.In westernhistory, it is anout-
growthof militaryengineering.However,its principleswere
appliedinancienttimesto buildthe citiesandtemplesof
antiquity.Civilengineeringis theoldestbranchof the pro-
fessionasit is knowntoday.

Moderncivil engineeringis concernedwith publicworks

suchashighways,bridges,tunnels,harbors,dams,andair-
fields.Civilengineersassistin thedesignanddevelopment
of central-cityareas,includingsewagesystems,andtrans-

portationsystemfacilitiessuchas roads,subwaytunnels,
andairportrunwaysandterminalfacilities.Theyworkwith
architectsin thedesignof buildingsandwith mechanical

TheKeyBridgein Washington.D.C..is atypicalexampleo!the engineersin thedesignof transportationsystems.
designworkofcivilandstructuralengineers.(CouflesyofJackson
andTuff.CharteredEngineers) Typesof Work

Togainmoreinsightintocivilengineering,thedifferent

specialtiesofthisfieldwillbeexamined.Adamprojectwill
beusedasanexampleindefiningthesespecializedareas.

Thishopefullywillaccomplishtwoobjectives.Thefirstis to
helpclarifythedefinitionof thespecialtybygivinganexam-
pleof howitis usedona project.Thesecondobjectiveis to
showhowthedifferentspecialtiesinteract.It is rare,in
moderntimes,for aprojectnotto requireseveraldifferent
engineeringspecialtyareas.

HydraulicsEngineer-- Thisisa civilengineerwhospecial-
izesinthestudyof waterflowandthedrainagepropertiesof
watersystems,naturalandartificial.It is thecalculations
madebythispersonthatdeterminethatadam isrequired
to controlthefloodingona river.Thehydraulicsengineer
wouldalsodeterminewhereontheriverthedamwouldbe

locatedandhowhighitshouldbe.

StructuralEngineer-- Thiscivilengineerspecializesin
examining,byuseof mathematics,theforcesactingonany

largestationarystructure,inthiscasethedam.Afterthe
forceshavebeendetermined,thestructuralengineerthen

C_vilengineersandstructuralengineersareinvolvedinmanypub- definesthe typeandsizeof thematerialsusedto resistthe
lic worksprolectssuchasthisone.whichis thereconstructionof forces.Thewholeprocessis calledstructuraldesign,This
theMinnesotaAvenuebridgein Washington,D.C.(Courtesyof processdiffersfromarchitecturaldesignin thatstyleand
JacksonandTull,CharteredEngineers) appearancearenot primeconcerns.



;oils Engineer-- Therearehundredsof differenttypesof Therearethreemainemployersof civil engineers:govern-
oil androck.Eachhasitsparticularpropertyunderpres- mentagencies,engineeringconsultingfirms, andconstruc-
ure.Thesoilsengineerexaminesthesoil androckatthe tion companies.Theconstructionengineersareusually
.iteof the damandcalculateshow muchweightthis mate- employedby constructioncompaniesasestimators,sched-
ialcantake.Thispersonalsowill designorassist in the ulers,surveyors,andconstructionmanagers.Consultants

iesignof thefoundationof the dam.Soilsengineersspe- usuallyofferspecializedservicesto theircustomers.
:iali_zein thestudyof soilandrockpropertiesastheyrelate Therefore,onemayfind anyor allof thespecialtyareas

o supportingtheweightof largestationarystructures, mentionedonthestaffof a consultant.

_onstructionEngineer-- Whenall the designsarecorn- Governmentagenciesoftenprovidea specializedserviceto
fleteandthe drawingsaremade,thisengineer'sjob starts, societyandthereforewill requiretheemploymentof differ-
he constructionengineerestimatesthe costof the project enttypesof engineers.Forexample,workingfor theCorps
_ndthenplans,schedules,andmanagestheactualcon- of Engineerswill eventuallyleadanewgraduateto a spe-
;tructionof thedam.Thiscivilengineeringspecialtyis con- cializationinoneof the areasdiscussedin thedamexam-
',ernedwith the businessaspectof the projectaswellas the pie.Workingfor anyof theStateDepartmentsof Trans-
echnicalaspects.Contractnegotiationsandconstruction portationcould leadto acareerasa structural,traffic,
;equence,as wellas materialqualityandspecifications,are highway,or constructionengineer.Employmentwitha city
ill partsof this person'sjob. or townmayleadto a specializationin municipalor sanitary

engineering.Thesearejusta fewof thepotentialemployers
_,11of thecivil engineeringspecialtiesdiscussedaboveare

of civilengineers.Therearenumerousprivatesector
'equiredto bringadamprojectfrom inceptionto comple-

employersin additionto consultingandconstruction
:ion.Thesameengineerswith the possibleexceptionof the

companies.
lydraulicsengineerwouldberequiredonany largecivil

,=ngineeringproject.Listedbelowarethe othermajorspe- EducationalRequirements
_ialtyareasofcivilengineering.

Tobecomea civilengineer,youmuststartpreparations
trafficEngineering_ Thisinvolvesthedesignofstreets

earlyinhighschool.As inalltechnicalcareers,mathemat-
=ndtrafficcontrolpatternsinmajorurbanareas.

icsandsciencearethefoundationsof civilengineering.A
-/ighwayEngineering_ ThisspecialtydealswiththeIoca- studentplanningtomajorinthisfieldincollegeshouldtake
ionanddesignof majorhighways, allof themathematicsofferedinhighschool,including

;anitaryEngineering--Theenvironmentalmovementof algebra,geometry,andtrigonometry.Also,the basicsci-
he1960sand1970shelpedto createthisareaofspecial- ences,biology,chemistry,andphysics,shouldbetaken.
zation.Thisengineerdesignsandmanageswastewater Aswasmentionedearlier,it ispossibleto becomepartof a

nanagementandcleaningsystems, specializedareaofcivilengineeringbyadvancedstudies.
Mostuniversitiesoffergraduate-levelcoursesin mostofWunicipa/Engineering-- In orderto managethedesign
thespecialtyareas.Forexample,it ispossibleto receivea|nidconstructionof thenumerouscivilenginee_ingprojects
MasterofSciencedegreeincivilengineeringwitha concen-hat oftenarerequiredinurbanareas,citiesandtowns
trationin soilmechanics.Thisadvancedstudyapproachis

,=mploytheirowncivilengineers.Theseengineersdealwith
recommendedifyouintendto pursueacareerasaconsult-

I widerangeof projectsfromwatersupplyto street
_aintenance. ingengineer.

_,gain,it shouldbestressedthatallof the specialtyareas
Jiscussedarea partof thecivil engineeringdiscipline.In
Jndergraduatestudyin civilengineering,mostof the differ-
,,ntspecialtyareasarecovered.Theareathatoneeventually
_pecializesinas acareerwill dependon personalprefer-
,,nce,advancedstudies,and/oremploymentopportunities.



Tl,eSpaceSl,utHeist,,yan AerospaceEnaineerina...,
aefosLJacevehicle,in thatit
combinesaspectsofspace byDr GeorqeR Calruthels
anda_rvehicletechnologies.
TheSlTuttlehasreusable Aerospaceengineeringis themodernterminologyfor the
hquid-propellant(hydrogen+ combinationof the fieldsof aeronautical(atmospheric
oxygen)mainengines(atthe flight)engineeringandastronautical(spaceflight) engineerbaseoftheorbitervehicle)
fedbytheexpendable(orange ing. In mostrespects,it hasits originsasa branchof
colored)externaltank. mechanicalengineering,althoughcelestialmechanics(a
Reusablesolid-propellant branchof astronomy)is animportantpartof astronautics
boosters(attachedtothesides (thereinknownasastrodynamics).Aspectsofelectrical
oftheexternaltank)provide engineering(includingcomputers)are increasinglyimpor-
additionalthrustduringthe
earlystagesoffl_gh/.The tantpartsof aerospaceengineering.

reusable_irplane-likeShu/tle Themajorsubfieldsof aerospaceengineeringincludeaero-
orbitermustwithstand
extremelyhightemperatures dynamics,structures,propulsion,andastrodynamics.
whenit reentersEarthsatmo- Thesemaybeappliedto thedesignof aircraftandspace-
sphereattheendofanorbital craft,propulsionsystems,andspaceflight missiontralecto.
flightmission:itsoutersur- ries.At a morebasiclevel,theserestprimarilyupona
face/smadeupofthousands physicalfoundationof mechanics(includingfluid mechan-
o/heatresistant(whiteand ics)andthermodynamics.Mathematicsandcomputersci-black)ceramictiles.

enceare importantin allsubfieldsof aerospace
engineering.

Someexamplesof recentachievementsinaerospaceengi-
neeringincludethedevelopmentof the SpaceTransporta-
tion System,or SpaceShuttle.Majorproblemsthathadto
beovercomeincludeddevelopmentof a lightweight,

reusablethermalprotectionsystem(thermaltiles)andthe
high-performance,multiple-reusehydrogen/oxygenfueled
mainengines.Otherrecenttechnologyadvancesinclude
developmentof morefuel-efficientpassengeraircraftandol
a solar-poweredaircratt.Futureplanneddevelopments
includea permanentlymannedspacestationin Earthorbit,
improvedspacetransportationsystemsto lowerthecost

perpoundof puttingpayloadsin Earthorbit,andfurther
improvementsin thefuel efficiency(andreductionof the
noiseoutput)of passengeraircraft.Aerospaceengineers
arealsoincreasinglyinvolvedin otherrelatedactivitiessuct
asdevelopmentof groundandwatertransportationvehi-
cles,environmentalcontrolsystems,andthe development
of newenergysources.

AerospaceengineersfTavedesignednewjetaircraftforairhneuse.suchastheBoeing757afTd
McDonnellDouglasMD-80shownhere.whicharebothquieterandmorefuel-efficientthanearher
models.



EducationalRequirements ChemicalEngineering
_,erospaceengineeringrequiresafirm foundationin science
]nd mathematics,asdo mostotherphysicalscienceand Chemicalengineersapplytheprinciplesof chemistry,as
_ngineeringspecialties.It is importantto havetakenmathe- wellasthoseof engineeringandphysics,to developmeans
maticsthroughtrigonometryandpre-calculusin high for massproductionof chemicalproductssuchasplastics,
school,aswellas chemistryandphysics,beforeentering syntheticfibers,medicines,anddetergents.Theyhave
college.Thefirst yearof college,engineeringmajorsstart developedmethodsfor the manufactureof awidevarietyof
outwith calculusandphysics.Thecurriculumfor mostof fuels,plastics,andpharmaceuticalsfromcrudeoilandfor
thefirst two yearsis similarto thatof otherengineeringdis- extractinghigh-valuemetalsfromlow-gradeores.Theyare

cip_ines,suchasmechanicalengineering.Majorcourses currentlydevelopingmeansfor producinggasolinefrom
taken(mostlyin the juniorandsenioryears)include coal.
dynamicsof incompressibleandcompressiblefluids,struc-

Thecurriculumof studyfor chemicalengineeringis similar
tures,propulsion,astrodynamics,andaerospacevehicle

to that for chemistry,butincludescoursework in
design, engineering-relatedareassuchasthermodynamics,fluid
Aerospaceengineerswith B.S.degreesareemployed dynamics,processdesign,andcontrolandelectronics.
mainlyby theaerospaceindustry;however,somearealso
employedin governmentorganizations.Therangeof
optionsavailablecanbeenhancedbytakingelective
coursesin suchareasas electronics,computerscience,
andphysics.Manypositionsrequiregraduatestudybeyond

the B.S.degree;inparticular,researchoccupationsandcol-
legeteachingpositionsrequirethe Ph.D.degree.

AerospaceengineerSharonFergusonmonitorstheintegrationof BiologystudentStevenWalkerandastrophysicistDr.George
elementsastheAdvancedX-RayAstrophysicsFacility(AXAF)is Carruthersareshownrecoveringtheirsoundingrocketpayloadthe
shownintheShuttlecargobayduringamaintenancecheck morningafteritslaunchatWhiteSandsMissileRange,Thepay-
simulation, loadobtainedfarultravioletspectraofstarsandcarriedanexperi-

menttostudytheeffectsofaccelerationonchlorellaalgae.(U.S,
Armyphotograph)



IndustrialEngineering MetallurgicalEngineering

Industrialengineersanalyzeandplanwaysto increasethe Metallurgicalengineersspecializeindeterminingthe prop-

efficiencyof workers,materials,andequipmentfor the ertiesof metalsandtheir alloys,andtheir applicationsin
mosteffectiveproductionof goodsandservicesinall types usefulproducts.Amongtheirobjectivesaremaximizingthe

of industries.Theyselectprocessesandmethodsto be strength,hightemperatureresistance,andcorrosionresis-
usedin manufacturinga product.Theydevelopplantlay- tanceof metals,andalso minimizingtheir weightandcost
outs for machineryanddecidethe sequenceof makingthe in variouspracticalapplications.Metallurgicalengineers
parts.Standardsfor the performanceof workersandwage alsoseekto improveprocessesfor extractingmetalsfrom
scalesareestablishedby industrialengineers.Morepleas- ores, refiningthemandremovingimpurities,andconvert-
antworkingenvironmentsandimprovedproductivityresult ingtheminto usefulformsfor the manufactureof goods.
fromtheir work.Often,industrialengineersarefound in Theyalsoseekto betterunderstandthe structureof metals
managementbecausetheycanevaluatetechnicalsitua- asabasisfor futuredevelopments.
tions, makeimprovements,andcommunicatewith workers.

FirstimageoftheGlobalBiosphereproducedbycombiningdatafromtwodifferentsatellitesensors.
Oneofthemostnotablefeaturesis thecleardelineationoftheequatorthroughincreasedplantabun-
danceandthedifferencesbetweentheequatorialAtlantic,Indian,andPacificOceans.



CeramicEngineering NuclearEngineering

Ceramicengineersareconcernedwiththe propertiesand Nuclearengineeringis oneof the mostmodernfieldsof
applicationsof a classof inorganicmaterialsknownas engineering;it is an outgrowthof nuclearphysics,butalso
ceramics.Theseincludeglassware,bricks,porcelain,and involvesmanyaspectsof mechanicalengineeringandother
moreexoticmaterials,inapplicationsrangingfrom home engineeringfields.It is primarilyconcernedwith the design,

uses(dishes,decorativeitems,furnacelinings,andcon- construction,andoperationof nuclearpowerplantsand
structionmaterials)to high-technologyusessuchas mis- fuel processingfacilities.Theserangefrom largeelectric
sile noseconesandnuclearreactors.Theceramicengineer powergenerationsystemsandnuclearsubmarinepower
developsmethodsfor processingclayandothernonmetal- plantsto spacepowersystemsbasedon nuclearreactors
IIc materialsintoa varietyof usefulforms andalsostudies oron radioisotopeheatgenerationsystems.Oneof the
the propertiesof thesematerialsanddevelopsmeansof majorfieldsofcurrentactivityis the developmentofmeans
improvingthemfor particularapplications.Forexample,an for controllingthermonuclearfusionasa newsourceof
importantareaof currentactivityisto improvethefracture power.Bythis process,the heavyhydrogen(deuterium)in
resistanceof ceramicssothat theirsuperiorheatresis- seawatercouldserveasa nearlylimitless,cleansourceof
tancecanbeusedto advantageinautomotiveandaircraft energy.Nuclearengineersarealsoinvolvedin otherappli-

engines, cations,suchas useof radioisotopesinmedicine,food
preservation,andradiographicinspectionof metalparts.

PrimaryLoop

Diagramofatypicalnuclear
reactorpowerstation.This
canbeusedinplaceo/the
r, fir,_dh'_ilSecondary ..hal-........ er(shownonPronure

Venal page42)torunane,'_.ctric
powerstation.Anadv._ntage

Steam ofnuclearpoweristh;ttone
poundofuranh,_ni,;,anuclear
reactorrele.',sesasmuch
energyas 1,000tonsofcoal
or5,00f_barrelsofoil.

Radiation get Nuclear engineersareCOO-'Shielding
cemedwiththecontroland
containmentofhigh-energy
nuclearradiationandradioac-
tivematerials,aswellaswith
thehightemperaturesand
pressuresthatarecommonto
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Architecture ethnicgenre.Thearchilect'suniquevisioncreatesthe
estheticsof anoriginal,individualstyle.Beyondthat,envi-

byDallasLaudefdaleandlefoyJ H Brown ronment,typeof buildingorstrtlcture,andlocaledictate
specifics.Mail'sarchitecturalheritage,overtime.canbe

Architectureis theartof conceptualizing,planning,and definedasa pictorialguideto the generationsofhuman
designingstructuresof openandenclosedspacesto house endeavorandprogressandtheirexpressionsof that
the variousactivitiesof humansandmoderncivilization.

progressthroughthemediumof architecturaldesign.
Architectsdesigna widevarietyof structures,suchas Thesedesignsareas diversifiedanddistinctiveas thecowl]-
officebuildings,churches,hospitals,houses,andairports, ponentsof society,moldingtheold, new,andfuturistic;
Theyalsodesignmultibuildingcomplexesfor urbanrenew- curiouslyenrichinganduniquetoeachindividualdesigner
al projects,collegecampuses,industrialparks,andnew combiningconception,ideas,andvision toforman
towns.Besidesdesigningstructures,architectsmayselect innovative,exciting,andcompositewhole.
buildingsites,preparecostandland-usestudies,andcon-
duct long-rangeplanningfor landdevelopment. Designinga buildinginvolvesfar morethanplanningan

attractiveshapeandexterior.Buildingsmustalsobefunc-
Suchbuildingsandotherconstructsbeginwith the design, tional,safe,andeconomical,andmustsuit the needsof the,
planning,andvisionof thearchitect.Mostof themknow peoplewho usethem,Architectstakeall of thesethings
instinctivelywhattheirown particulardesignstyleshould into considerationwhentheydesignbuildings.
be,whetherit beof theromantic,sophisticated,modern,or

Architectsandarchitectural
andcivilengineersarecon-
cemedwiththeplann/ngand
designofnewbuildings.



.andscapearchitectsplanthe b,_stuseof landareasfor SpecificDescription
_uchprojectsas parks,airports,golfcourses,llighways,

The_rchitectandclient firstdiscussthepulposes,require-
_hoppingmalls,andhousingdevelopments,Theyusetrees

ments,andcostof aproject Basedonthe discussions,the
Indshrubsto createa pleasantenvironment,anddesign

art']itect writesareportspecifyingthe requirementsthe
_alkwaysandlighting.Theyadviseonpotentiallanduses,
Inallyzenaturalfeaturesof a site.andworkwithotherarchi- designmustmeet.Thearchitectthen preparescarefully

scaleddrawingspresentingideasfor meetingthe client's
:ectsto harmonizebuildingswith theirsurroundings.

needs.
_rchitectsprovideawidevarietyof professionalservicesto

Afterthe initialproposalsarediscussedandaccepted,the
ndividualsandorganizationsplanningabuildingproject.

architectdevelopsfinalconstructiondocumentsthat irlcor-
hey are involvedinall phasesof development,fromthe
nitialdiscussionof generalideaswith theclient through poratechangesrequiredby theclient.Thesedocuments

showthefloor plans,elevations,buildingsection,andother
',onstruction.Theirdutiesrequireavarietyof skills

constructiondetails.Accompanyingthesearedrawingsof
lesign,engineering,managerial,andsupervisory.Onlarge

the structuralsystem,air-conditioning,heatingandventilat-)rojectsor in largearchitecturalfirms,architectsoftenspe-
',ializeinonephaseof the work,suchasdesignor adminis- ingsystems,electricalsystems,plumbing,andlandscape

eri,ngconstructioncontracts.Thisoftenrequiresworking plans.Architectsalsospecifythe buildingmaterialsand, in
somecases,the interiorfurnishings.In developingdesigns,

vithotherssuchasengineers,urbanplanners,interior
lesigners,andlandscapearchitects, architectsfollowbuildingcodes,zoninglaws,fire reaula-

tionsandotherordinances,suchasthosethat requireeasy

)uringthe pastdecade,the growthof the humanpopula- accessbyhandicappedpersons.Theyalsoworkwithstruc-
ion hasreachedgiganticproportionsandis expectedto tural,civil,andotherengineersas requiredto assurean
eachsixbillionby theyear2000.Suchindicessuggestthat adequatedesign.
heneedfor architectswill expandaccordinglyto planand
tesignhousingfor this populace. Throughoutthe planningstage,thearchitectmaymake

changesto satisfytheclient,whomaydecidethat the
_,rchitecturaldesignshavechangedto meettoday's designis too expensiveor mayproposeadditionsto the
Ixpandingsocietalneeds.Environmentalconditionssuch originalplan.Thearchitectmayalsoassistthe clientin

Isair pollution,acidrain,andwaterpollutionhaveinflu- obtainingbids,selectinga contractor,andnegotiatingthe
tricedoursocietyandproducedanewgenrein architec- constructioncontract.Asconstructionproceeds,thearchi-

uraldesign.Build,_gsmust bedesignedto withstand tect visitsthe buildingsite to ensurethat the contractoris
laturalhazardssuchas windstormsandearthquakes.New followingthe designusingthe specifiedmaterials,andthat
,onceptsin buildingmaterialsandhealthconsiderations the qualityof workmeetsthespecifiedstandards.Thejob is
tvi_lgreatlyinfluencefuturebuildingdesigns.Fortunately, notcompleteuntilallconstructionis finished,requiredtests
:heinnovativestanceof theschoolsof architectureand aremade,andconstructioncostsarepaid.
]ngineering,and_',fcity planners,appearequalto the
;hallenge.



AcademicCurriculumandCareer Studentsplanningacareerinarcllitectureshouldhave

Opportunities someartisticability,at leastto the extentof beingableto
makereasonablefreehandsketches.Theyshouldl]avea

Atypicalcollegearchitectureprogramincludescoursesin
capacityforsolvingtechnicalproblemsandshouldbeable

architecturalhistoryandtheory,design,graphics,engineer-
to work independently.Theyalso mustbepreparedto work

ingandurbanplanning,as wellas mathematics,pllysics,
ina competitiveenvironmentwhereleadershipandability

economics,computerscience,English,andthehumanities.
to workwithothersare importaz_,t,Flexibilityandpatience

In 1985.theNationalArchitecturalAccreditingBoardhad
areneededwhenclientsrejectplansor requestctlanges

accreditedtheprogramsof92 schoolsofferingprofession- afterfinal plansaredeveloped,Studentswhowork for
aldegreesinarchitecture.Most of theseschoolsoffer

architects,engineers,or buildingcontractorsduringsum-
eithera five-yearcurriculumleadingtoa Bachelorof

mervacationscangainusefulexperience,
Architecturedegreeor asix-yearcurriculumleadingto a
Masterof Architecturedegree.Studentsmayalsotransfer Newgraduatesusuallybegininarchitecturalfirmswhere
to professionaldegreeprogramsaftercompletingatwo- theypreparearchitecturaldrawingsandmakemodelsof
yearjuniororcommunitycollegeprogramin architecture, structuresunderthe directionof aregisteredarchitect,They
Manyarchitectureschoolsalsooffergraduateeducationfor mayalsodesign,administerconstructioncontracts,do
thosewho alreadyhavea first professionaldegree, researchon buildingcodesandmaterials,or writespecifi-
Althoughsuchgraduateeducationis not essentialfor prac- cationsfor buildingmaterials,methodsof installation,qual-

ticingarchitects,it is desirablefor thoseengagedin spe- ity of finishes,andotherrelateddetails.Graduateswith
cialtiesor in researchandteaching, degreesin architecturealsoenterotherrelatedfieldssuch

asgraphic,interior,or industrialdesign,urbanplanning.
Allstatesandthe Districtof Columbiarequireindividualsto

civilengineering,or construction.
beregistered(licensed)beforetheymaycallthemselves
architectsor contractfor providingarchitecturalservices. In largefirms,architectsmayadvanceto supervisoryor
Toqualifyfor the registrationexamination,a personmust managerialpositions.Somearchitectsbecomepartnersin
generallyhaveat leastaBachelorof Architecturedegree establishedfirms. Often,however,thearchitect'sultimate
froma programaccreditedby theNationalArchitectural goal is to owna firm.

AccreditingBoardandthreeyearsof acceptableexperience
in anarchitect'soffice.In manystates,the experiencemust

bein the InternArchitectDevelopmentProgram,an
apprenticeshipprogramfor architects.Asa substitutefor
the professionaldegreein architecture,a fewstatesstill
acceptothercombinationsof formaleducationandexperi-
ence(usuallymuchmorethanthreeyears)for admission
to theregistrationexamination,but thisrouteto a licenseis

rapidlybeingeliminated.Manyarchitecturalschoolgradu-
ateswork in the fieldeventhoughtheyarenot registered.
However,aregisteredarchitectis requiredto takelegal
responsibilityfor allwork.







hischapterpresentsexamplesof profes- Dr.ThomasM Alcoze
signalsintechnicaloccupationswhohave
achievedhighstandingin theirfields.You z_/o_l_._t

shouldviewtheseexamplesasencouragement Forthepast threeyears,Dr AlcozehasbeenDirectorof
to taketheproperstepsso thatyou, too, can theCenterforNativeEducationandCulturalDiversityatthe
attaincareergoalsin technicalfieldsandper- CenterofExcellenceinEducatioll.NorthernArizona
hapsmakesimilaroutstandingcontributionsto

University.Asdirector,heis responsiblefor development
society.Intheseexamples,notethatthecom-
monfeatureof all of theseoutstandingprofes- ofteachercertificationprogramsforNativeAmericanandotherculturallydiversestudents, Developmentof culture
signalswastheirwillingnessto studyandwork
hard,andtheir persistenceinpursuingtheir base:Jscienceandmathematicscurriculumusingenviron-

mentalscienceasafocus. Heis alsoadjunctprofessorfor
goalsdespiteobstaclessuchas lackof moneyto
payfor education,discrimination,strongcompe- theSchoolofForestry.
tition, anddifficultyof thecourseworkor occu- Priortoworkingatthe UniversityofNorthernArizona.
pation. Dr.AlcozewasAssociateProfessorof NativeStudiesat the

Thepeoplecitedasexampleswereselected Universityof SudburyinOntario,Canada.Hewasresponsi-

fromcurrentlylivingandactivescientistsand blefor establishingaNativeStudiesdepartmentandNativeSchoolof Socialwork.
engineers;however,AfricanAmericans,

Dr.Alcozehaspublishedmanypublicationsoverthe
Hispanics,andNativeAmericanshavemadesig-
nificantcontributionsto technicalfieldsthrough- past20yearswith hismost recentbeing,"Multiculturalism
out our nation'shistory.Pioneersof thesefields inMathematics.Science,andTechnology:Readingsand

Activities." Dr.Alcozeis currentlyworkingon several
whoarenolongerliving,suchasElijahMcCoy, researchprojects,includingResourceConservationAmong
GranvilleWoods,andGeorgeWashington
Carver,arediscussedin otherpublications, IndigenousNations,whichis anexaminationof contempo-

someof whicharelistedinthe Bibliography, raryscienceandecology.Dr.Alcozereceivedabachelor'sdegreeinBiologyanda

master'sdegreein EnvironmentalBiologyfromthe
Universityof NorthTexasin 1969and1972,respectively.
Dr.Alcozecompleteda doctoratedegreein Zoologyfrom
MichiganStateUniversityin 1981.

:hapterIII.
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Dr.JavierJ. Bautista Col.GuionS. Bluford,Jr., Ph.D.
PhysJc:/_t A_'r_p,_ct_t lp._lmt'er,mJf _m_t'_N._S/_I_,_tmn,_tlt

Dr. Bautistaisthe Supervisorof theAdvancedCryo- GuionS.Bluford,Jr.,wasthefirst AfricanAmericanto
electronicsGroupandResearchTechnologyObjectivesand fly in space,aboardtheeighthtlightof NASA'sSpace
Plan._Managerof RadioSystemsDevelopmentfor the Shuttle(STS-8)in August1983.Heparticipatedin this five.
AdvancedSystemsProgramat theJet Propulsion astronautflight crewasa MissionSpecialist.Heis a
Laboratoryin Pasadena,Calilornia.Hisgroupis responsi- Colonelin the US. AirForce.Hewasselectedasa Mission
blefor theimprovementof theearth-basedreceivingele- SpecialistAstronautby NASAin 1978
mentsof the spacecraft-to-earthcommunicationslinkto GuionS. Bluford,Jr., wasbornin Philadelphia,
meetthe futurenavigation,telemetryandscienceneedsof Pennsylvania.Heearneda B.S.degreein Aerospace
theDeepSpaceNetwork.Thisincludesthedevelopmentof Engineeringfrom PennsylvaniaStateUniversityin 1964.He

ultra-lownoisecryogenically-cooledmicrowaveamplifiers, joinedtheAir Forceandattendedpilot trainingatWilliams
masers,andsuperconductingdevices. AirForceBaseinArizonaandreceivedhis pilot'swings in

SincejoiningtheJet PropulsionLaboratoryin 1981, January1965.Hethenwentto F-4Ccombatcrewtraining
Dr.Bautistahasbeendirectlyinvolvedintheevaluationof in ArizonaandFloridaandwasassignedto the 557th

highcriticaltemperaturesuperconductingmaterialsand TacticalFighterSquadroninCamRanhBay,Vietnam.He
developmentof ultra-lowlossmicrowavefiltersandslow- flew 144combatmissions,65overNorthVietnam.
wavemaserstructures. In July1967,hewasassignedto the 3630thFlying

Priorto workingat theJet PropulsionLaboratory, TrainingWingat SheppardAir ForceBaseinTexas,asa
Dr.BautistawasaSeniorEngineerat TexasInstruments. T-38Ainstructorpilot.Heservedasa standardization/
Heset upthe first productionprototypeFourierTransform evaluationofficerandas anassistantflightcommander.In

InfraredSpectrometer(FTIR)for the characterizationof early1971,heattendedSquadronOfficersSchooland
electronicgradesilicon. Healsodevelopedaprogramto returnedasanexecutivesupportofficerto the Deputy
correlateFTIRdatawith othersiliconcharacterizationtech- Commanderof OperationsandasSchoolSecretaryfor the

niques. Wing.
In 1971,Dr.Bautistagraduatedfrom St,Mary's In August1972,heenteredtheAir ForceInstituteof

Universityin SanAntonio,Texaswithabachelor'sdegreein Technologyresidencyschoolat Wright-PattersonAir Force
physics. In 1974and 1979,hereceiveda master'sdegree BaseinOhio.In 1974hereceivedanM.S.degreewithdis-
anddoctorateinPhysicsfrom MichiganStateUniversity, tinctionin aerospaceengineering,alterwhichhewas

respectively, assignedto the AirForceFlightDynamicsLaboratoryat
Wright-Pattersonasa StaffDevelopmentEngineer.He

servedas Deputyfor AdvancedConceptsfor the
AeromechanicsDivisionandasBranchChiefof the

AerodynamicsandAirframeBranchin the Laboratory.He
receiveda Ph.D.degreein AerospaceEngineering,witha
minor inLaserPhysics,from theAirForceInstituteof
Technologyin1978,anda master'sdegreein Business
Administrationfrom theUniversityof Houston,ClearLake
in 1987.



In 1978.Blufordwasoneof agroupof 35astronaut Dr. Jewel Plummer Cobb
:andidatesselectedby NASA,whichincludedDr.RonaldE.

CellBiologist
_lcNairandCol.FrederickD.Gregory.He,with McNair.was
Jneof the20 MissionSpecialistselecteesfromthis group
the other15werePilotAstronautselectees).Hewassub- Solvingsomeof the mysteriesof cancerhasbeenthe

life's workof Dr.JewelPlummerCobb,acellbiologist.Her
;equentlyappointedto the flightcrewof the STS-8mission.

researchhasfocusedonmechanismscontrollingthe differ-
Theeighthmissionof theSpaceShuttle,the fourthfully

entiationandgrowthof malignantpigmentcells.Jperationalflight, waslaunchedonAugust30,1983.It was
hefirst nightlaunchof theShuttleprogram.It returned Understandinghow cancerouscellsdevelopis oneway

of obtainingbetterideasfor waysto treatcancer.Her_eptember6, 1983,landingat EdwardsAir ForceBasein
researchhasbeenfundedbythe NationalInstituteof_alifornia.alsoat night(alsothe first night landing).During
Cancerandthe AmericanCancerSociety.hemission,the crewdeployeda communicationssatellite

Combiningherresearchinterest,classroominstruction_ndconductednumerousotherexperiments.Bluford,as
in biologyandzoology,andoutstandingperformance,Dr._ission Specialist,participatedintheseexperimentsandin
Cobbadvancedsteadilythroughtheacademicranks.Afterheoperationandmonitoringof theShuttleflightsystems.

-lelaterflewas MissionSpecialiston theGermanSpacelab graduatingfromTalladegaCollege,shereceivedamaster's

)-I Shuttlemission(STS-61A),launchedin October1985. degreeandPh.D.degreefrom NewYorkUniversity.From
instructorof anatomyat the Universityof IllinoisMedical

-leflewasMissionSpecialistonSTS-39,a Departmentof
Schoolto assistantprofessorof researchsurgeryatthe

)efense(DoD)ShuttlemissionlaunchedApril28, 1991,
PostGraduateMedicalSchoolat NewYorkUniversity,and

t_hichconducteda widevarietyof basicandDoD-applica-
laterprofessorof biologyat SarahLawrenceCollege,she:ionsresearchexperiments.Hismost recentflightwasasa
advancedhercareer.Shemovedto ConnecticutCollegeas•nissionspecialistonSTS-53,a Departmentof Defense
deanofthe collegeandprofessorof zoology.SheheldaShuttleflight. ThismissionwaslaunchedDecember2,

1992. similarpositionat DouglassCollege,RutgersUniversity,
untilshebecamepresidentof CaliforniaStateUniversityinDr.Blufordisthe recipientof manyawards,including
1981.Hercareeris a modelof success.Despitethethe NationalSocietyof BlackEngineersDistinguished

ScientistAward(1979),andthe NationalTechnical demandingposition,Dr.Cobbfoundthe timeto developher
i . . .

_ssoc_ationPresident'sSpecialAward,whichwaspresent- professionalskillswhilefulfillingherroleas alovingand
_d to him atthe 1982NTAConventionin Baltimore.Hewas caringmother.
pelectedas BlackEngineerof the Yearin February1991. Forexcellenceinthe fieldof educationandcell biology,

Dr.Blufordresignedfrom NASAinJune1993. shehasbeenrecognizedby herpeersandappointedto the
Boardsof the NationalInstituteof Medicineandthe
AmericanCouncilonEducation.Sheis afellowof the New

YorkAcademyof Science.Honorarydegreeshavealsobeen
conferreduponher:WheatonCollegein Massachusetts
conferredthe LawLettersDoctorate,LowellTechnology
Instituteconferreda Doctorateof Science,and17other
institutionsdid likewise.

Dr.GulonS Bluford,Jr.(Colonel,
USAF),AstronautandAerospace
Engineer



Dr.FrankCrossley Dr.MeredithGourdine
Metallurgist PhysicistandEnergySystemsEngineer

Dr.FrankCrossley,a distinguishedmetallurgicalengio Rediscovererof an 18th-centuryenergyconversion
neer,earnedthefirst doctorateevergivenbythe Illinois method,Dr.MeredithGourdinehasdevelopedboldnew
Instituteof Technologyin metallurgy.As aseniorresearch ideasin thefield of electrogasdynamics(EGD).
scientistat Lockheed,hedevelopedametalalloycalled Electrogasdynamicsis a processconcernedwith theinter-

transage.Transageis atitaniumalloy,muchlighterthan actionof chargedparticleswitha movinggasstream.
steelbut six timesasstrong,andis corrosionresistant. Throughthis interaction,veryhighvoltagecanbeproduced

Mostrecently,hewasthe technicalprincipalinvestigator from alow voltagenriginallygenerated.Thephenomenon
for materialsandprocessesat AerojetPropulsionDivision hasbeenknownto scientistssincethe late1700s.Thetrou

,, fromwhichheretiredin 1991.Hisresponsibilitiesincluded blewasthatnoonecouldfigureout howto harnessthe
assuringthe qualityof materialsandprocessesin manufac- principleto generateenoughelectricityto makeit practical,
tureditems.In October1990Aerojetawardedhim the R.B. especiallyfor modernneeds.
YoungAward,a$3,000gift, in the areaof qualityandman- Aftergraduatingfrom CornellUniversity,Meredith
ufacturing.Hecompetedagainstqualitymanagersthrough- Gourdinepursueda Ph.D.degreein EngineeringScienceat
outthe variousdivisionsof AerojetCorporation. CaliforniaInstituteof Technology.Unlikemostof hisclass-

Dr.Crossleyis privatelyinvolvedin makingtransage, mates,Gourdinewasnotcontentto builda careerwitha
thesupermetalhedevelopedalmost20yearsago,acorn- longestablishedfirm. Heworkedfor theAeronautical
mercialsuccess.It wasoncethoughtto betoo expensiveto Divisionof Curtiss-WrightCorp.until hedevelopedaninter-

usein consumerproductsotherthan inthechemicalindus- est in electrogasdynamics.Hisemployerwasnot interested
try andthe LockheedL-1011jumbojetsflown byTWA, in the EGDgeneratorthat hedeveloped.So,hedecidedto
Delta,JapanAir Lines,andothercommercialcarriers;and takea chanceandstart hisown company,Gourdine
indesalinationplantsconvertingseawaterto potablewater. Systems,Inc. (nowEnergyInnovations,Inc.),afterraising
Althoughit would bepossibleto makeasuper-strong, $200,000.Initially,his laboratorywasin hisgaragewitha
lightweightautomobilewith it, the costwouldbeprohibitive staffof one.Today,it is amultimilliondollarcorporation
to buyers.However,thereis nowa hopeof developing withanimpressivestaffof engineers.GourdineSystems
transageintoa widelyusedcommercialproductby usingit hasdevelopeda numberof productsandprocessesbased
to makedentalprosthesessuchasbridgesandbraces, onthe useof EGDtechnology.TheGourdineEGDconcept
Commercialproductiononalargescalewouldalsoreduce hasbeenappliedto four majorareas:energyconservation,
thecost ofother possibleapplications, paintsprayingsystems,airpollutioncontrol,andpainting.

Crossley'sundergraduateeducationwasactually ThetechniqueGourdinedevelopedmaybeusedfor refrig-
obtainedthrougha Navytrainingprogram.Hiscollegestud- erationfor preservingfoods,supplyingcheappowerto heatL
ieswereinterruptedby WorldWar II. TheNavyprogram andlight homes,burningcoalmoreefficiently,makingsea
wasanacceleratedonebecauseof the wartimecrisis, waterdrinkableby takingthe saltout of it, makingpainting
Crossleycompletedhis B.S.degreeinonly21/2years.He andcoatingprocesseseasier,andreducingtheamountof
decidedin highschoolto studychemicalengineering,but pollutantsin smoke.It hasbeenappliedto non-contact
laterswitchedto metallurgy.Hefelt thatmetallurgycould printingprocesses.Methodsfor controlingindustrial,resi-
bebetterusedto explaincauseandeffect.Besides,earlier dential,automotive,anddieselexhaustintothe atmosphere
hehaddecidedagainsta careerin art,andthestudyof the havebeendevelopedaswell.Morethan20systemsand

structureof metalshelpedhim to recapturethat interest processeshavebeenpatentedin the UnitedStates,
becauseunderamicroscope,metalsappearto Crossley throughoutEurope,andinJapanandCanada.
muchlikeabstractart. Oneof the advantagesof the Gourdinesystemsis that

WhenDr.Crossleywasat Lockheed,hemanagedastaff theycandoa moreeffectivejobthanotherconventional
of 60chargedwithachievingthe leastcostfor manufac- systems,at amuchlowercostfor installationandoperatio_
turedarticlesconsistentwithweightandstructuralrequire- becauseoftheir smallsizeandlowvoltagepowersupply
mentsandreliability,establishingspecificationsfor requirements.Gourdine'sbold ideasarechangingthe work

i materialsandprocesses,andworkingwith the Navyon the andmakingworkandeverydaylivingeasierandhealthier.
maintenanceandrepairof equipmentandhardware Dr.Gourdineis nowblind,but in spiteof this, hecontinues
returnedfrom service, to pioneerthe advancementof electrogasdynamics.



Dr..FrankGreene DavidHedgley,Jr.
ElectricalEngineer Mathenlaficfi/u

Dr. FrankGreeneis currentlyadirectorof Networked DavidHedgleyis aseniormathematician/programmer
iPictureSystems,Inc.,andhasheldthe positionof with the NASAAmes-DrydenFlightResearchFacilityin
Presidentfrom August1989until January1991.Networked Edwards,California.Hehasspentmorethan20yearswith
PictureSystemssellscomputersystemsfor color printing NASAworkingon projectsinvolvingsystemsdevelopment
andimageretouching.Thecompany'ssoftwareandhard- andanalysis.Hismathematicalabilitieshavebeendemon-
wareemphasizehigh-qualityprintedcolor andcreative stratedinconceptionaldevelopmentandapplicationof
design, mathematicalmethodologycapableof resolvingcomplex

Dr.GreenefoundedTechnologyDevelopment state-of-the-artproblems,analyticaltechniquesto advance

Corporation(TDC)in 1971.TDCspecializedin softwareand the systemsdisciplines,andcriteriato enableprojectsto
servicesfor scientificapplicationsandelectronictesting, endwith thedesiredresults.Hisrecordof achievements
Thenamewaschangedto ZeroOneSystems,Inc., in1985, includestheformulationof highermathematicalapplica- J

whenasegmentof TechnologyDevelopmentCorporation tions in solvingflight researchproblems,datareductionof
wasspunoff andtakenpublic usingthatname.In 1987, aerodynamicdataandexperimentalphenomena,and
ZeroOnewassoldto SterlingSoftwareandDr.Greenecon- numerousinnovationsin softwarepackaging.Hismost
tinuedas agrouppresidentuntil 1989.Dr.Greeneis nowa widelyrecognizedachievementis aprovensolutionto the
directorof the newTechnologyDevelopmentCorporationin "hidden-lineproblem,"which is applicablefor useonany
Arlington,Texas,aswell asa directorandpresidentof computerina real-timeenvironment.
NetworkedPictureSystemsin SantaClara,California. In his positionasa NASAmathematician,Mr. Hedgley

Dr.Greenewasadevelopmentengineerandproject servesas aspecialistin the planningandexecutionof
managerwithFairchildCameraandInstrumentCo.from majorprojectsrequiringthedevelopmentof mathematical
1965to 1971.Hisresponsibilitiesincludedmagneticand approaches,formulationof mathematicalmodelsinto forms

semiconductormemorysystemdesignandprojectman- amenableto solutionby moderncomputers,anddesignof
agementfor the IlliacIV systemsrequirementsfor maximumreliabilityinaerody-
memorysystem.From namicdatareduction.Heperformsthe analysisanddevel-
1961to 1965hewasan opssolutionsto flight researchproblemsthatare
electronicsofficerin the complicatedby numerousvariablesandparameters.He
U.S.Air Force,wherehe alsoprovidesconsultationandadvisoryservicesto
earnedthe rankof researchengineers,dataanalysts,andmanagement.
Captain. Theprojectshehasworkedonincludedevelopmentof a

Dr.Greene'seduca- mathematicalformulathatsimulatesanelectronicfilter for

tion andexperiencein useon anIBMmainframecomputerin supportof the lifting
electricalengineering bodiesproject,solutionto theradiationheattransferprob-
andbusinesshas lemas it relatesto structures,solutionto theclassical

enabledhim to cornera hidden-lineproblemin graphics,solutionto the classical
uniquemarketinsys- silhouetteproblem,developmentof the "Real-Time

Dr.FrankGreene, temdevelopment.He OperationsExecutive"for a navigationstrap-downsystem
ElectricalEngineer receivedhis B.S.in of anairbornecomputer,andsolutionto theprinter-circuit

electricalengineering boardproblem.
fromWashingtonUniversity,his M.S.E.E.from Purdue
iUniversity,andhisPh.D.E.E.fromthe Universityof Santa
Clara.Heis currentlya memberof the Boardof Trusteesof

SantaClaraUniversity.Hehasauthoredorco-authoredten
technicalpapersandtwobooksandholdsa patenton"the

usesof facultycircuits in positioncoding."Dr.Greene
enteredthecomputersoftwarebusinesswhenit wasjusta
buddingenterprise.



Mr.Hedgleyreceivedhis B.S.in biologyandchemistry Dr.ShirleyA. Jackson
from VirginiaUnionandhis M.S.in mathematicsfrom

TheoreticalPhysicist
CaliforniaStateUniversity.In additionto his workat NASA,
hehastaughtstatisticsatthe AntelopeValleyCommunity
Collegein California. ShirleyA. Jackson,atheoreticalphysicistat AT&TBell

Laboratoriesin MurrayHill, NewJersey,wasthefirstTheaccomplishmentsof Mr. Hedgleyhavenotgone
AfricanAmericanwomanto earna Ph.D.from the

unnoticed.Hewasa memberof theBetaKappaChi
MassachusettsInstituteof Technology(MIT).Dr.Jackson,HonorarySocietyduringcollegeandwashonoredfor his
a nativeof Washington,D.C.,receivedthe B.S.degreeinsustainedsuperiorperformanceat NASA.Hereceivedthe

Best(Scientific)Paperofthe YearAwardin 1976,the physicsfrom MITin 1968andthe Ph.D.in theoreticalparti-
clephysicsfrom MITin 1973.DuringherstudentyearsatnationalJulianAllenAwardin 1984,the NationalSpaceAct

Award(thehighestmonetaryawardevergivento a NASA MIT,shedid volunteerworkat BostonCityHospitaland
Ames-Drydenemployee)in1984,the Exceptional tutoringat the Roxbury(Boston)YMCA.Afterearningher

EngineeringAwardin 1983,the SustainedSuperiorAward doctorate,shewasa researchassociateat theFermi
NationalAcceleratoriaboratory in Batavia,Illinois(1973-74in 1983,a QualityIncreasefor SuperiorAchievementin
and1975-76),andavisiting scientistatthe European1982,andwasselectedfor inclusionin the Bookof

DistinguishedAmericansin 1985. Centerfor NuclearResearch(1974-75),wheresheworked
ontheoriesof stronglyinteractingelementaryparticles.
Since1976,Dr.Jacksonhasbeenat AT&TBell
Laboratories,whereshehasdoneresearchonvarioussub-

jectsincludingchargedensitywavesin layeredcompounds,
polaronicaspectsof electronson thesurfaceof liquidheli-
um films,andmostrecently,opticalandelectronicproper-
tiesof semiconductorstrainedla_/ersuperlattices.In 1986,
shewaselecteda Fellowof theAmericanPhysicalSociety
for herresearchaccomplishments.In 1991,shereceivedan

honoraryDoctorateof Sciencefrom BloomfieldCollege,
NewJersey,andwasalsoelecteda Fellowof the American
Academyof ArtsandSciences.

Dr.Jacksonstudiedin Colorado,Sicily,andFrance,
taughtat MIT,andhaslecturedat severalinstitutes.She
hasreceivednumerousscholarships,fellowships,grants,

andawards.Sheisa memberof the

AmericanPhysicalSociety,apastpresi-
dentof the NationalSocietyof Black
Physicists,anda memberof several

otherprofessionalsocieties.
In 1985,NewJerseyGovernor

ThomasKeanappointedDr.Jacksonto
the NewJerseyCommissiononScience
andTechnology.Shewasreappointed
for afive-yeartermin 1989.Shehas
alsoservedon committeesof the

NationalAcademyof Sciences,America_
Associationfor theAdvancementof

Dr.Shir/eyA.Jackson,Physicist Science,andthe NationalScience

Foundation,promotingscienceand
researchandwomen'srolesin thesefields.Dr.Jacksonis

trusteeof MIT,RutgersUniversity,LincolnUniversity
(Pennsylvania),andthe BarnesFoundation.Shehasbeen_
vicepresidentof theMITAlumniAssociationandis on
threeMITvisitingcommittees:Physics,Electrical
EngineeringandComputerScience,andthe SloanSchool
of Management.



JerryT.Jones EmmaLittleton
ElectronicsEngineerandManufacturer ElectricalEngineer

Determinationanda dreammadethe multimilliondollar Freshout of highschool,EmmaLittletonhadoneclear
corporation,Sonicraft,arealityfor its presidentJerry goal in mind-- to becomeatop-notchsecretary.
Jones.Hedevelopeda basementoperationinto onethat Shestartedasanenthusiasticandinquisitivejunior
has itsheadquartersin Chicagoandofficesin Bostonandin clerkat IndianHill Laboratoryin Naperville,Illinois,and

Washington,D.C.,andwhichemploysmorethan200peo- soonwaspromotedto asecretarialjob. Thetechnicalwork
pie. Themakingsof that dreamwerefirst sparkedat theage goingonaroundherwasintriguing,andafterlearning
of four whenJones'fatherboughthim aradiowhenhewas aboutthework inherdepartment-- thedevelopmentof an
still livingin Sledge,Mississippi.Hebecamefascinatedwith expandedandimprovedtelephoneswitchingsystemcalled
electricityandnurturedthat interestuntil hebecamehis No.4 ESS-- shedecidedthatshewantedto becomean
Chicagoneighbors'favoriteradiorepairmanby theage electricalengineer.Technicalstaffwereimpressedby her
of 13. enthusiasmandobviousaptitudeto grasptechnical

His technicalinterestswereformallypursuedat Illinois information.
Instituteof TechnologyinChicago,whereheearneda Withencouragement,sheenrolledinTennesseeState
degreeinphysics.Althoughoneof his highschoolteachers University,a traditionallyAfricanAmericanengineering
told himthat hewould neverbecomea successfulengineer, school,wheresheexcelled.Sheearnedanengineering

hedidn't listen.Tohelpsupporthimselfthroughcollege,he degreewith top honorsanda cumulativegradepointaver-
madecustomizedhigh-fidelityequipment.Heconducted ageof 3.8.Duringhersummervacationsshecontinuedto
researchat the Institutefor 10years;however,healways workat IndianHill,but in atechnicalcapacity.ABellLabs
hadabusinesseyeanddecidedto launchhis own business staffmemberwasherseniorprojectadvisor.Hewason
interestswith $1,000incapital.Thefledglingcompany leavefrom his regularworkassignmentandteachingat
startedin his basement.His first majorcontractwaswith TennesseeStateUniversity.TodayMs. Littletonis afull-
the Navy,makingloudspeakers, time memberof BellLabs'professionalstaff. Hercareerin

Throughtheyears,Sonicraftgrewasits contractswith engineeringhadbeendelayedfouryearsbecausesheini-

variousmilitarybranchesandFederalAviationcompanies tiallydecidedto bea secretary(becausethatwasthe only
increased.After15yearsin business,the reliabilityand thing sheknew).In time,shegrewrestlessanda bit dissat-

" qualityof theproductsproducedby Sonicraftledto the isfied.Thatledherto herrealcareerchoice.

signingof a $268millioncontractwith theAir Forcein BellLabswasso enthusiasticthat theyselectedher to
1982.Sonicraftagreedto designandmanufacturevery low studyfor ayearunderthe BellLabsGraduateStudies
frequencyreceiversthatwill operateevenafterexposureto Program,whichpermitspromisingstaffmembersto work
X-raysandgammaradiationfrom a nuclearattack.The for anadvanceddegreein their specialtywith full tuition
agreementis a multiphaseoperationthat ranthrough1989. andexpensesunderwrittenby thecompany.

Jones-- the majorshareholderin Sonicraft-- set the Ms. Littleton'scareerwassuccessfullylaunchedafter
goalto makeit a billion-dollarcompanybythe early1990s, receivingthe rightexposureto careeropportunitiesandthe
puttinghis companyin theleaguewith theFortune500s. right counseling,whichsheshouldhavereceivedinhigh

Althoughthe company'sbasicwork involvedmanufactur- school.Fortunately,engineersat IndianHillandstaffat
ing, in thefuture it will seekto increaseits researchand TennesseeStateUniversitywereableto helpherrealizeher

developmentcapabilityandstriveto makeyetanother full potential.
dreamcometrue.



Dr.WalterMassey Dr.WarrenMiller
TheoreticalPhysicistandlormerDirector, NuclearEngineer
NationalScienceFoundation

Dr.WarrenMillerdevelopedaninterestin mathematics
Dr.WalterMasseywasappointedas Directorofthe andsciencein gradeschoolandhighschool,A WestPoint

NationalScienceFoundationby PresidentGeorgeBushin graduate,hehasaB.S.degreeinEngineeringScienceswith
1990,a positionhehelduntilJanuary1993,Hisposition anareaof interestin nuclearengineeringandnuclearreac-
prior to thatappointmentwasVicePresidentof the tor theory.Heobtainedthemaster'sandPh.D.degrees
Universityof Chicagofor Researchandfor Argonne from NorthwesternUniversityinnuclearengineering.
NationalLaboratory.HeservedasPresidentof the Dr.Millercurrentlyhasajoint appointmentasan

AmericanAssociationfor the Advancementof Science AssociateDirectorat LosAlamosNationalLaboratoryand
Dr.WalterE.Massey, (AAAS),the world'slargestassociationof professionalsci- asa DardeeProfessor(endowedchair)in theNuclear
Physicist entists,in 1989.HewaselectedPresidentof theAmerican EngineeringDepartmentat the Universityof California,

PhysicalSocietyin 1990.Healsoserveson thePhysics Berkeley.
AdvisoryCommitteeof the NationalScienceFoundation,the LosAlamosNationalLaboratoryis oneof the largest
NationalAcademyof SciencesAdvisoryCommitteeon researchlaboratoriesundercontractto the U.S.Department
EasternEuropeandtheformerUSSR,andthe Boardof of Energy.Priorto joiningthetechnicalmanagementstaff
Directorsof AAAS. at LosAlamos,hewasa GroupLeaderfor theTransport

In 1979,atthe ageof 41, Dr.MasseybecameDirector andReactorTheoryGroup,in theTheoreticalDivisionof the
of ArgonneNationalLaboratory(ANL)in Argonne,Iltinois Laboratory.Hisresearchinterestsincludeneutraland

(25 milessouthwestof Chicago),which is operatedby the chargedparticletransporttheory,fluid dynamics,ra.3ioac-
Universityof Chicago.ANLis oneof the nation'stop energy tivewastemanagement,andradiationshielding.Concurrent
researchlaboratories.In additionto its mainsitenear with hispositionat LosAlamos,heservesasaconsultant
Chicago,thereis the IdahoEngineeringLaboratorynear to SargentandLundy,andto ArgonneNationalLaboratory.
IdahoFalls.ANLemployed2,000scientistsandengineers Hehaspublishednumerouspapersandexcelledin the
amongits morethan5,000employeeswhile Dr.Massey areaof computersolutionsto partialdifferentialequations,
wasDirector.ANLoperatessevenexperimentalnuclear specifically,solutionsto the neutrontransportequation.He
reactors,includingthenation'sfirst nuclearbreederreactor wasinvitedto coauthorabookentitledComputational

whichstartedproducingelectricityat ANL'ssite in Idaho Methodsin NeutronTransportTheory,whichwill bepub-
Falls.Althoughnuclearenergyis a primaryfunctionof the lishedbyWileyInterscience.Hisworkhasledto thedevel-
Laboratory,otherenergysourcesresearchedat ANL opmentof ageneraltheorythatallowsa comparisonof all
includeperfectingbatterypoweredautomobiles,making methodssuggestedfor acceleratingthe iterativeprocesses
syntheticfuels,andbetterutilizingsolarenergy, usedin neutrontransportcomputercodes.This theory

Dr.Masseyhasalongassociationwith the Universityof makesit possiblefor newmethodsto bedevelopedand
Chicago.Hefirst joinedthe facultyin 1968afterhisgradu- comparedwith existingschemes.
atestudies.Whenhewasfirst appointedDirectorof ANL, In additionto his researchinterests,Miller enjoysteach-

hewasalsoappointedProfessorof Physicsat the ingandhasservedasavisitingprofessorof nuclearengi-
University.Priorto becomingDirector,Dr.Masseywasat neeringat HowardUniversity.Healsodevelopedandtaught
BrownUniversitywherehewasfirst ana_sociateprofessor acourseat Northwesternentitled"Science,Technology,
of physicsandlaterappointedDeanof the College. andtheBlackExperience."Oneof thestatedobjectivesof

Anativeof Hattiesburg,Mississippi,Dr.Masseyentered thecoursewasto promotethinking inaspiringscientists
collegefromthe lOth grade.Heisa MorehouseCollege andengineerstowardapplicationof their skillsto the devel-
graduatewitha B.S.degreein physicsandmathematics opmentof AfricanAmericancommunitiesat homeand
andreceivedhis master'sdegreeanddoctorateinphysics abroad.
from WashingtonUniversityin St.Louis,Missouri.Hewas
apostdoctoralappointeeat Argonnefrom 1966to 1968and
aconsultanttherefrom 1968to 1975.Hisresearchinterest

wasin thetheoryof stronglyinteractingsystemsof many
particles,withparticularemphasison lowtemperature
propertiesof quantumliquidsandsolids.

Dr.MasseywasrecentlyappointedSeniorVice

Presidentandprovostof the Universityof California.



CordellReed Dr.JohnB. Slaughter
MechanicalEngineer Pre,';idenL()ccld_nt,_l[;lJIh_ge.andformc.rDireclofo.!the;

NationalScienceFound,#ion

Althoughamechanicalengineerbycollegeeducation,
Mr. CordellReedhasbecomeanuclearexpertandSenior Dr.JohnBrooksSlaughterreceivedhisacademictrain-
VicePresidentof NuclearOperationsat Commonwealth ing in electricalengineeringandengineeringphysics,and
Edisonof Chicago,throughworkexperienceandon-the-lob his researchspecialtyis in thefield of digitalcontrolsys-
schooling.Hestartedasanengineerat oneof Edison's temstheoryandapplications.Althoughhebeganhiscareer
coal-firedgeneratingstations.Aftersevenyears,he asanelectronicsengineerin industryandlaterin govern-
switchedto anuclear-poweredstation.Commonwealth ment,hehasalwaysbeenapartof theacademiccommuni-
Edisondecidedto investin the highlymotivatedReedand ty. Throughouthis career,hehasbeenactiveinnational
spentapproximately$100,000to providehima background effortsto involveminoritiesin engineeringandscience.

in reactorphysics,healthphysics,andnuclearengineering. Dr.Slaughteris currentlyPresidentof Occidental
Mr. Reedknowsthe businessinsideandout. Hehas Collegein LosAngeles,California,apost to whichhewas

beeninvolvedin variousaspectsof workat nuclearpower appointedin 1988.Prior to that,heservedas Chancellorof
stations,namelydesign,construction,andoperations.It is the Universityof Marylandfrom 1982to 1988.
secondnatureto him,althoughengineeringwasveryfor- Dr.SlaughterservedasDirectorof the NationalScience
eignto him whilegrowingupon Chicago'sSouthSide.The Foundationfrom 1980to 1982,a posthewasnominated
decisionto studymechanicalengineeringattheUniversity for by PresidentJimmyCarter.TheNationalScience
of Chicagobeganthe change.Now,with ease,heevaluates Foundationis themajorU.S.governmentagencythatsup-
the proposals,generatesthe specifications,andpurchases portsbasicresearchin the physicalandlife sciences.NSF
reactors,turbinegenerators,andotherequipmentwith alsosupportsscienceeducationandappliedsciencesand
CommonwealthEdison'smulti-billion-dollarbudget.Hehas is in chargeof severalmajorlaboratories,suchasthe

the finalwordon top-leveldecisionsconcerningsix nuclear NationalOpticalandRadioAstronomyObservatories.
powerplants. Dr.Slaughterservedanearliertour of dutyat NSF,alsoat

Reedis definitelyapro-nuclearadvocate.Hehascon- the requestof PresidentCarter,as AssistantDirectorof
cludedfromfirst-handexperiencethat the nuclearindustry Astronomical,Atmospheric,Earth,andOceanSciences
is safeandthatnuclearenergyis criticalfor the United from 1977to 1979.In this position,Dr.Slaughterwas
Statesto meetits energydemands.Often,hefindshimself responsiblefor fiveNSFdivisions_ EarthSciences,Ocean
presentingthefacts tothe publicandembroiledin debates Sciences,AstronomicalSciences,AtmosphericSciences,
overnuclearsafety.Accordingto Reed,"Withoutnuclear andPolarPrograms.
power,therewill beashortageof energywhichwill drasti- In 1979,betweenhistwoappointmentsat NSF,
cally increaseunemployment."Havingknownthe miseries Dr.SlaughterwasAcademicVicePresidentandProvostof

of low incomeandpoverty,Mr. Reedcanappreciatethe WashingtonStateUniversityin Pullman,Washington.
negativeimpactthatadevastatingenergycrisiscouldhave Beforegoingto NSFin 1977,Dr.SlaughterwasDirector
on low-incomefamilies, of theAppliedPhysicsLaboratoryandProfessorin the

Departmentof ElectricalEngineeringat theUniversityof
Washingtonat Seattle.As LaboratoryDirectorsince1975,
hewasresponsiblefor thedirectionandmanagementof a
researchanddevelopmentprogramin oceanandenviron-
mentalsciencesandengineering.Heinitiatednewpro-
gramsin energyresourceconservationanddevelopment,

geophysics,environmentalacoustics,andbioengineeringat
the Laboratory.Underhis direction,the staffof the
Laboratory,a leaderin the fieldsof underwateracoustics,
underwatervehicles,andphysicaloceanography,grew
from 180to 240people.



Prior to goingto theUniversityof Washington, HowardSmith
Dr.SlaughterwasHeadof the InformationSystems
Departmentof the NavalElectronicsLaboratoryCenter C_mpul_,1fl_;s_;trchM,:tH,:_(I_I
(NELC)in SanDiego,California.In thatcapacity,hewas

HowardSmithis acomputerscientistandPresidentofresponsiblefor themanagementof a200-personstaff
engagedinthe designanddevelopmentof Navycommand ClaritySoftware,Inc. Mr.Smithandagroupof computer

veteransfoundedClaritySoftwareinJanuary1990toandcommunicationsystems.Underhis directionthere,a
majornewemphasisin biomedicalengineeringwasstarted, design,develop,andmarketpersonalcommunicationssoft-

wareproductsfor UNIXworkstationplatforms.Theseper-HewasnamedScientistof theYearat NELCin 1965,where
heservedfrom 1960to 1975. sonalcommunicationsproductshavesignificantvalue

Earlierin his career,from 1956to 1960,Dr.Slaughter added,bothin functionandinmultimedia.tocumenttech-

Dr JohnB.Slaughter, wasemployedbythe ConvairDivisionof GeneralDynamics nologies,andaremail-centered,Clarity'sinitialproductis
ElectficalEngineer Corporationin SanDiegowhereheworkedonthe develop- calledCLARITYandis composedof aCompound

mentof missileflight instrumentationandtelemetry DocumentEditor,spreadsheet,presentationgraphics,and
equipment. AdvancedMailcomponents.Thisproductwill befollowed

Dr.Slaughterwasbornin Topeka,Kansas,in 1934and byotherpersonalcommunicationssoftware.

earnedaBachelorof Sciencedegreein electricalengineer- Previously,Mr. Smithwasemployedby Hewlett-
PackardCorporation.Responsiblefor thedevelopmentofingat KansasStateUniversityin 1956.Heearneda Master

of Sciencedegreeat theUniversityof Californiaat Los operatingsystemsandprocesssystemsunits,hesuper-
vised200employeesfor Hewlett-Packald'sComputerAngeles(UCLA)in1961.Healsowasawardeda Doctorof

Philosophydegreein engineeringscienceatthe University SystemsDivisionin Cupertino,California.Thedevelopment
of Californiaat SanDiegoin 1971. of computerequipmentis averycompetitiveanddynamic

business,andHowardSmith is oneof the managerswhoDr.SlaughterhaswriL_enwidelyin hisfieldandis a
memberof severalprofessionalorganizationsincludingEta helpedHewlett-Packard,a leaderincomputerdesign,main-

tainits competitiveedge.KappaNu, thehonoraryelectricalengineeringsociety;Tau
Enthusiasticabouthis work,Smithconsidershimselfto

BetaPi,the honoraryengineeringsociety;andwaselected
beverypeopleoriented.Somemightfind this surprising,to the NationalAcademyof Engineeringin 1982,Hehas
sincethecomputerscientistis oftenstereotypedby othersbeeneditorof the InternationalJournalof Computersand
ascold andmoreorientedto machinesthanto people.TheElectricalEngineeringsince1977.Heis alsoaFellowof the

Instituteof ElectricalandElectronicEngineers. jobas amanagerrequireslonghoursthat mustbedivided
betweenthe researchaspectsandthepeopleperformingHeservedfrom 1968to 1975asDirectorandVice-
the research.As manager,Mr.SmithmustassurethatChairmanof theBoardof theSanDiegoTransit
ideasaredevelopedwithina givenbudgetandcompletedCorporation,specializinginpolicymattersrelatedto transit
withinaspecifiedschedule.Anyproblemthat threatenstheplanningandtechnology.Hewasamemberof the affiliate
researchprojectmustberesolvedbyhim andthe staff

engineeringfacultyat SanDiegoStateUniversityfrom 1963
to 1965andestablishedgraduatecoursesindiscreteand workingin thedivision.Someof the problemsfacedare

optimalcontrolsystems.Hewasappointedto the San technical,but manyaremorerelatedto businessand
DiegoChamberof CommerceEnergyTaskForcein1974to planning.

Mr.Smith is agraduateof LosAngelesStateCollegeadviseontechnologicalapproachesto energyconservation.
andSanJoseStateUniversity.Hereceivedabachelor'sandDr.Slaughterhasbeenactiveinefforts to encourage
a master'sdegreein mathematics.Heattributespartof hisminoritiesto pursuecareersin scienceandengineering,
careersuccessto enjoyingwhathedoes.Hesaysthatit is

andhehasplayeda strongrolein urgingeducationalinsti-
tutions, industry,andgovernmentto takemoreaggressive importantto setbothshort-rangeandlong-termgoalsso

thatyou canevaluateyourprogressandredefineyour goalsstepsto improveopportunitiesfor minoritiesin thosefields.
asnecessary.Reachingyour goalscreatesself-confidence,In 1976,hewasappointedamemberof the National
anotherimportantpartof succeedingin anorganization.Academyof EngineeringCommitteeon Minoritiesin

Someof Howard'ssparetimeis spentworkingwith highEngineering.In 1983heservedasamemberof the National
schoolandcollegestudentshelpingthempreparefor tech-ScienceBoardCommissionon Pre-CollegeEducationin
nicalcareers.Heis a memberof theadvisoryboardofMathematics,Science,andTechnology.In 1987,the U.S.

BlackEngineermagazinenamedhim its first "Black ProjectInterfacein Oakland,California.Thisprogramis
Engineerof the Year." community-basedandprovidestutorialservicesandcareer

counselingto studentparticipants.



Dr.ArthurB. C. Walker,Jr. Dr.WilliamWiley
Astmpl_y,sici,'_t B;/(,'t[tflo/oyI.s'[df/dt dt2of,t[of_'[)tf_.,ct(lf

Dr.ArthurWalkeris a Professorof AppliedPhysicsat Dr.WilliamR.Wileyis directorof Battelle'sPacific
StanfordUniversity.Hisresearchspecialtiesaresolarand NorthwestDivisionanda SeniorVicePresidentof Battelle

nonsolarX-rayastronomy,concentratingonthestudyof MemorialInstitute_ anindependent,worldwide,science-
high-temperature,low-densityastrophysicalplasmasusing basedorganizationdedicatedto "puttingtechnologyto
space-borneinstrumentation.Hehasparticipatedin numer- work." Battelleis theworld's largestnot-for-profitresearch
ous investigationsusingsoundingrocketandsatellitevehi- organization.
cles.At Stanford,hedevelopedinstrumentsfor obtaining As theprincipalBattelleexecutivein the Northwest,heis
veryhighresolution,highlysensitiveimagesof the solar directorof the U,S.Departmentof Energy'sPacific
atmosphereat X-rayandextreme-ultravioletwavelengths, NorthwestLaboratory,a multiprogramnationallaboratory
usingthe newtechnologyof multilayerinterferencereflec- operatedby Battellesince1965.
tion coatingswithnormal-incidence-reflectionoptics.These Dr.Wileyis responsiblefor Battellobusinessactivitiesin
instrumentswereflownonsoundingrocketsto obtainthe the Northwest,includingresearch,development,andtech-

first high-resolutionX-rayimagesof theSunusingthis nologycommercializationat Battelle'sresearchcomplexin
technique.Anexperimentproposedby Dr.Walker,"Ultra Richland,the MarineSciencesLaboratoryat Sequim,and
HighResolutionXUVSpectroheliograph,"wasselectedby the BattelleSeattleResearchCenter.
NASAfor developmentandflightas anattachedpayloadon Amemberof the Battellestaffsince1965,Dr.Wiley
the SpaceStationFreedom. servedas Directorof Researchat the Richlandlaboratories

ArthurB,C.Walker,Jr., receivedhis Ph.D.in physics between1979and1984.Earlierassignmentsincludeman-

from the Universityof Illinoisin 1962,His initialresearch agementpositionswith the BiologyDepartmentandthe
wasin nuclearandparticlephysics.In 1965hejoinedthe CellularandMolecularBiologyresearchsection.
AerospaceCorporatio_andbeganworkingin solarphysics Dr.Wileyearneda bachelor'sdegreein chemistryfrom
andupperatmospherephysics,specializingin the studyof TougalooCollege,Mississippi.Studyingundera Rockefeller
solarX-rays.HewasDirectorof the SpaceAstronomy Foundationscholarship,heearneda master'sdegreein
Projectat AerospaceCorp.from 1972to 1974.In 1974,he microbiologyfromthe Universityof Illinois-Urbanain 1960.
becameAssociateProfessorof AppliedPhysicsat Stanford, Hisdoctoratedegreein bacteriologywasawardedby
whereheis nowFullProfessor,AssociateDirectorof the WashingtonStateUniversity,Pullman,in 1965.
Centerfor SpaceScienceandAstrophysics,andDirectorof In additionto hisroleat Battelle,Dr.Wileyis anassoci-
theStanfordStudentAstronomicalObservatory.At ateprofessorof bacteriologyatWashingtonState
Stanford,hehasalsoservedas AssociateDeanof the Universityin Pullman,Washington.Hecameto the great
GraduateDivision,Chairmanof theAstronomyProgram, Northwestto find successandprosperity.Hewantedthe

andDirectorof the JohnWilcoxSolarObservatory. opportunityto makeacontributionto his discipline.
In 1986,Dr.Walkerwasappointedamemberof Throughhardworkanddedicationto his profession,

PresidentReagan'scommissionthat investigatedthe Space 20yearslaterhehasbeenableto dojust that.Themany
ShuttleChallengeraccident.Hehasalsoparticipatedin yearsof educationalpreparationandhardworkpaidoff.
numerousNASA,NSF,andotheradvisorycommitteesand Hehasauthorednumerouspublicationsin hisfield,His

hasbeenactivein theNAACP. researchincludesmicrobialmetabolism,particularlythe
factorswhichcontrolintracellularpoolformationandmem-

branetransportof aminoacidsandsugarsin microorgan-
isms andmarnmaliancells;developmentenvironmental
engineering;biotechnology;geoscience;andanalytical
chemistry.

Dr.Wileyhasservedasa GeorgeWashingtonCarver
Lecturerat TuskegeeInstitute,Alabama,andhelecturesat
AfricanAmericanuniversitiesaspartof theBlackExecutive

ExchangeProgram.Heholdsanadjunctfacultyappoint-
mentwithWashingtonStateUniversityas anassociatepro-
fessorof microbiology.
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hoosinga careerrequiresexaminingyour yourfamilywho areemployedinoccupations
interests,abilities,qualifications,and relatedto your fieldof interestcanbehelpful
goalsandyour decisionto investthe nec- in yourexploration.

essarytimeandeffort.It alsomeansknowing
aboutthe requirements,responsibilities,and 3. Discussyour careergoalswith yourteachers
rewardsof variouscareers.It is muchtoo andguidancecounselor.Theycanprovide
importanta decisionto leaveto chance! valuableadviceonthe bestwayto achieve
Selectinga satisfyingcareermayseemlikean yourgoals.Theycanalsohelpyoufind litera-

turepertainingto careers;tndinformationoverwhelmingtask,butthe selectionprocess
canbeeasierthroughcarefulplanningand aboutsummerandpart-timejobs.
guidance. Literaturepertainingto careersis usually

If youbelievethata careerina science,engi- locatedin theguidanceofficeandtile library
neering,or technicalfield maybein yourfuture, of yourschool.Publicationssuchas the
beginpreparingtoday.Thismeansdevelopinga Dictionaryof OccupationalTitlesandthe
planof action.First,analyzeyour interests,abili- OccupationalOutlookHandbookandother

careerguidancematerialsareusefulto yourties,andaptitudes.Considerschoolcoursesyou
likeanddislike.Hobbies,sports,extracurricular careersearch.

Yourguidancecounselorcanhelpyouactivities,andyourpersonalcharacteristicsare
factorsto beconsidered, matchyour qualificationswith appropriate

careergoals.At the beginningof eachschoolTakeacloserlookatthosefields inwhichyou
alreadyhavesomeinterest.Overviewsof scien- year,you,your parents,andyour counselor
tific andtechnicalfieldsaresuppliedinChap- shouldreviewthoroughlyyour highschool
ter II. However,sinceit is not possibleto give courseswith futureeducationalplans,aspira-
morethana brieflookat eachspecialtyfield,if tions,andtentativecareergoalsinmind.
anareasuchascomputerscienceor nuclear 4. Requestmorecomprehensivecareerinfor-
engineeringappealsto you,herearesomesug- mationfromtechnir:,alorganizationsassociat-
gestedwaysto findout more. edwith the specificfiulds in whichyouare

1. Goto the libraryandlocatebooks,maga- interested,suchasthoselistedin Career
zines,andjournalsin your subjectarea.If Opportunitiesin theSciences(seeAppendix).
youarecurrentlya highschoolstudent, Yourcounselorcanhelpyou locateand

reviewthesematerials.Theyincludemanyof the moreadvancedbG"ksandjour- informationabout:
nalsin scienceand engineeringmayappear
verycomplex.Don'tbeintimidated;therewill • whata persor,doeson thejob
beplentyof timeto learntheterminologyand ° whatabilitiesandinterestsarerequired
the mathematicaltechniques.Assessyour by thejob
interestin the subjectmatterby reviewing • whattypesof educationandtrainingare
booksandmagazinearticleson avarietyo_ required
levels,from the introductorylevelsof ° whatthe workingconditionsarelike
Discoverand ScientificAmericanmagazines, • whatfuturejobopportunitiesare
to the intermediatelevelsof suchpublica- predictedto be.
tions asPhysicsTodayandAerospace Asyou readthroughthis material,matrh
America,andevento theadvancedlevelsof your abilities,skills,andintereststo thejobs
Journalof ChemicalPhysicsor The that seemappealing.A list of organizations
AstrophysicalJournal andsocietiesthat relateto yourcareerinter-

estscanbeobtainedthroughtheschool
2. Yourparentsandadultfriendscanbea great guidanceoffice.

helpin thedevelopmentof careerplans,
especiallyif theywork in fields relatedto
thoseinwhichyouareinterested.Askques-
tionsaboutyour parents'careers.Friendsof

;fn,tpler I!/.

'lanning for
;areers in

;cience and

_echnology _



5. Talktopeopleworkingin thefield in which qualifiedto applytotheseprogramsandto
youareinterestedor peoplein a closelyrelat- pursuethemefficientlyonceadmitted,you
edfield.Theycangiveyoufirst-handinfor- mustbeawareof theentrancerequirements
mationon whatthe workis reallylike;also, for collegecurriculainyourfield of interest
theycanrelatetheirexperiencesin thecol- andacquirethenecessaryprerequisiteswhile
legeeducationalprocess.Theycanalso inhighschool.
adviseyou onproperworkandstudyhabits TheNationalTechnicalAssociation(NTA)i
andchoiceof educationalinstitutions.If pos- has,asoneof its goals,theencouragement
sible,try to visit theirworkareasso thatyou andsupportof minorityyouthin their pursuit
canseefirsthandthe workenvironmentand of scientificandtechnicaleducationsan,:l
the typesof jobsvariousemployeesperform, eventualcareersin thesefields.Membersof

6. Requestcatalogsandotherinformationfrom NTAareavailablefor consultationon anyof
theabovetopics. In addition,otherprofes-collegesyoumightbe interestedinattending

well beforeyoursenioryearof highschool, signalorganizations,suchasthe American
Besureto takenoteof requirementsfor Associationfor theAdvancementof Science,
admission,estimatedcc,;tsfor tuition and havesubgroupsconcernedwith scientific
fees,roomandboard,etc.,and opportunities andtechnicaleducationandcareeradvance-
for studentfinancialaid. ment.Someavailablepublicationsandvideo,

Informationaboutcollegesand military tapesarelisted in theAppendix.
academies,vocationalandtechnicalschools, Theworld of scientificandtechnical
apprenticeshipandcooperativeeducation careerspresentsmanydiverseopportunities
programs,andmilitaryservicesmayalsobe for thepreparedperson.Therefore,spendth_
foundinyour highschoolguidanceoffice, yearswhileyouarein highschoollayinga
This informationmayhelpyouwith the goodfoundationfor that world.Takeadvan-
expensesof educationor trainingbeyond tageof everyopportunityto get thetraining

andexperienceyouwill needfor yourselect
highschoolgraduation, edcareer.Advancedplanningwillprepare

7a.Tryto geta summerjobor part-timejobina youtoqualifyfor a careerthatissatisfying
fieldrelatedtoyourinterest.Suchjobsnot andrewarding.
onlyprovidea sourceof income,theyalso
giveyoufirsthandexperienceina scientific 7b.Tryto participateinaspecialsummereduca

tionprogramthatofferssomescience,matkor technicaloccupationandallowyouto
observeprofessionalscientists,engineers, and/orengineeringexposure.Youmaycon-

tacttheNASAEducationDivision,CodeFEE,
andtechniciansatwork.Manygovernment Washington,DC20546,(202)358-1518;theandindustrialorganizationsofferpaidsum-
merapprenticeshipprogramsforhighschool Departmentof Energy,Officeof University
students.Youremployerscanalsooffer andScienceEducationPrograms,CodeER-
informationabouttheirparticularjobsand 80, 1000IndependenceAvenue,SW,
relatedoccupations.Theycanevaluateyour Washington,DC20585,(202)586-8949;or
workperformanceandtheinterestyouhave theNavalResearchLaboratory.TheNaval
displayedinthejob. ResearchLaboratoryofferscooperativeedu-I

Asecond,veryimportantstepistotake cationsummerandpart-timeemploymenttot
all theavailablehighschoolcoursesrelated students,andalsoparticipatesinDoD's
to yourpotentialcareergoals.As isempha- ScienceandEngineeringApprentice
sizedthroughoutthis book,professionaland Program.Forfurther information,contact
technicaloccupationsinscienceandtechnol- NavalResearchLaboratory,Human
guyrequirespecializededucationandtrain- ResourcesOffice,Code1812,Washington,

DC20375-5320,(202)404-8305.ingbeyondthehighschoollevel.Tobe







C nologyemphasizebasicknowledgeand oftakingthesebasicmathematicsandscience

areersinscience,engineering,andtech- It isdifficult to overemphasizethe importance

skills in science,mathematics,andtech- coursesasearlyaspossibleanddoingaswellas
nicalsubjects.Theextentto whichyoumaster possiblein them.Thesecourseslaythe neces-
ttlesethreeareaswill helpaetermineyour selec- saryfoundationfor the moreadvancedscience
tionfor entry-levelpositionsandhowquickly andmathematicscoursesthatform the basisof
youadvanceinyour workassignments.There collegecurriculain scienceandengineering.
areplacesfor menandwomenwhohavediffer- Theseadvancedcoursesarenormallytakenin
entlevelsof competencyinall threeof these thefreshmanandsophomoreyearsof college.
subjectareas. Coursework in computerscienceis increasingly

ChapterII providesdescriptionsof a wide importantandshouldbepursuedto theextent
varietyof scientificandtechnicalfieldsand available.Communicationsskillsalsoarevalu-
occupations.Nearlyallcollegecurriculainsci- ableto scientistsandengineers.Therefore,
enceandengineeringarebasedon the same coursesthat developone'sreading,writing,and
fundamentalprinciplesandhave,therefore, speakingskillsareessential.
nearlythe samebasiceducationalprerequisites.
In particular,at the highschoollevel,the neces-
sarypreparationfor all fieldsincludesmathemat-
ics (algebra,geometry,trigonometry,andany
otheravailablecourses),and science,including
asa minimumbiology,chemistry,andphysics.

i __i_¸
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Chemists,physists,and
biologicalresearchersare /
utilizedinvariousNASA, /
Departmento/Energy,and
otherfederalagency
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ScienceandYourCareer vocationalmath,If youaspireto scientificor engineering
careers,you mustcompleteadvancedmathcoursesin high

Nearlyall scientists,andmostengineers,mustbefamiliar school,Thesecourseswill prepareyoufor college-level
with theelementsof threebasicsciences:biology,chem- mathematics.Scientistsandengineersmustcompletethree
istry,andphysics.Youwill needto studydifferentamounts to four yearsof college-levelmath,Additionalyearsof grad-
andkindsof sciencecoursesfor differentoccupations,For uatestudyareoftenrequired,
somejobs,suchas skilledtradeslike welding,highschool
sciencecoursesaresufficient,Thetrainingof engineering Themoderntrendin scientificandtechnicalcareers

andsciencetechniciansusuallyincludessciencecourses requiresmoreandmore_mphasisonmathematicaland
likethoseofferedattechnicalinstitutesor communitycol- relatedcompetencies,suchascomputerscience,Statistical

leges.Manyprofessionsrequireonlyoneor twoyearsof andmathematicalmodelsareusedto solvenonmathemati-
cal problems.Thepersonskilledin this disciplineprobablycollegesciencecourses.Somecareersdemandfour years

of collegework in sciencewhileothersrequireseveraladdi- will find favorableemploymentopportunitiesin future
tionalyearsof graduatestudy, years.Evenif you donot planto continuestudyingmath

afterhighschool,it is agoodideato takeall of thecourses
Evenif youdonot planto bea scientist,aknowledgeof sci- availableto you.Somedayyou maychangeyourmind
encewill helpyou inmanyothercareers.A goodunder- aboutacareer.At thattime, youmayberequiredto corn-
standingof scientificprinciplesmayleadto a better pletemathcoursesyouhavenottaken,
understandingof the world.Witha backgroundin science,

youwill beableto discussmoreintelligentlyandmakebet- EmphasisonTechnicalSkills
ter decisionsregardingcommunityissues.Forexample,an
understandingof chemistryandbiologywill helpyou Technicalskillsarealso importantin trainingfor scientific

decideuponsystemsto controlairandwaterpollution,A andtechnicalcareers.Yourchoiceof acareerfieldandyour
knowledgeof sciencewill helpyou enjoylife ina highly levelof aspirationin that fieldwill be influencedby thetech-
advancedtechnologicalsociety, nicalskillsyoudemonstrate.Theseskills includehand-eye

coordinationandquicknessandeasein usingyourhandst(:

MathematicsandYourCareer manipulateobjects.Technicaljobsincludedrafting,electri-
cal wiring,microwelding,andpolishinglenses,Scientists,

Mathematicsis importantto youeverytimeyou buya engineers,andtechniciansusedifferenttechnicalandman-
recordalbum,a pizza,or gasfor your car.Youwill use ualskills,but ingeneralthe relativeimportanceof technical
somemathematicsthroughoutyourentirelife, regardless skills is greatestfor thetechnicianandleastfor the scien-
of yourchosencareer.Mathematicsis ascienceandis tist. As is truewith scienceandmathcourses,thekindsof

sometimesreferredto as themost exactscience, technicalsubjects(vocationalandindustrialartscourses)
Mathematicsis essentialto scientific,engineering,and you selectwill bedeterminedbyyour careerinterests.
technicalcareers.It is apreciseanduniversallanguage

understoodallovertheworld.Actually,itwouldbedifficult OtherImportantCourses
to findanytypeofworkwheremathematicsis notuseful.
Themathematicsyoustudyinhighschoolisusedinmany Althoughspecialemphasishasbeenplacedthroughoutthi£
careerfields, bookonscience,mathematics,andtechnicalcourses,a

well-roundedhighschooleducationisessential.Awell-
Differentoccupationsrequirevaryingamountsandkindsof roundedprogramgivestheflexibilityto respondtonew,
mathematicscourses.Forsomejobs,highschoolvocation- andsometimesunexpected,opportunities.Youmustbe

al mathcoursesaresufficient.Thesecourseswillhelpyou abletocommunicateyourthoughtssimplyandclearly.
preparefor apprenticeshiptrainingrequiredformany Eventhemostbrilliantengineerorscientistmustbeabletc

skilledtrades.Skilledmachinetooloperatorsrelyupon explainthesignificanceoforiginalideas,if theideasareto
theirmathematicalbackgroundsto setup theirmachinesto beaccepted.Therefore,Englishliterature,grammar,
precisedimensions.Topreparefor careersastechnicians, speech,andcompositioncoursesmustbecompletedwith
individualswillbeexpectedtocompletesuccessfully
coursesofferedona levelbeyondthoseof highschool



aboveaveragegrades.Effectiveoralandwlitten self- LookingAheadto College
expressionis crucialto successinanycareerfield.Courses

m history,civics,economics,politicalscience,geography, It is importantto reviewthe entrancerequirementsof sev-
sociology,psychology,andforeignlanguageswill stimulate eralcollegesbeforeyouplanyourhighschoolcurriculum.
your thinkingandexposeyou to newconceptsandwaysof Also, it is importantto planyour highschoolcourseswith
hying.Foreignlanguagesarerecommendedbecauseinter- the assistanceof yourguidancecounselor,teachers,and
nationalcooperationandcompetitionhavebecomeimpor- parents.Collegecatalogsandadmissionsofficersat col-
tant aspectsof modernscienceandtechnology.For legesof yourchoicewill providespecificdetailsabouttheir
example,manyscientificpapersarepublishedinforeign requirements.Knowingentrancerequirementswill provide
languages, abasisfor the selectionof themostappropriatecourses.

Thiswill preventyou frombeingrequiredto completeaddi-
Studentsareencouragedto takeawidevarietyof advanced tionalcoursesprior to admissionto college.It alsowill pre-
subjectsso thattheywill bepreparedfor severalpossible ventyour rejectionbya collegeof your choiceonthe basis
careerfields.Coursesin manualskills (woodworking,basic of inappropriateor insufficientcoursework.
electricity,typing,andmechanicaldrawing)will helpyou
recognizeyour aptitudesfor technicalwork.Theywill Most collegesrequirescoresonstandardizedcollege
acquaintyou with materialcoveredincollegecourses, entranceexaminations,This informationis foundin college
Skillstaught inatypinqcoursewill beappreciatedwhen catalogs.TheScholasticAptitudeTest(SAT)andthe
collegepaperassignmentsaredue.If timepermits,a short- AmericanCollegeTest(ACT)arethe namesof these
handcoursewill bea tremendousassetto a studenttaking entranceexaminations.Checkwithyour counselorfor the

notesduringclasslecturesandlaboratoryperiods, datesofthesetestsandproceduresfor registeringto take
them.

Scientificandengineeringcareersrequirecollegedegrees.
To gainadmissionto colleges,studentsmustearngood Someschoolsystemsofferacceleratedstudentsthe option
gradesin collegepreparatorycourses.Thesenormally of takingAdvancedPlacementexaminations.Certaincol-
includeEnglish,mathematics,naturalsciences,socialsci- legesoffercollegecreditsto studentswhodistinguish
ences,foreignlanguage(s),andappropriateelectives.Make themselveswith highscoresonthesetests.In thisway,
surethatyou havecompletedall requiredcoursesfor high advancedstudentsmayearncollegecreditswhilein high
schoolgraduationandcollegeentrancebeforeyou se!ect school.Thisreducesthetimeandexpenserequiredto earn
electivecourses.Gradepointaverage,classrank,scoreson acollegedegreeandallowsstudentsto registerfor addi-

standardizedtests,recommendations,andparticipationin tional courseworkof particularinterest.Collegecatalogs
andguidancecounselorsaresourcesof informationaboutextracurricularactivitiesareconsideredby selectioncom-

mitteesat colleges, this opportunity.

Extracurricularactivitiesareanimportantpartof a well- Selectinga College
roundedhighschoolprogram.Participationinsciencefairs

Chooseyourcollegeor universitycarefully.Gatherinforma-
andin science,mathematics,or computerclubsareespe-

tion aboutseveralcollegesbeforeyoudecideuponyour
ciallyrelevantbecausetheygiveyou anopportunityto

favoritechoice.Youshouldapplyto severalcollegesin case
applywhatyouhavelearnedinclassesandto exploreareas

you arenot selectedbythe onefirst onyour list. Checkthe
not coveredintheformalcoursework.Sports,studentgov-

advantagesanddisadvantagesof eachschoolwithyour
ernment,clubs,schoolpublications,andprogramsoffered

tentativecareergoalsinmind. It is a goodideato beginthe
throughthe communityprovideenjoyableopportunitiesto

applicationprocessduringthesummermonthspreceding
meetnewfriendsandexploreinterests.Theyareevidence
of anactive,interestedstudent.Admissioncommitteesat your senioryearin highschool.Thiswill giveyoua head

start overthe thousandsof seniorsalsoapplyingto the
collegesandsummeror part-timeemployersusuallystudy

schoolsyou select.Perhapsyouwill knowof your accep-
a student'sacademicrecordandparticipationinextracur-

tanceor rejectionby Christmas.Thiswill beareliefand
ricularactivities, reducethetensionandsuspenseof waitingto learnyour

status.It will alsogiveyouanopportunityto applyto other
- collegesif youarenotaccepted.
=



Factorsto ConsiderWhenSelectinga College BasicCollegeCourses

Perhapsthe mostimportantfactorinselectingacollegeis Undergraduateprogramsleadingto degreesinthe lifesci-
thecurriculumoffered,in termsof itscompatibilitywith ences,physicalsciences,mathematics,or engineeringare
yourcareergoals.However,anumberof otherfactorsalso thefoundationsfor mostcareersin scienceorengineering.
needto beconsidered,suchasavailablehousing,accredi- Knowledgeof basicprincipleswill enableyou to adaptto
tation,entrancerequirements,cost of tuition,fees,room thecontinuallychanging_.,riorttiesandrequirementsthat
andboard,financialassistanceprograms,life styleof the arecharacteristicof occupationsin industry,goverr,nent,
students,location,travelandsocialexpenses,sizeof the andacademicinstitutions.Thisunderstandingprovidesa
college,aswellas classsizein basiccoursesandstudent solidfoundationfor comprehendingtheever-expanding
facultyinteraction, bodyof knowledgein thefieldsof science,engineering,and

technology.Ascientistor engineercompletesa basic
Sincethe selectionof acollegeis amajordecisioninyour
life,andsinceit isoftendifficult to transferfrom onecol- undergraduatecurriculuminthe chosenfield andthen

becomesmoreskilledthroughworkexperiencesin
legeto anotherafterbeginningyourcollegecareer,you are

researchanddevelopment,andthroughadditionalcourses.
wiseto gatherinformationfromyourfamily,your guidance

Learningnewtechniques,cooperatingwith newpeople,and
counselor,the admissionsofficerat thecollege,collegecat-

workingin differentenvironmentsprovideschallengeto
alogs,andfriendswhohaveattendedthecollege.Visitsto

theseprofessions.
thecampusaresuggested.Remember,sometimescom-
promisesandalternatechoicesmustbemade,so be At thecollegelevel,it is bestto avoidover-specialization
flexible! too early.In therealworld, fewprofessionalsendupdoing

exactlywhattheyhadplannedto dowhentheyenteredcol-
Cost? lege.Thebroaderthe educationalbase,thewiderthe choice

Thecostof aneducationto preparefor scientificandengi- of occupationsupongraduation.As mentioned,thefirst
neeringcareerswill vary.Highschoolgraduateswith good two yearsof thecollegecurriculafor mostfieldsof science

gradesandasincereinterestin acollegeeducationusually andengineeringaresimilar,withemphasisonmathematics
canfind waysto financethe costsof earningacollege (including,typically,threesemestersof calculusandoneof
degree.Costsaredeterminedby suchfactorsaschoiceof differentialequations)andcollege-levelcoursesin biology,
institution,choiceof curriculum,andyour eligibilityfor and chemistry,andphysics.At thejuniorandseniorlevels,the
acceptanceof scholarshipsorotherforms offinancial curriculabecomemorespecialized,butthereis still the
assistance.Scholarships,loans,grants-in-aid,fellowships, opportunity,by meansof electivecourses,to obtainabroad
work-studyprograms,part-timejobs,andcooperativeedu- education.

cationprogramsareavailableto qualifiedstudents.
Guidancecounselorscanassistyou in locatingsourcesof Curriculum
financialaid.Severalbooksonscholarshipsareavailablein Regardlessof the fieldof engineeringa studentelectsto
librariesandin theguidanceoffice.Thisinformation study,initial emphasisin alldepartmentsis onthefunda-
changesandrequiresplanningandcorrespondenceto mentalsof engineeringeducation.Duringthefreshmanand
ensureyour eligibilityfor funds.Theextraeffort maypayoff sophomoreyears,allengineeringstudentstakegeneral
in thousandsof dollarsfor your education, coursesin calculus,chemistry,physics,English,social

studies,humanities,physicaleducation,andintroductory
Manycollegesoffercooperativeeducationprograms.
Studentsin thes_programsalternateperiodsof college engineeringcourses.Inyour junioryearyou will begintak-

ingspecializedengineeringcoursesinyour majordepart-
studyandworkatjob sites.Thisopportunityprovidesprac-

ment.In additionto thesespecializedcourses,you will _8
ticalworkexperienceswhichbring"life" to classroomtheo-

ableto selectelectivecoursesin engineering,relatedsci-
ry, inadditionto helpingfinanceyour collegeeducation.

ences,business,andliberalarts.
Practicalon-the-jobexperienceswill helpyoudecideif you
reallyenjoythe work.Theseexperiencesmayreinforceyour Thus,althoughattentionis givento specialization,instruc-
careerplans,or youmaydecideto changeyourplans, tion is focusedprimarilyonfundamentalsandthe applica-
Valuablecontactsareestablishedfor permanentemploy- tionof thesefundamentalsto engineeringanalysisand
mentaftercollegegraduation.Also,therelevantexperience designproblemswhichareessentialto professionalgrowth
mayqualifyyou for ahigherentry-levelpositionthanif you andlifelonglearningin thisareaof rapidadvancementof
hadonly theformalcollegecoursework. knowledge.





StepstoScholasticSuccess Your interestsandyour abilitiesgo hand-in-t]andwhen
planningfor potentialcareers.If you haveagreatdealof

Careersinscience,englneerlng,andtechnologyrequire interestin anareabut littlenaturalability,you will notbe
successin higherlearning.Themostwidelyacceptedcrtte- capableof performingthetaskscompetently.Likewise,if
rionof academicsuccesstshighgradesin thecoursework you havetile ability to performbut little interestin anarea,
completed,Gradesoftenarethemostimportantbasisfor youare likelyto beunhappywith thatcareer.Naturalability
beingselectedfor a job, beingadmittedto collegeor gradu- plusan interestina particularcareerwill leadto moresatis-
ateschool,or receivinga scholarship, factionwith yourwork. Interestinventorytestshavebeen

A combinationof factorsseemto affectastudent's designedto helpyou becomeawareof areasof interest,
scholasticsuccess.Themostsignificantof theseare intelli- Youmaywantto askyourguidancecounselorto arrange
genceandspecialabilities,motivationto succeed,and for youto takeoneof thesetests.
managementof effectivestudymethods,Thelattertwofac- Manyextremelybrightstudentsfail coursesandmany

tors canbeimprovedby effortson thepart of thestudent, studentswith averageintelligenceexcel.Whataccountsfor
Thekeyto successis to identifyyourspecialabilities,inter- this difference?Expertssayit is partiallythe desireto learn
ests,andpotentials,andmakethebestuseof them, the subjectmaterialandto achievelong-termgoals,A

Careersin science,engineering,andtechnologyrequire strongdesireand intentionto learnresultsfrom interestin
interestandabilityin mathematics,science,andtechnical the subjectmaterial,theabilityto comprehendthe material,
subjects.Whatschoolsubjectsdo youlike best?Whatare anda purposefor masteringthe material.Motivationora
yourstrengthsandweaknesses?Whatexamplesdoyou desireto succeedacademicallysuppliesthe energyneces-
haveasevidenceof your abilities?Gradesyou haveearned saryto planandpracticeeffectivestudyprocedures,
in pastcoursesaregoodindicators;othersarescoreson Motivesareamongthestrongestinfluencesonyour behav-

achievementandaptitudetests.Yourguidancecounselor ior. Theyaffectthe amountof timeandeffort youarewillin£
will interpretthesescoresfor you, It is importantto under- to exertin orderto succeed.Themostpowerfulmotivations

standyourspecialabilitiesandmatchthemwith potential arisefrom yourgoalsandaspirations.Forexample,ifyou
careerfields.Yourcareerwillbemuchmorerewardingif it reallyfeelsuccessfulandhappywhenyouhavernastered
challengesyouwithworkappropriateto yourabilitiesand complexmathematicalequations,yourcareergoalmaybe
interests, to becomeamathematician,Youwill bemotivatedtostudy

AstronautJefferyA,Hoffman
surveystheattachmentoftwo
snaggingdevicesconnected
totheremotemanipulatorsys-
tem(RMS)andeffectorof "

Discovery. %_



andlearnbasicmathematicalprinciples.It yourgoal is 6, Am I goingbecausernyfriendsaregoing?

acceptanceat anIvy Leaguecollegeandthatdependsupon 7. Ami afraidI'll disappointmyparentsif I don'tattend

earningstraightAs,youwill dedtcateyourselfto efficient college?
studypatterns.If the praiseof yourparentsandassociates

8. CanI handlethefreedomsof collegedependsuponacademicsuccessandyou wanttheir praise,
life-- nocurfews,managingmy ownexpenses?you will developandfolloweffectivestudyschedules.For

thesereasons,studentswith averageIntelligenceand 9. Am I responsibleenoughtocompleteassignmentson
stronginterestsandgoalsusuallywill succeedin theirstud- timewithoutthe watchfuleyeof myparentsor teach-
ies,Onthe otherhand,studentsgiftedwith intellectualabili- ers?

ties, but lackinginterestandpurposefor studying,maynot 10, CanI establishshort-termeducationalgoalsfor eacll
besuccessful, semesteror quarter?

Goalsandaspirationsreflecthowyoupictureyourselfin
Efficientmanagementof timeandstudyproceduresistermsof otherpeople,Theyreflectyourestimateof your

chancesof succeeding,Pastsuccessesandfailuresinflu- alsoasignificantfactorin theformulafor academicsuc-
enceyourgoalsandaspirations.Successfulacademic cess.Efficiencyimpliesmaximumlearningfromthe least
experiencesincreaseconfidencein yourabilityto succeed, timeandeffort expended.It requiresorganizingyour time
Theymotivateyou to continuetheworknecessaryfor intoeffectivestudypatternsthatworkfor you,Planninga
repeatedsuccesses.Goalsettingrequiresthatyou recog- studyschedule,andstickingto it, requiresrealeffort, It
nizeyour interestsandabilities.Pastexperiencesaregood meansyou mustdecideuponpriorities,
indicatorsof theseinterestsandabilities.Themost satisfied A goodruleof thumbis that,particularlyfor mathemat-

studentsseemto tie theiraspirationscloselyto their levels icsandtechnicalcourses,you shouldallowat leasttwo
hoursfor studyfor eachhourspent inclass.of performance,Theysetflexiblegoalsso thatchangescan

As youdevelopastudyschedule,youmayfind it neces-bemade.Thesechangesmayresultfrom acquiringmore
information,moreself-awareness,andmorematurity, saryto giveupor postponeactivitiesthatarefun,suchas

Flexibleandattainablegoalswill preventfrustrationsand watchingTV,goingto themovies,talkingonthe phone,or
disappointments, justvisitingwith friends,Leisuretimeactivitiesare impor-

If yourgoal is to becomea scientist,engineer,or techni- tantto allof us.However,theymustbescheduledin rela-
clan,you musthavenaturalor acquiredabilities,interests, tionto thestudyschedule.A sensiblebalancebetween
andpastsuccessesinmath,science,andtechnicalsub- leisureactivitiesandstudy increasesastudent'schancesof

success,Yourschedulefor studyshouldbecomea habit.jects.Scienceandengineeringcareersrequireat leasta
bachelor'sdegree.Thisrequiresdevelopingstudypatterns Settingatimeto studyacertainsubject

increasesthelikelihoodthatyou will retainthe materialandwhichwill leadto successincollegecourses.

Thefollowingquestionsmayhelpyouclarifyyourgoals decreasestheamountof timethatyouare likelyto waste.
andmotivesfor pursuingacareerin scienceengineering, Regularityseemsto bethekeyas wellashavingone'spri-

oritiesinorder.
or technology.Spendsometimethinkingabcuttheseques-
tions: Developingeffectiveandefficientstudyhabitsrequiresa

knowledgeof goodstudytechniquesanddevelopinga
1. Do I reallyenjoystudyingmathematicsandscience studyplan.Counselors,teachers,anda numberof refer-

courses? encebookscanprovideinformationnn studyskills.Thefol-
2. Do I havethe interestandability to succeedinthese lowingaresomeexamplesof techp .Jesthat shouldprove

courses? helpful.

3. WhyhaveI consideredacareerin science,engineering,
or technology?

= 4, Whatspecialqualificationsdo I havefor thesekindsof
jobs?

5. DoI reallywantto goto college?



NASA,_cientL_ts"flV"comput,
e.ri:edfighterin3_

(topleft) (bottomleft)

NASAresearchershave"flown"acompletethree-dimensionalhigh- TheflowaroundanF-18aircraftflyingatahighangleofattackis
performanceaircraftinasupercomputerforthefirsttime. computedhereusingcomputatio,_alfluiddynamics.Thesolution

Theaccuracyofsolutionsobtainedfromcomputationalfluid isanalyzedusingvisualizationtec¢,TiquesdevelopedatNASAAme,_
dynamicsisdeterminedbycomparingthesolutionwithexperimen- ResearchCenter.Flowfieldfeaturesa,_hiohlight_usingairparti-
taldata.FortheF-18aircraft,a largeexperimentaldatabaseis cletraces.Tracesshowtheflowpatternsonthewingsandnose
gainedfromflightexperimentsconductedatNASA'sDrydenFlight andtheburstofthevorticesgeneratedbytheleadingedgeexten-
PesearchFacility;theleadingedgeextensionis visualizedby sions.Alsoshownarerelativesizeandstrengthof thevorticesthat
smokereleasedintotheairstream.Thisisoneindicationthatthe developontheforebodyend.
computationcanaccuratelyresolvethefeaturesoftheflowaround
theF-18flyingathighangleofattack. (bottomright)

Theresearchispartofaneffortto reducewindtunneltestingof Scramjetengineexhaustismodeledinthissupercomputer-
newaircraftdesigns,Supercomputerdesignhasthepotentialtobe generatedimageofanaerospacevehicleaspartoftheNational
lesscostlyandgivesdatanotavailablefromwindtunnels,suchas Aero-SpacePlane(NASP)Program.Red-to-pinkindicatesareasol
greaterdetailonflightconditions, highestairdensity,includingtheexhaustarea(seenontheunder

surfaceatrear).Contourlinesthatringtheairplaneindicateair
(topright) densityawayfromthesurfaceatselectedpoints.

Here,thecomputedsurfacepressureisrepresentedusingcolor Researchersat,VASA'sLangleyResearchCenterarestudying
contours.Bluerepresentsregionsoflowerpressure,withpressure enginenozzleperformanceandexhausteffectsontailcontrolsur-
increasingthroughthegreen,yellow,andredregions.Theregions faces.TheimagesimulateswindtunneltestconditionsatMach16
areduetotheleadingedgeofthewingandhorizontaltail. Thevor- (approx.6,500mph).
ticesprovideadditionallift totheaircraftflyingathighangleof
attack.



StudyHabitsfortheStudent improveallof yourschoolwork.Herearesomeaidsthat
willhelpyouto trainyourselftolistenbetter:

The Physical Setting for Study 1, Whilelistening,lookfor mainideas,

Thephysicalsettingfor studyaffectsconcentration. 2. Whilelistening,takenotes(butdon'ttryto takedown
Inabilitytoconcentrateisoneofthemajorcausesof ineffi- everything).

cientuseofstudytime.Agoodlocationmakesiteasyto 3. Revisenoteslatertoclearuppoints,andfixthemateri-
startstudyingandhelpsconcentration.Herearesome almorefirmlyinyourmindfor futureuse.
pointsthatmayhelp:

1. Locateagoodstudydeskor tablelocatedin anarea PreviewReadingAssignments
awayfrothdistractions,suchasotherpeopletalking,
radioorTV,etc. Previewingisimportant,Itwillsaveyoutimebecauseit

)reparesyoufor betterunderstandingandfasterreading,It
2, Seethatyourstudyareaiswelllightedandwear alsowillhelpyourememberbetter.Here'showto preview:

glassesifyouneedthem. 1. Readoverthetitleof thechapter.Fromthetitletryto
3. Studybyyourselfmostof the time. getanideaofwhatthechapterwillbeabout,

4. Keepstudymaterialsandbooksnearathand, 2, Lookoverthesectionheadings.

5. Makeefficientuseofstudyperiodsandfreetimeduring 3. Readthefirstandlastparagraphsof theassignment.

thedayatschool. 4, Studythepictorialaids(illustrations,graphs,tables,

Planning Your T/me for Study etc.).
5. Takean inventory-- asky)urself,"WhatdoI know

Planningor budgetingyour studytimeis veryimportant.It aboutthechapter?"
is essentialnotto fall behind.Onceyoufall behind,it is very

hardto catchupbecausethereisalwaysnewworktobe ReadingtheAssignment
done.Thisistrueofallsubjects,butparticularlysoof
mathematics,science,andforeignlanguages,wherean Readinganassignmentrequ)resactivethinking.Whatyou
understandingof thematerialalreadycoveredis usually derivefromyourreadingdependslargelyonwhatyoubrino

essentialtounderstandingthenewmaterial.Herearesome to it.Goodreadingrequiresinterest,knowledge,and
pointsto rememberin planningyourstudytime: curiosity.Forgoodreading:

1, Makeandkeepa studyschedule, 1. Makeupquestionssuggestedbythemainheadings.

2. Budgetyourstudytime, Turnchapterheadingsandsubheadingsintoquestions.
2. Readto answeryourquestions.Asyouread,watchfor

3. Useoddmomentsfor studying_ takeadvantageof
theanswersto thequestionsyouhaveraised.It meansbrieftimesduringthedayorenroutetoschool.
readingallof the materialrequiredbyyourassignment,
butyoushouldbelookingforyouranswersasyou

Better Listening and Note Taking read.

In school,aswell asoutof school,listeningisvery impor- 3. Checkyour understandingby recitingtheanswers.
tant.Goodlisteningis anactiveprocessandrequirescon- After findingthe answerto yourquestion,repeatit to
centration.Unlikereading,listeningcannotberepeated yourself.Stopreadingat the endof eachsection,take
(withoutpotentialembarrassment)if youmiss thepointthe timeout,andrepeatinyourownwordstheanswersto

first time,Thegoodlisteneris constantlythinking,evaluat- your question.

ing, anddrawingconclusions,In school,bealertto impor- 4. Rereadwhennecessaryto clarifyanyideasof which
tant ideasthatarediscussedin class,Your teachersand

you areunsure.
classmateswill presentmaterialandexplanationsthatyou
maynotfind in yourtextbooks.Nooneelsecanlistenfor

you,andsomeoneelse'snotesarenotagoodsubstitutefor
your own. Improvingyour listeninghabitsandskillswill



Note Taking 9. Try to usewhatyou learn.Youte=Idto rememberthe
thingsthatyou put to use.Youmightexplaina lesson

1. Jotdownthe keywordsandphrasesin apreliminary to someone,useanewideaduringadiscussion,try to
outline,Thesenotesareforyour personaluseand relatenewfactsor conceptsto ideasalreadystudiedin
shouldbehelpfulto you.Noteswill not supplyall the the samesubject,inothersubjects in conversations,
informationin detail,but theywill giveyou apicturein andinyour ownpersonalexperience.
outlineform.Whentakingnotes,keepthesepoints in
mind: 10. In mostmathematics,science,andengineering

a. Useyourown wordswheneverpossible, courses,problem-solvingis essentialto effectivelearn-
b. Confineyour notesona chapterto onesideof a ing.Youshouldnot onlyworkall the assignedprob-

notebooksheet,if possible, lems,but besureyouunderstandhowyouarrivedat
c. Lookoveryour notesa dayorsoaftertakingthem, the answer(s).

If theylackclarityandareclutteredor poorlyorga-
nized,revisethem. TakingExaminations

2. Underlinekeywordsandphrases.If you ownthebook, Yourbestpreparationforexaminationsis regular,day-by-
y_umayprefertounderlinekeywordsandphrasesin daystudy.Youshouldsetsometimeasideforperiodic
thebook.However,donotunderlinea majorfractionof review;at leastonehourforeachsubjectperweekshould
thetext. consistof review.Herearesomeaidsinpreparingfor

examinations:
3, Makediagramstoclarifyideaswheneverthisseems

necessaryorappearstobehelpful. 1. Planadefiniteex .,'ninationstudyscheduleandstick
to it.

Remembering 2. Prepareandstudya masteroutlineofthesubject,The
masteroutlineisacondensedversionofallyournotes

1. Findan interestinwhatyouarestudying, onlectures,discussions,andreadings,
2. Haveac!ear-cutgraspofthebasicideas.Clearunder-

3. Tryto makeupanexamfor eachcourseinwhichyou
standingisnecessaryfor goodremembering, expectto betested.Thentakeit,checkit.Beserious

3. Learnbywholes.Beforeyoubeginto study,knowwhat aboutit.
theauthor'smainthemeisandhowthemainideasare

4. Getagoodnight'ssleepbeforetheexamination.
related.Thenstudytheparts,thedetailswhichsupport

the principalideas. StudyHelps
4. Usemoreofyourtimein recitingthaninrereading.

FiveSourcesof Information
Recitinghelpsyouto rememberbetterthanrereading,
becauseit forcesyoutothinkharderasyoutryto recall 1. Useyourownresourcesasmuchaspossible:
whatyouhavelearned, a, Getintothehabitof relyingonyourself.Donotlean

onothersanymorethannecessary.But,know5. Spotthekeywordsandphrases.Theywillhelpyou

remembertheideasforwhichtheystand, whenandwhomto askfor help.
b. Takeanactiveinterestinyourstudies.

6. Useasmanyof yoursensesinasmanywaysaspossi- c, Useinitiativewhenstudying.Dosomeextraread-
ble.Tryreading,reciting,writingouttheanswer,or ing,whetheror notit isassigned.Worksomeextra
sketchingdiagramswhereappropriate, problemsbeyondthoseassigned.Bealertforcur-

7. Distributeyourlearningpracticeoverseveralstz_,,, renteventsthatmayhaveabearingonwhatyouare
periods.Youwill remembermorefrom anassignment studying.
if youdivideyourlearningofanysubjectovertwoor d. Preparecarefullyfor class.Carryouttherequired

moreseparateperiodsof moderatelength, assignmentsandmasterthem.Donotletyourself

8. Learnforthe future.If youmemorizesomethingonly fallbehind.
wellenoughto passanexamination,youwillprobably e. Participateactivelyinclass.Enterintodiscussion.If
forgetitquickly.Ifa factor ideaisworthlearningatall, thereissomethingyoudo notunderstand,ask
itisworthretaining.Youshouldoverlearntocompen- questions.Listenattentivelyandtakenotesduring
satefor thecurveofforgetting, class.



2, Masteryour textbook.Afteryourself,yourtextbookis Spell Correctly
youl most importantstudyhelp.Getthoroughly

Misspelledwordswill result in lowergrades,Yourbest
acquaintedwith it, friendis thedictionary:keepit handywhenyouwriteandif

3. Learnfrom otherstudents,Listenactivelyto whatyour in doubt,lookunfamiliarwordsup,
fellowstudentshaveto sayduringclassdiscussions,

recitations,questionperiods,andwhentheyreporton Build Vocabulary
booksreadorprojectsundertaken.Youmaynotagree
withwhattheysay,butthisinitselfcontributesto Vocabularybuildingis necessaryinallsubjectareas.The

learning, specializedvocabulariesnecessarytotheunderstandingof
science,socialstudies,math,foreignlanguages,and

a, Joina dedicatedstudygroup. Englishareyourresponsibility.Youcanreservea special
4, Talkoverwithyourteacheranyquestionsyouhave placeinyournotebookfordefinitionsthatarenecessaryin

concerningyourwork.Whenaquestioncomesup eachsubject.Anotherapproachisthatofkeepingvocabu-
aboutyourworkwhichyoucannotanswer,donotlet larycards;putthewordononesideandthedefinitionon
thematterdrop.Askthequestioninclass.If the theothersideofasmallindexcard.Youcanusedifferent

answergiveninclassdoesnotsatisfyyou,makean colorsfor differentsubjectsandkeepthecardsinafilebox
appointmentwithyourteachertodiscussthematter forhandyreferenceandstudy.
further.

5. Browseinthelibrary,Thismeansreadinghereand SolveMathematicsandScienceProblems
thereinbooksandmagazines.Youcanbrowsefor Efficiently

recreationorforstudyp_,poses.Browsingforinforma- Math,science,andengineeringcoursesdifferfrommany
tionshouldbesystematizedandpurposeful.You othersinthattheemphasisisondevelopinganabilityto
browsefor informationonaspecifictopicorto enlarge solveproblems.Onlyif youcanapplytheknowledgegained
yourbackgroundandknowledgeof aparticularsubject, inreadingthetextbookor listeningtolectures,doyoureally
Someof thetoolsintheschoollibraryandinthepublic understandthematerial,Therefore,practiceinsolving

librarythatyoushouldbecomefamiliarwithare: problemsisextremelyimportant-- simplyrereadingthe
a. DeweyDecimalSystem textbookis nosubstitute!Herearesomepointersthatmay

b. Cardcatalog/microfiche helpyou:
c. Dictionariesandglossaries
d. Encyclopediaanditssupplements 1. Statethequestioninyourownwords;besureyou

understandwhatiswanted.
e. Reader'sGuideto PeriodicalLiterature

f. LibraryofCongressClassificationSystem 2. Determinewhatprocessor formulasyouneed.

g. Indexesandabstracts 3. Listthefactsandfiguresrequiredtoanswerthe
question.

ReadFaster 4. Estimateyouranswer;makesurethatitsnumerical

Aproblemthatfacesstudentsinplanningstudytimeisthe valueisat leastreasonablebasedonyourgeneral
limitedperiodsof timewhichcanbesetasideforthatput- knowledgeof thesubjector similar,previouslyworked
pose.Readingfaster(whilekeepingthelevelofcomprehen- examples.

signhigh)canbeagreatasset. 5. Workoutyouranswerindetail;compareitwithyour
To beanefficientreader,youmustbeaflexiblereader, estimate.Besuretheunitsoftheanswerarecorrector

Thismeansthatyoumustrealizethatyoucannotread at leastreasonable.
everythingatthesamerate.Youneedtoreadtechnical

books,orthought-provokingessays,moreslowlythannov- Skimming
elsin ordertothinkthemthrough.Setyourpaceinaccor-
dancewiththematerialto becovered.A moredetailed Youskima pageorparagraphbymovingyoureyesrapidly

discussionof improvingyourreadingskillsis givenlater, overthematerialinsearchof specificinformation.
If youplanto increaseyourspeed,setreasonablegoals. Headings,topicsentences,keywords,andguidewordscan

If yousettoohighagoalforyourselfatfirst,youmaysoon helpyou.
becomediscouragedandgiveupaltogether.



ImprovingReadingRateand Comprehension 8. Improveyour vocabulary.Strangewordsinterferewith
understanding.Sincespeeuisafunctionof under-

1. Readregularly.Practiceis extremelyimportant.Read standing,youwillprofitfromasystematicattemptto
asmuchasyoucan.Practiceat leasthalfanhoura increaseyourwordknowledge.Keepadictionary
day,moreif possible, handy,

?. Beginwitheasymaterial.Attheoutset,readmaterial 9, Increaseyour storeof know/edge.Intelligentreading
withafamiliarvocabularyandideasthatcanbe requiresmorethana mereknowledgeofwhattheword
graspedwithouteffort.Getthefeelingofmovingalong means.Themoreyouknowaboutasubject,thebetter

thelinesofprintquicklyandcomfortablywhilestill andfasteryoucanreadit.
makinga consciouseffortto increaseyourreadingrate. 10, Don'tr :akea fetishof speed.Rememberthatspeed
Beginwithfictionalizedbiography,sciencefiction, withoutcomprehensioniscounterproductive.Slow
adventurestories,orothermaterialsofinteresttoyou. downastheoccasiondemands.Expertsusemany

3. Worktowardmoredifficultmaterials.Whenyoubegin speeds,notjustone,

to seeprogress,stepuptothenextlevelof difficulty. 11. Bepersistent.Thereisnomagicformulato showyou
Readnewsmagazinesandnonfictionontopicsof cur- howtodoubleyourrateovernight,Pressingtoread
rentimportance.Eventually,youwillworktoyourrate fasterandanswerquestionsmaybefatiguingatfirst.

onalltypesofreading.Assoonaspossible,turnyour Foratime,youmayevenseemmoreinefficientthan
attentiontoyourtextbooksor othermaterialdirectly before.Butkeepat it,Useanyfreetimeforadditional

applicabletoyourcoursework. practice.Witha littlepersistence,moreeffectiveread-
4. Understandwhatyou read.Rateisdeterminedprimari- ingwillbecomehabitual.

iy bytheabilitytocomprehend.Readaggressivelyto
answerquestions.Beforeyoustart,turnthetitleintoa
questionandkeepasking,"Whatistheanswer?What
istheauthorsaying?"Goinwitha question;comeout
withananswer.

5. Determineyour purposebeforeyou begin.Decidewhy
youarereadingtheparticularselectionandestimateits
difficulty,Thensetyourselfto readatyourmosteffi-
cientrateintermsofthesefactors.

6. Reducevocalizationin allsilent reading.Resolvetoget
thepointbythinkingthemeaning,notbysayingthe
words.Pressto readfasterthanthetopspeedatwhich
wordscanbepronounced.

7. Readunderprogressivepressure.Duringpractice,read
asrapidlyasyoucanwithoutjeopardizingcomprehen-
sion.Readasif youwereto takeaquizin10minutes
andhadn'tstudiedthelesson.
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NASACentersandEducationalPrograms

Introduction conductspre-collegeprogramsfor Additionally,therearenumerous
teachersandstudents. RegionalTeacherResourceCenters

AgoalofNASA'sEducationDivision
TheHigherEducationBranchadmin- (RTRCs)locatedthroughoutthe

is to maintainanadequatepoolof
istersundergraduate,graduate,doc- nation.Youshouldcontactthe

scientists,engineers,andotherpro- toral,andpostdoctoralprogramsfor CenterEducationalProgramsOfficer
fessionalstomeetnational

universityfacultyandstudents.The for yourstateto determinetheIoca-
aerospaceneeds.Personnelfrom

TechnologyandEvaluationBranch tionof thenearestRTRC.
NASAHeadquartersandthe nine

developsanddemonstratesthe use
NASAfieldcenterscarryout this of newteachingtechnologies.The SummerHighSchool
nationaleducationprogramcovering EducationalPublicationsBranchpro- ApprenticeshipandResearch
thespectrumfromelementary,mid-

videswriting,editorial,illustration, Program(SHARPandSHARPPlus)
die,andhighschools,to undergrad- design,layout,printing,anddistribu-
uate,andgraduatelevelsand tionservicesforNASA'seducational TheSummerHighSchool
post-graduateresearchprograms, materials. ApprenticeshipandResearch
NASA'seducationalprogramsalso Programsaredesignedas research-
recognizetheimportanceof teachers ElementaryandSecondary basedmentorprograms.Bothpro-
anduniversityfaculty. Programs gramsareestablishedto increasethe

NASAofferseducatorsawiderange ForinformationabouttheElementary participationofAfricanAmerican,
Hispanic,AlaskaNative,Native

of educationalservicesincluding andSecondaryBranchat NASA American,andPacificIslanderstu-
speakers,publications,audiovisual Headquarters,contact: dentsin mathematics,science,and
materials,software,advancededuca-

Dr. EddieAnderson,Chief engineering.
tionaltechnology,curriculumassis- ElementaryandSecondaryBranch

tance,electroniccommunications, CodeFEE,NASAHeadquarters SHARPis operatedat NASAfield
in-schoolsatelliteprograms,student Washington,DC20546-0001 centersfor selectedstudentswho

programs,andtrainingopportuni- (202)358-1518 residewithin the commutingdistance
ties. Informationaboutthesepro- of thecenter. SHARPPlusis theres-
gramsfollows. EachNASAfieldcenterhasa Center

identialcounterparton participatingEducationalProgramsOfficer

EducationDivision (CEPO).TheCEPOsserveasthe pri- collegeanduniversitycampuses.
NASAHeadquarters maryeducationalcontactsfor the Thecampusesareselectedbasedon

theretentionandgraduationof
TheEducationDivisionis comprised elementaryandsecondaryschool

AfricanAmerican,Hispanic,and
of fourbranches:Elementaryand communitiesin theirgeographic

NativeAmericanstudentsin engi-
Secondary,HigherEducation, areas.Thetableon page95delin-
TechnologyandEvaluation,and eatesthegeographicregions, neeringandsciencedisciplines.For
EducationalPublications.The moreinformationcontact:

ElementaryandSecondaryBranch



Mr. AhmadNurriddin,NASA HigherEducationPrograms NASA,givenresponsibilityfor

Headquarters,Elementaryand Formoreinformationaboutthe designingandmanagingtheSpace

SecondaryBranch,CodeFEE, HigherEducationBranchat NASA Grantprogram,developedthefollow-
Washington,DC20546-0001, ingobjectives:
(2:02)358-1518. Headquarters,contact: • to establishanationalnetworkof

Ms.ElaineSchwartz,Chief universitieswith interestsand

AerospaceEducationServices HigherEducationBranch capabilitiesinaeronautics,space,
Program(AESP) CodeFEH,NASAHeadquarters andrelatedfields;

Washington,DC20546-0001 • to encouragecooperativepro-
AerospaceEducationServices

(202)358-1531 gramsamonguniversities,
Programspecialistsconductwork-

aerospaceindustry,andfederal,
shopsfor teacherseachsummerat EachNASAfieldcenteremploysa
NASAfieldcenters,elementaryand UniversityAffairsOffice(UAO).Ill state,andlocalgovernments;

• to encourageinterdisciplinary
secondaryschools,andoncollege additionto conductinga varietyof
campuses.Workshopscoverastron- programsfor universitystudentsand training,research,andpublicser-

viceprogramsrelatedto
gray,aeronautics,lifein space,prin- faculty,theUAOservesasa focal
ciplesof rocketry,Earthscience,and pointfor informationto theuniversity aerospace;

• to recruitandtrainprofessionals,
remotesensing.A typicalworkshop communityaboutresearch,grant,
includeshow-toandhands-onactivi- andfellowshipopportunities,and especiallywomen,underrepresent-

ed minorities,andpersonswith
tiesto helpteachersincorporatewhat otheruniversity-relatedactivityatthe
theylearnintoclassroomactivities center, disabilities,for careersinaeronau-

tics andspace-relatedscienceand
andprogramsto supplementexisting GraduateStudentResearchers engineering;andcurricula.ContacttheCenter

Pro0ram • to developastrongscience,math-
EducationalProgramsOfficeratthe
NASAfieldcenterthatservesthe Thisprogramawardsfellowshipsto ematics,andtechnologyeducation

school'sgeographicare", orcontact: graduatestudentswhoseresearch basefrom elementarythroughuni-
interestsarecompatiblewithNASA versitylevels.

ElementaryandSecondaryBranch
programs.Approximately150new UndertheSpaceGrantprograma

CodeFEE,NASAHeadquarters awardeesareselectedeachyear nationalnetworkof publicandpri-
Washington,DC20546-0001

basedonacompetitiveevaluationof vatecollegesanduniversitieswith
(202)358-1518 academicqualifications,thepro- varyingdegreesof aeronauticsand
CooperativeEducationProgram posedresearchor planofstudy,and space-relatedresourcesandcapabili-

whereappropriate,the planneduti- tiesarejoinedby space-related
ANASA-wideprogram,the lizationof NASAresearchfacilities, industry,stateand localgovern-
CooperativeEducationProgramgives Forfurther information,please ments,andnonprofitorganizations.
highschool,college,andgraduate contact: SpaceGrantconsortiahavebeen
studentsanopportunityto workat a
fieldcenterwhilecompletingtheir HigherEducationBranch establishedin everystate,the District
education.Eachfieldcenternegoti- EducationDivision of ColumbiaandPuertoRico. Each
atesits owncooperativeagreements MailCodeFEH,NASAHeadquarters consortiumreceivesNASAfundsto
withschoolsin itsgeographicarea. Washington,DC20546-0001 beusedin implementinga balanced
ContactthecenterPersonnelOfficer (202)358-1531 programof research,education,and

publicservice.
at theNASAfield centerthatserves NASASpaceGrantandFellowship
theschool'sgeographicarea,or con- Program Moreinformationanda listofSpace
tact: GrantProgramsDirectorsmaybe

In 1987Congresspassedlegislation obtainedby writingto:

NASAHeadquarters creatingtheNationalSpaceGrant NationalSpaceGrantCollegeand
Attn:CatherineZegowitz CollegeandFellowshipProgram, FellowshipProgram
MailCodeFPH whichrepresentsa bold,sweeping HigherEducationBranch
Washington,DC20546-0001 commitmentto maintainingthis MailCodeFEH

(202)358-1570 nation'spreeminenceinaeronautics NASAHeadquarters
andspacescienceandtechnology. Washington,DC20546-0001



EducationTechnologyPrograms SatelliteVideoconference wealthof informationfor educa-
tors: publications,reference

Spacelink--Spacelinkis aninforma- Duringthe schoolyear,aseriesof
books,slides,audiocassettes,

tion accesssystemthatallowsindi- educationalprogramsis deliveredby
videocassettes,tele-lecturepro-

viduals_" ' g onandreceivenews satelliteto teachersacrossthecoun-
aboutcurrentNASAprogramsand try. Thecontentof eachvideocon- grams,computerprograms,les-

son plansandactivities,andlists
activitiesandotherspace-related ferencevaries,but allcover

of publicationsavailablefrom gov-
activitiesandinformation,including aeronauticsorspacesciencetopics

ernmentandnongovernment
historicalandastronautdata,lesson of interestto the educationalcorn-

sources.
plansandclassroomactivities,and munity. Thebroadcastsare interac-

evenentirepublications.Although rive;a numberis flashedacrossthe BecauseeachNASAfield center
primarilyintendedasa resourcefor bottomof the screen,andviewers hasitsown areasof expertise,no

teachers,anyonewitha personal cancallcollectto askquestionsor twoTRCsareexactlyalike.Phone
computerandmodemcanaccess takepart ina discussion.Forfurther callsarewelcomeif you areunable
the network, informationcontact: to visit theTRCthatservesyour

SpacelinkDirectDialvia Modem: Dr.MalcomPhelps geographicarea.Seepage95for
geographicregions.

(205)895-0028 TechnologyandEvaluationBranch
Dataword format:8 databits, no EducationDivision CentralOperationofResources
parity,and1 stopbit CodeFET,NASAHeadquarters forEducators(CORE)

InternetAddress: Washington,DC20546-0001 COREis a centralizedmail-order

spacelink.msfc.nasa.gov (202)358-1540 audiovisuallibraryfor educators;
VideoconferenceCoordinator noprintedmaterialsareavailable.

SpacelinkAdministrator
NASAAerospaceEducationServices Submita writtenrequeston your

MarshallSpaceFlightCenter
MailCode6A-21 Program schoolletterheadfor acatalogue

OklahomaStateUniversity andorderforms.Ordersarepro-Huntsville,AL35812
300N.Cordell cessedfor a smallfeethat

(205)544-6527 Stillwater,OK74078 includesthe costof the media.

(405)744-7015 NASACORE

TeacherResourceCenter LorainCountyJointVocational
Network--to makeinformation School
availableto the educationalcommu- 15181Route58 South

nity,theEducationDivisionhascre- Oberlin,OH44074
atedthe NASATeacherResource Phone:(216)774-1051Ext.293
Centers(TRCs)whichcontaina or 294

NASAEducationalOfficesHigherEducationPrograms

If youareattendingacollegeor uni- UniversityAffairsOfficer EducationDirector
versity,youmaycontactthefollow- Code241-3 MailCode180-900
ingofficesfor informationabout AmesResearchCenter Jet PropulsionLaboratory
programsandopportunities(e.g., MoffettField,CA 94035 4800OakGroveDrive
GraduateStudentsResearchers Telephone:(415)604-5802 Pasadena,CA 91109-8099

Program)for whichyou maybe UniversityAffairsOfficer Telephone:(818)354-8251
eligible. MailStop600

GoddardSpaceFlightCenter
Greenbelt,MD 20771
Telephone:(301)286-9690



UniversityAffairsOfficer UniversityAffairsOfficer UniversityAffairsOfficer
Mail StopAHU Mail Stop105-A MailStopDX01
JohnsonSpaceCenter LangleyResearchCenter MarshallSpaceFlightCenter
Houston,TX 77058 Hampton,VA 23681-0001 MarshallSpaceFlightCtr.,AL 35812
Telephone:(713)483-4724 Telephone:(804)864-4000 Telephone:(205)544-0997

UniversityAffairsOfficer UniversityAffairsOfficer UniversityAffairsOfficer
Mail CodeHM-CIU MailStop3-7 ScienceandTechnologyBranch
KennedySpaceCenter LewisResearchCenter MailCodeHA10
KennedySpaceCenter,FL 32899 21000BrookparkRoad StennisSpaceCenter
Telephone:(407)857-2512 Cleveland,OH 44135 StennisSpaceCenter,MS 39529

Telephone:(215)433-2956 Telephone:(601)688-3880

NASA Educational Offices Elementary and Secondary Programs

If youarean elementary,juniorhigh, Colorado,Kansas,Nebraska,New Alabama,Arkansas,Iowa,Louisiana,
or highschoollevelstudentoryou Mexico,NorthDakota,Oklahoma, Missouri,Tennessee

are in thetwelfthgradeor less,you SouthDakota,Texas Chief,EducationBranch
maycontactthefollowingofficesfor EducationalProgramsOfficer MailCodeCA-21
informationaboutprogramsand MailCodeAP-4 NASAMarshallSpaceFlightCenter
opportunities(e.g.,SummerHigh NASAJohnsonSpaceCenter MarshallSpaceFlightCenter,AL
SchoolApprenticeshipResearch Houston,TX 77058 35812
Program)for whichyou maybe (713)483-1257 (205)544-0213
eligible.

Florida,Georgia,PuertoRico,Virgin Mississippi

If youlive in: Islands EducationalProgramsOffice
Alaska,Arizona,Cafifornia,Hawaii, Chief,EducationandAwareness MailStopHA00
idaho,Montana,Nevada,Oregon, Branch NASAJohnC.StennisSpaceCenter
Utah,Washington,Wyoming MailCodePA-EAB StennisSpaceCenter,MS 39529

Chief,EducationalProgramsBranch NASAKennedySpaceCenter (601)688-1107
MailStopT025 KennedySpaceCenter,FL 32899 ForNASAeducationandtrainingpro-
NASAAmesResearchCenter (407)867-4444 gramsat HistoricallyBlackColleges
MoffettField,CA 94035 Kentucky,NorthCarolina,South andUniversities,HispanicServing
(415)604-5543 Carolina,Virginia,WestVirginia InstitutionsandTribalCollege

Connecticut,Delaware,Districtof EducationalOffice Contact:DivisionManager
Columbia,Maine,Maryland, MailStop400 MinorityUniversityEducationand
Massachusetts,NewHampshire, NASALangleyResearchCenter ResearchDivision
NewJersey,NewYork,Pennsylvania, Hampton,VA 23681-0001 CodeEU
RhodeIsland,Vermont (804)664-3312 Washington,DC20546-0001

(202)358-0970
Chief,EducationalPrograms Illinois, Indiana,Michigan,
MailCode130 Minnesota,Ohio,Wisconsin Additionaleducationprograms

NASAGoddardSpaceFlightCenter Chief,Officeof EducationalPrograms areofferedat theJet Propulsion
Greenbelt,MD 20771 Laboratory.Forinformation
(301)286-7207 Mail Stop7-4 contact:EducationDirector

NASALewisResearchCenter MailCode180-205

21000BrookparkRoad JetPropulsionLaboratory
Cleveland,OH 44135 4800OakGroveDrive
(216)433-5583 Pasadena,CA91109-8099

Telephone:(818)354-8592



U.S.DepartmentofEnergyLaboratoryandFacility-BasedScience
EducationPrograms

TheU.S.Departmentof Energy'ssci- BrookhavenNationalLaboratory KansasFieldOffice(Allied-KC)
entific researchlaboratoriesandfacil- Head,Officeof Educational AlliedSignal,_erospaceCompany

itiesareavailableas resourcesfor Programs P.O.Box419159
teachersandstudents.Formore BNL 2000East95thStreet

informationon programsavailablein 30 BellAvenue,Bldg.490 KansasCity,Missouri64141-6159
yourarea,pleasecontactthefacility Upton,NewYork11973
nearestyou. LawrenceBerkeleyLaboratory

ContinuousElectronBeam Director,CenterforScience&

DepartmentofEnergy AcceleratorFacility EngineeringEducation
Officeof UniversityandScience EducationProjectManager LBL
EducationPrograms CEBAF Universityof California

ER-80 12000JeffersonAvenue Bldg9380

1000IndependenceAve.SW NewportNews,Virginia23606 OneCyclotronRoad
Washington,DC20585 Berkeley,California94720

EG&GMound-AppliedTechnologies

AmesNationalLaboratory PrecollegeProgramCommittee LawrenceLivermoreNational
AmesLaboratoryEducationProgram EG&GMound-AppliedTechnologies Laboratory
IowaStateUniversity P.O.Box3000 ManagerofHumanResources
108Office,LaboratoryBldg. Miamisburg,Ohio45343 PlanningDevelopment
N-156Quadrangle LLNL
Ames,Iowa50011 FermiNationalAccelerator P.O.Box808

Laboratory Livermore,California94550

ArgonneNationalLaboratory Manager,EducationOffice
Directorof EducationalPrograms P.O.Box500 LosAlamosNationalLaboratory
ANL Batavia,Illinois60510 OfficeofUniversityRelations

9700SouthCassAve.,Bldg.223 LNL
Argonne,Illinois60439 FernaldEnvironmental P.O.Box1663-P278

ManagementProject LosAlamos,NewMexico87545
AssociatedWesternUniversities EnvironmentalTechnology,
AWU Education,andCommunityOutreach MorgantownEnergyTechnology

4190S. HighlandDrive Programs Center
Suite211 P.O.Box398704 DeputyAssociateDirector

SaltLakeCity,Utah84124 Cincinnati,Ohio45239-8704 METC
P.O.Box880

BatesLinearAcceleratorCenter IdahoNationalEngineering Morgantown,WestVirginia
BATES/MIT Laboratory 26507-0880
P.O.Box846 Directorof ExternalAffairs
Middleton,Massachusetts01949 INEL NationalRenewableEnergy

i P.O.Box1625,MS1131 Laboratory
BonnevillePowerAdministration IdahoFalls,Idaho83415-3500 NREL

BPA 1617ColeBoulevardBldg.17
P.O.Box3621SPB InhalationToxicologyResearch Golden,Colorado0401-3933

Portland,Oregon97208-3621 Institute
iTRI

P.O.Box5890

Albuquerque,NewMexico87185



NavalPetroleumReservesin PinellasPlant SavannahRiverEcologyLaboratory

California(NPR) P.O.Box2908 SREL
P.O.Box 11 Largo,Florida34649 DrawerE
28590Highway119 Aiken,SouthCarolina29802
Tupman,California93276 PittsburghEnergyTechnology

Center SavannahRiverTechnologyCenter
NevadaTestSite(NVO) AssociateDirectorfor Research& (SRTC)
Officeof ExternalAffairs Development EducationalPrograms
NTS PETC WestinghouseSavannahRiver
P.O.Box98518 P.O.Box10940 Company

LasVegas,Nevada89193-8518 Pittsburgh,Pennsylvania15236 P.O.Box616, Bldg.773-42A
Aiken,SouthCarolina29808

NorthwestCollegeandUniversity PrincetonPlasmaPhysics
As,_ociationofScience Laboratory StanfordLinearAcceleratorCenter
NORCUS EducationProgramsOffice EducationOffice
100SproutRoad PPPL SLAC
Richland,Washington99352-1643 P.O.Box451-Route1 P.O.Box4349,Bin-81

Princeton,NewJersey08543 Stanford,California94309
OakRidgeInstitutefor Science
andEducation RaytheonServicesNevada StrategicPetroleumReserve(SPR)
Chairman,Science/Engineering 222S. RainbowBlvd.,Suite213 900CommerceRoadEast
EducationDivision LasVegas,Nevada89128 NewOrleans,Louisiana70123

ORISE

P.O.Box117 RockyFlatsPlant SuperconductingSuperCollider
OakRidge,Tennessee37_31-0117 P.O.Box464 Managerof EducationPrograms

Golden,Colorado80402-0464 SSC

OakRidgeNationalLaboratory 2550BeckleymeadeAvenue
Director,ScienceEducational SandiaNational MS-2071,Bldg.4
Programs Laboratories(SNL),Albuquerque Dallas,Texas75237

ORNL EducationalPrograms
105MitchellRd. SNL-A WesternAreaPowerAdministration
MS-6496 ORG.9000-B WAPA

OakRidge,Tennessee37831-6496 P.O.Box5800 P.O.Box3402
Albuquerque,NewMexico87185 Golden,Colorado80401-3402

PacificNorthwestLaboratory
Manager,Pre-UniversityEducation SandiaNationalLaboratories(SNL), WestinghouseHanfordCompany
PNL Livermore (WHC)
P.O.Box999,MS-KI-66 EducationProjectLeader P.O.Box1970
Richland,Washington99352 SNL-LP.O.Box969 Richland,Washington99352

Livermore,California94551-0969



TheNationalTechnicalAssociation

TheNationalTechnicalAssociation(NTA),foundedin 1926, NTA,headquarteredinWashington,DC,hasnumerouspro-

is anorganizationof scientists,engineers,architects,and fessionalchaptersthroughoutthe US(listedbelow)as well
technicians,includingbothprofessionalsandstudents.Its asstudentchapters,mostlyassociatedwithmajorcolleges

goalsincludedevelopingandintegratingthetechnicalinput anduniversities.It holdsanannualnationalconference,
othereventssuchas StudentTechnicalSymposia,andpub-

of underrepresentedminoritiesinto thetotalscientificpro-
lishesaquarterlyjournal.Forfurther informationaboutNTA

cessandfurtheringanawarenessof theirtechnicalcontri-
anditschapters,contact:butionsto the world'ssocieties.NTA'sactivitiesinclude

improvingtechnicalinterchangeamongminorities,provid- NationalTechnicalAssociation

ingcareeropportunityinformationto minorities,andmoti- Attn: ExecutiveDirector

vatingandassistingminorityyouthtowardpursuing P.O.Box7045
technicalcareers. Washington,DC20032-7045

Tel.(202)829-6100
Fax:(703)684-3952

National TechnicalAssociationProfessionalChaptersby Region*

RegionI Region3 Region5

DelawareValleyChapter AugustaChapter St. PaulChapter
Philadelphia,PA Augusta,GA St. Paul,MN

PittsburghChapter HuntsvilleChapter Region6

Pittsburgh,PA Huntsville,AL ChicagoChapter
Kingof PrussiaChapter SouthFloridaChapter Chicago,IL

ValleyForge,PA Miami,FL ResearchCorridorChapter
BuffaloChapter SpaceCoastChapter Woodbridge,IL
EastAmherst,NY Titusville,FL

Region7
NewYorkChapter JacksonChapter
Brooklyn,NY Jackson,MS Dallas-FortWorthChapter

Garland,TX

Region2 Region4 HoustonChapter
BaltimoreChapter IndianapolisChapter Houston,TX

Baltimore,MD Indianapolis,IN MetroAreaNewOrleansChapter
WashingtonChapter DetroitChapter NewOrleans,LA
Washington,DC HighlandPark,MI

Region9
HamptonRoadsChapter AkronChapter
Hampton,VA Akron,OH GreaterPomonaValley

DiamondBar,CA
PetersburgChapter CincinnatiChapter
Petersburg,VA Cincinnati,OH SanFranciscoBayChapter

SanFrancisco,CA
RichmondChapter ClevelandChapter
Richmond,VA Cleveland,Ohio Region10

ResearchTriangleChapter ColumbusChapter ConnecticutChapter
Greensboro,NC Columbus,OH NorthHaven,CT

DaytonChapter Virgin IslandsChapter
HuberHeights,OH St.Thomas,USVI

*Regionsaredefinedbythefirstdigitofpostalzipcode(exceptRegionlO=ZipcodeOxxxx).
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