
intervals alongatelephonewirestrengthenedthecurrentgreatly."Accordinglyslightcoilsofwire(copperwithironcore)teninchesindiameter,werefastened,fourmilesaparttotheline,andthesereceivingtheelectriccurrentwerefoundtosenditonundiminished."Thatcuredthetroubleofattenuation.Theseringstreblethecapacityoftelephonelines.Asdistancesoftelephonygrewlongeritwasfoundthatironwirecouldnotbeusedprofitably.Copperbeingtriedcouldnotbetightenedsufficiently,andtheinventionofDoolottle,whosucceededinhardeningcopperwire,soastoenableittostandalmostthesamestrainasiron,simplifiedmatters.Interferencewasthelastofthetroubles,andthiswasgotoverbytwistingthewires.ProfessorBelldiscoveredthatiftwowiresofacircuitbewoundabouteachother,interference(induction)cannotoccur,asoutsidecurrentspassingintothetwistedwiresareneutralised.ThusthefirstandthelastoftheinventionsofthefirstthirtyyearsofthetelephoneareBell'sOfthemultiplicationofexchangesandtheimprovementsinthehandlingoftheirmulti-tudinouswiresitwouldbetedioustospeakatlength.Ofthethousandsofpatentstakenoutforthebettermentofvariousdetailsoftelephonesandcircuitsitisim-possibletospeakatall.Thechiefaspirationisstillunfulfilled.Itisforthecompleteremovaloftheattenuationwhichhasbeenpartiallygotridofsofarastheestablishmentofthe1700milelimitoflongdistancetele-graphy.WhencompletesuccessisattainedmenwillbeabletotalkfromParistoPekinandfromPekinbacktoParisbytheothersideoftheglobe.Afewfiguresareinteresting.ThereareintheUnitedStatesaloneinusesomesixmillionsoftelephones,andwhatmaybethenumberintheworldmaybeimaginedfromthefactthatthetelephonehasspreadoverEurope,Canada,alltheAmericastheBritishEmpirenotforgettingIndia,Burmah,China,Abyssinia,Persia,Turkey,Siberia,andothercountriestoonumeroustomention.OfthesetheUnitedStates,asbecomesthebirth-placeandcradleoftheinventior,standspre-eminent.Berlinhasonetelephonetoeveryseventeenfamilies:Parisoneto22:I^ondononeto58:NewYorkoneto12:Bostononeto6:andSanFrancisco(beforetheearthquakeof1906)oneto4.Theriseandprogressofthetelephonecompressedasitisintothelimitsofasinglegenerationmakeoneofthemostfascinatingstoriesinthehistoryofhumanachievement.ButfortheinitialdiscoveryofGrahamBellthatstorywouldhavebeenimpossible.Thatisthequestion,"hehumourously-soliloquised.Brazilwascharmedandsaidso.TheCommissionersleftoffscoffingandthetelephonebecametheprizehitofthegreatExhibition.OneoftheclausesofBell'swonderfulpatentisasfollows:,"Themethodoftheapparatusfortransmittingvocalsoundstelegraphically,ashereindescribedbycausingelectricundulations,similarinformtothevibrationsoftheairaccompanyingthesaidvocalandothersoundssubstantiallyassetforth."Thiswasthenoticetothepublicthattheinstrumenttheywereinvitedtouseforordinarycommunicationwouldtransmiteveryinflectionoftheirvoicesonetoanothei.Butwhenthefirstexchangewasestablishedin1877,itwasfoundthatthemagnettrans-mitterwasnotsufficientforbusinessneeds,andtheBellCompanysoughttoapplybatterypower.Edisonhereflashedintothefieldand,withhiscaibontransmitteradded,ledtheworldfoxsometime.ThefoundationofhissuccesswasthediscoveryoftheFrenchphysicist,CountdeMoncey,that"whentwoendsofaseveredcircuitarebroughtintocontact,theresistanceofthecontactisvariablewithandproportionatetothepres-surebetweenthem.ThenextstepforwardwasmadebyEdisonandBerlinerwhoactingseparatelycombinedtheinductioncoilwiththetransmitter.In1878,Pro-fessorHughesofIyondonproved,withhismicrophonethattoobtain,thebestresultswithresistancechangesduetochangesofpressure,itisnecessarytohavealightcontact.Fromthattimealltransmittershavebeenonthelightcontactplan.Beforethis,ironhadbeensubstitutedfortheparchmentofthefirstdiaphragms,andthethicknessfixedatonehundredthofaninch;experiencehavingprovedthatthinnersheetswereshrill,andthickerconfused.TheBlaketransmitterfollowedthedis-coveryofthemicrophone,butsensitiveaswasthattransmitteratshortdistancesitwasfoundtobeuselessasthedistancesincreased.Aruckofinventorsatthisjuncturejostledoneanotherforthediscoveryofsomeexped-ienttogetoverthatdifficulty.Theluckyoneprovedtobeaclergymanquiteunversedinelectricity.TheRev.H.Hunnings,u&inggranulatedcarbon,gavecleartalkingatlongdistancesandhistransmittercouldstandhighbatterypower.Butverysoonthegranuleswerefoundtobeliabletopack,thusstoppingthepassageofsound.In-vestigationrevealedthefactthattheelectriccurrentheatedthetransmitters.Morespacewasgivenandthepackingceased.Thebesttransmitter,theWhitesolidbacktransmitter,followed,inwhichthepackingisavoidedbytheinsertionofamicadisc,thecarbongranulesoccupyingonlypartofthespacebetweentheelectrodes.Thereceiverhasasimplerstoryofdevelop-ment.Theessentialpartsofthepresentreceiverconsistofmagnet,airchamber,diaphragm,ear-pieceandcase;theair-chambergivingincreaseddistinctnesstothevoicespeakingthroughthetransmitter.Butthenewtelephonewasnotcompletewiththeperfectionofthetransmitter.Thereremainedtheproblemoflongdistance.InthebeginningtheBellcompanyguaranteedcommunicationuptotwentymiles.To-daymentalkfreely1700milesapartwithasmucheaseasacrossanofficetable.Thefirstdiffi-cultywastheattenuationoftheveryweakcurrentsused.Aftermuchexperimentingandthegrantingofmanypatents,ProfessorPupin,ofColombiaUniversity,demonstratedthat"inductancesdistributedatcertainAugusti,1907,PROGRESS.Successfulengineeringistheoutcomeofahappycombinationofscienceandpracticalexperience;eachisessentialtotheother.Themanwhoisallsciencefails,becausehecarriesformulasandexactitudetothevergeofabsurdityinrealpracticalwork,whilethepracticalrule-of-thumbengineerfailsbecausehedependstoomuchonhisjudgmentasasufficientguide;thebalanceensuringsuccessliesbeyondthejunctionofthetwoprincipleseachmergedintheotheiItishardtosaywhethertheworkshoportheCollegetrainingisthemoreimportant.Certainlyalongworkshopexperienceisanimmenseadvantagetoanengineer,andamanhavingsuchatrainingislesslikelytodevelop"thatsuperiorair"thebetenoireofthemerecollegiatewhichstandssomuchintheSuccessfulEngineers.[ByPeterEllis,Wellington.]Thededicatoryexercisesofthenewbuild-ingoftheUnitedEngineeringSociety,at25WestThirty-ninthStreet,NewYorkcity,towhichAndrewCarnegiegave$1,500,000forconstructionandstillmorewhenitcametoraisinganendowmentfundwereheldonApril17th,1907.Theexerciseswereintheassemblyhallofthenewbuildingwhichisoneofthefinestauditoriumsofitskindinthecity.Mr.CarnegiesharedattentionwiththevenerableDr.EdwardEverettHale,Presid-entArthurT.Hadley,ofYale,AmbassadorCreel,ofMexico;SirWilliamH.Preece,presidentoftheinstituteofElectricalEngineersofEngland,andJohnFritz,ofthebuildingcommittee,whoreceivedthemostprolongedapplauseofanyofthosepresent.CharlesWallaceHunt,whopresided,hadasagavelthesettingmaulwhichMrs.Carnegieusedwhenshelaidthecornerstoneofthebuilding.T;C.Martin,presidentoftheEngineers'Club,readthistelegramofcongratulationfromPresidentRoosevelt:TheWhiteHouse,Washington,April13,1907.MyDearSir:IheartilycongratulateyouontheopeningofthebuildingoftheEngine-eringSocieties.Thebuildingwillbethelargestengineeringcentreofitskindintheworld.Itis,indeed,thefirstofitskind,anditserectioninNewYorkservestomarkandemphasisethesupremacywhichthiscountryissteadilyachievingthroughherproficiencyinappliedscience.Thewholecountryisinterestedintheerectionofsuchabuilding,andparticularlyofcourse,allofthosewhofolloweithertheprofessionofengineeringoranykindredprofession,andinnobranchofworkhaveAmericansshowntogreateradvantagewhatwelike'tothinkofastypicallyAmericancharacteristics.Withallgoodwishes,believeme,sincerelyyours,TheodoreRoosevelt.Mr.T.C.Martin,114LibertyStreet.PresidentHadleydeliveredtheprincipaladdressanddeclaredthatacombinationofethicalandtechnicalstandardswouldpro-ducethebestprofessionalservice,TheBuildingoftheUnitedEngineer-ingSociety.AnAmericanTribute.DuringtheformalopeningofthebuildingoftheUnitedEngineeringSocietyofAmericainAprillast,theJohnFritzGoldMedalwaspresentedtoAlexanderGrahamBellfortheinventionandintroductionofthetelephone.Thisisthethirdmedalofthekindawarded.ThefirstwasgiventoLordKelvinforhisworkincablelaying,andthesecondtoGeorgeWestinghouseforperfectingtheairbrake.HonoursfortheInventor.wayofsuccesstomanyreallyclevermen,andrendersthemunpopularamongthefraternity.Mathematicswillneverteachdesign;alivelyimaginationisessentialtothatend,andimaginationspringsfromobservationandexperience,forwhatcanamanimaginebutfromwhatheknows?Ifheimagineswheels,hehasseenwheels;iflevers,hehasseenlevers;andsomemenhaveapositivegiftamountingalmosttogeniusforcombiningthesethingsinoriginaldesignwhichhavenomathematicaloriginwhatever.ItdoesnothelppracticalengineeringmuchtoapplytheprecisionofaGenevawatchtothedammingofariver,andwealwaysfindthemostsuccessfuloftheworld'sengineersamongthosewhoknowhowtobrushasideunimportantpettydetailsandgivepromin-encetobroadpracticalprinciples.382


