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2.2 parte:
Os Engenheiros

Alessandro Volta (1745 — 1827) |

(Bologna) desenvolveu a
primeira bateria elétrica.

Hans Christian Oersted (1777 — 1851)

(Dinamarca) demonstrou a relagao entre
eletricidade e magnetismo.
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LA PHILOSOPHIE

B3 SOIENTES,

André Marie Ampére (1775-1836)

(Franga) Tinha sélidos conhecimentos
matematicos e deduziu as leis que regem as
atracoes e repulsées das correntes elétricas
entre si.

Michael Faraday (1791-1867)

(Inglaterra) Trabalhos experimentais sobre
eletricidade e magnetismo, lanca as bases dos
futuros desenvolvimentos de maquinas elétricas.
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[Ernst] Werner Von Siemens:1816-1892 [RIEUEELEIEES

Telégrafo de ponteiro (Zeigertelegraf) “SERMY

Siemens-Zeigertelegraf




Werner Siemens:

1847: fundagdo da Telegraphen-Bauanstalt
Siemens & Halske

1866: Inven¢do do motor-dinamo

1879: trem elétrico

1879: funda a Elektrotechnischer Verein.
Criador do termo Elektrotechnik (=Engenharia
Elétrica

1880: elevador elétrico

1882: bonde elétrico

1887: fundagao do Physikalisch-Technische
Reichsanstalt (atual PTB-Physikalisch-
Technische Bundesanstalt) por sugestao de
Siemens.

1888: Werner von Siemens

Kommutator mil Birsten

The dynamo-electric principle

A powerful driving force for 150 years

The discovery of the dynamo-electric
principle by Werner von Siemens has
brought about greater changes to the
way our society lives than practically
any other scientific breakthrough
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A magnetized ifon circuit forms
the basis of the dynamo
(elements outlined in blue).
Where the magnetic field is
strongest, 2 coil is inserted

and rotated.

—
—

Coil wound
double T arn

This coil is also wound over an
iron core (double T armature)

which amplifies the occurring
salf-exciting effact.

The movement in the magnetic field
induces a voltage in the coil which
allows current to flow over a
commutator or rectifier.

(=)
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The iron core is also wrapped by
coils. Electricity flows frem the
rotating coil over the rectifier
into these coils, causing them
to amplify the magnetic field

in the iron circuit,

The rotation of the coil in the
amplified magnetic iren circuit
allows to consum or supply
electrical power, now.

@ Slemens AG 2016
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Organ . d Fortschritte des Fisenbahnwesens.

Versuchszug mt der electro-dynamischen Locomotive

hg 2 RS i :
‘.’c,r\iér%e hnsichi inBetrieh n der Gewerbe - Ausstellung in Berlin 1879,
der Wagen Fig 12 2 Maafse' )-1:40. ;

Fid1. Settenansicht

o nemmr )

Fig.3 & 4 Maalsstab-1:20 und Fig 5 & £ Maalsstab-110.
Tig3 Vordere Ansicht. Fig 4. Querschnitt nach mn.
i i g

o 4. d

1879 : Elektrolokomotive - Werner von Siemens
300 m, 150 V DC, Motor 2,2 kW, max. 7km/h
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FEnsuAky 26, 1850 ) Seientific American,
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1879 - Elektrolokomotive - Werner von Siemens-
300 m, 150 V DC, Motor 2,2 kW, max. 7km/h
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(Berlin) tram, 1882
2,4 km, 180 Volt DC, Motor 4 kW (5,4 hp)

Thomas Alva Edison

Tho Miracls of the 1th Centary.

gEaNOM

The Ta.lking
| SuAey, oy,

Edlsons Phonograph,

THE DREAM OF THE INVENTOR REALIZED.
It will Talk, Sing, Laugh, Crow, Whistle, Re-
peat Cornet Solos, imitating the Human
Voice, enunciating and pronouncing
every word perfectly,
IN EVERY ENOWN LANGUAGE.

This wonderful machine, which has attracted the attention of thinking
men all over the civilized world, and whe have pnonounced it
without a dissenting voice, the most Marvelous Acous-

tieal Phenomenon of the Century. Will be
exhibited in Grand Rapids, at Ph q o q
otograph of Edison with his phonograph (2nd
FRIEDRICH'S MUSIC HALL, gEn el phonograph (
model), taken in Mathew Brady's Washington, D.C.
Commencing WEDNESDAY. JULY 34 A q
[Exhiblied Daily July 34, Ath 5th and 6th, studio in April 1878.
e porveramyrrie eyt e b g o gl g A
B o, and from 8 10 10 nﬁlm T eparein wil ity s ek 1oy mnhe ey e T Levin C. Handy (http://hdl.loc.gov/loc.pnp/cwpbh.04326) - Brady-
P oelal attaati Handy Photograph Collection (Library of Congress) -
http://hdl.loc.gov/loc.pnp/cwpbh.04044, Dominio publico,

Spenal athstion pabd b Ladies wid Children
ADMISSION, only 25 Cents, C]illllmn, 10 Cents. OC-PNp! 3 3
https://commons.wikimedia.org/w/index.php?curid=1550649

Tagie Bk Job WEGHE—W_C. Deanly & 6
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No. 223,898.

T. A. EDISON.
Eleotric-Lamp.

Patented Jan. 27, 1880.

1879
T.A.Edison: Lampada Elétrica

¢
+
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q Ty \'/ 7
50 P GLASS"BLOB'
8 esq as sobre uso de filamento de papel carbo ado 70 ENSURE SEAL
ANDGOOD VACUUM S
para prod 5
|
s PLATINUM
860: desenvo ento de a bomba de vacuo usando WIRE .
e 0 (0 mesmo tipo de bomba fo ado po oma T 1
diso EXPANGED TO HOLD -
8/Dezembro/1878: P eira demo acao publica da - i
ampada elée a amento de algodao carbo ado cmF 2
A lampada queimou em pouco 0 Mot
evereiro/1879: Palestra para mais de 700 pessoa TN ke 4  BRASS SUPPORT
(FEP ACTING AS CONDUCTOR
A lampada pe aneceu acesa por apro adamente a CARBON | TOTOP PLATINUM WRE
ora sem queima PLATINUM —
WIRE —
88 an descobre etodo para prod 0
etico oprando ocelulose atraves de pequeno pre
0 os. O filamento obtido, apos ser carbo ado 0 e
0 oS re ado as lampada TOENSURE SEAL
AND 600D’
88 e a e g ompa
88 orne ento de lampada an para 0s navio e “eupRy
of R ona a e) e exible a a L FRoM
R
D a a
oy e ondres e inaugurado

o http:/ /www.classstudio.com/scaltagi/img/internship/sightseeing_day2/edison_bulb.jpg
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Lampada de Edison
Patenteada nos EUA em janeiro de 1880
Filamento de bambu carbonizado
Filamento de alta resisténcia permitia ligar varias
lampadas em paralelo
Baixa eficiéncia e baixa duracao do filamento

Lampada de Swan
Patenteada em UK em 1878
Filamento de algodao carbonizado de baixa duracao
Filamento de baixa resisténcia exigia ligacao em série
de varias lampadas
1881: Filamento de celulose carbonizado = melhoria
na eficiéncia e na durabilidade das lampadas

Edison & Swan United Electric Light Company f/ Peé ls,
» Fundada em 1883 para encerrar as disputas judiciais |
| EDISON & SWAN |

entre Swan e Edison | 8
| UNITED ELECTRIC LIGHT'
CoMPANY, LIMITED.

| o
| §ioa VioTR LONDON, s.W.
|

| .' il | mm[ PRACTICE

MAKES

PONDERS END, M)
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Bulbo: ] ENTIRELY BRITISH
Edison ROYAL

e EDISWAN
Swan - DRAWN WIRE

Encaixe tipo baioneta: = HALF WATT
Swan TYPE LAMPS
and all other types

Tue EDISON Sl: AN

IO 0 O 40 JHWIIIJMI!IM

S
3
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Somente a partir da Segunda Guerra Mundial passou a ser usual no Reino Unido
usar ldampadas com a “rosca Edison”, mas com 27 mm de didametro (E27) em vez
do padrao de 26mm de diametro usado nos EUA (E26).

Lampadas E26 encaixam sem problemas em soquetes E27. Lampadas E27 podem
ter problemas para serem usadas em soquetes E26

Luminarias com soquete tipo baioneta ainda sao comuns de serem encontradas
no Reino Unido e em antigas coldnias britanicas (india, Paquistao, Australia etc.)
No Brasil a norma NBR-IEC-60238 de 10/2005 adota a rosca Edison E-27




Dez. 1880 — Nova York, EUA

Edison llluminating Company

T.A.Edison & J.P.Morgan

Fonte da energia: carvao (caldeira para produgao de
vapor) + 6 dinamos + 6 Porter-Allen

Sistema de Distribuicdo em Corrente Continua
Tensdo =110V

“Cabos” subterraneos (canos de cobre)

Inspirada nos teares de algodao

07/03/2022
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Set.. 1882

Inicio: 59 casas e escritérios em Manhattan, aprox. 200 lampadas
(12: Escritorio de J.P.Morgan)
Subproduto: vapor

¥
C.5.-825 %

o ?
[,\ﬂﬁfm[ This Room Is Equipped With
Lk .

IGHT A~ 'Cdison Electrie Kight:

(R

3 B
"

Do not attempt to light with? 4
match. Simply turn key
on wall by the door.

e 00—

al

The use of Electricity for lighting is in no way harmful

to health, nor does it affect the soundness of slecp.
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1823: New York Gas Light Company
1882: Edison Ilumminating Company of New York

@ conEdison

Steam Distribution System

Foundation
Wall  Street
Surface
Dresser
Coupling

=1

' Customer Service Line
{aisa in housing)

Main Anchor
Insulation
Expansion Joint
Concrete Housing
Steamn Main
Main Valve ——————— Steamirap Assembly

Blow-off Valve

07/03/2022
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Analise do Projeto da Edison llluminating Company

Visibilidade mundial
Simbolo de modernidade
Elevado Status social dos consumidores

Multiplicacao em outras cidades: Boston,
Philadelphia, Londres

Exaltacao da figura de Thomas Edison

THOMA
Wizaro
of Lisnr
anp Sounn

Corrente Continua

»

Lampadas pouco eficientes
(1,7 Im/W - atual VSAP = 100 lm/W)

Necessidade de fabricar TUDO: lampadas, cabos, interruptore

Perdas elevadas:
Geracao: 110V
Extremidades da rede: 90V

Alto preco do COBRE (e falta de alternativas...)
Local para a instalacao dos dinamos

Motores caros, de baixa poténcia e
pouco eficientes

Combustivel:
carvao — Transporte e fumaca!

Somente viavel em cidades com
ALTA DENSIDADE POPULACIONAL:
New York +?

s$ P

City, U.S.A., the first Edison Public Electric Supply Stations.
coupled direct to the shaft of a 150 h.p. Porter-Allen engine.
field electromagnets.

13
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Corrente Alternada

I'sen(o! +) "o Vsenwt

v(t) =V -sen(w-1)
i(t)y=1-sen(w-t+p)

Nikola Tesla

Nikola Tesla (10/Julho/1856 — 7/Janeiro/1943):
1881-82: Manutencéao de telégrafos, Budapest.
1882: Edlison’s Continental Company, Paris.

1884: Mudou-se para Nova York, para trabalhar com
Thomas Edison na empresa Edison Machine Works.

Na carta de recomendagdo de Tesla para Thomas Edison, Charles Batchelor, gerente da Edison’s Continental Company
em Paris, escreveu: "l know two great men and you are one of them; the other is this young man."

1885: Solicitou demissao e fundou a sua propria empresa: "7esla Arc & Light Ca
1888: A new system of motors and transformers of alternate currents

— American Institute of Electrical Engineers (AIEE).

1888: A empresa Westinghouse compra, por U$ 60 mil, os

direitos de 40 patentes de Tesla sobre geradores

e motores + royalties de US$ 1.00/HP.

Tesla é contratado como Consultor na Westinghouse com um salario mensal

de US$ 2 mil (valor atual: US$ 56,9 mil)

14
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0 “ovo de Colombo”, de Tesla

Ny LA
DYNAMO ELECTRIC MAOHINE.
Patented Oct. 0, 1888,

Nikola Tesla

Kol F Gaasy borrnl




Nikola Tesla e George Westinghouse Jr.
1893

£
ELECTRIC

| MAMUFACTURING CO.
TESLA

| POLYPHASE
STSTEM

Nikola Tesla e George Westinghouse Jr.

1893
Exposi¢cao Mundial em Chicago

-y LA

07/03/2022
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FAGIURE

1896-97

Metro de Nova York

Central Hidrelétrica em Niagara Falls
Corrente alterada: 25Hz
Transformadores Elevadores
Transmissao em alta-tensao até NY

THE
NIAGARA FALLS
POWER CO.

Niagara Falls Canal Basin Niagara Falls
Ontario, Canada p New York,
?\ Cofferdam United States e
Ontario /727 N @ gZiFacll eee—s—g e
S % o == Hydraulic Canal

tai[{ace Edward Dean Adamsj e

Tunpsfsss..  Stations
105 =

ALTERNATING CURRENT
100 vouTS

e — . Internationg,

— BOUﬂdar;_-"""--...

Electrical
Development Co.
(Toronto Power)

Canadian Niagara
Power Co.
(Rankine Station) /'

-

34
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Nikola Tesla e
George Westinghouse Jr.

nterior N.X. Subway,
Sl4th St. to 42nd: St.

Amencan Mutoscopegnd
Biograph' Compafy}

¢ June 5, 1905

Part 1 of 2

07/03/2022

Assembling a Generator,
Westinghouse Works

©May 10, 1904
American Mutoscope
& Biograph Company




07/03/2022

Nikola Tesla e
J.P.Morgan

» 1901-02

» Wardenclyffe Tower

» Aprox. 4 mi. USS (atuais)
» Resultados: NADA!

» Desisténcia de J.P.Morgan

» Projeto abandonado

» 1906: Tesla é obrigado a hipotecar a propriedade
Wardenclyffe para pagar a conta pendente que tinha no Hotel
Waldorf-Astoria, que chegava a aproximadamente USS 20 mil
(mais de USS 500 mil atualmente)

Ionosphere

'\w
\ High Voltage Discharges

|| from the tower

Electrical charges within 187" mast

Earth-lonoshere layers

Tesla Receiver

Homes and
buildings

Earth Surface

300" down

Ground Anchor Ground

38
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Nikola Tesla

» No periodo pds-Wardenclyffe, Tesla vive de royalties de seus inventos e consultorias
esporadicas

Allis-Chalmers: Turbina a gas e Valvula one-way para Gas
Telefunken (Alemanha): uso de Patentes de Guillermo Marconi

> 1915: Processo junto ao Departamento de patentes dos EUA sobre as Patentes do Radio, dadas a
Guillermo Marconi. O caso so foi encerrado em 1943 ap6s a morte de Tesla, reconhecido como co-
inventor do Radio

» 2 de janeiro de 1934: passa a receber uma pensao vitalicia da Westinghouse Corporation -
USS 125/més (US 2,4 mil hoje)

» mudanca para o Hotel New Yorker, quartos 3327+3328, 332 andar (esla tinha obsessio pelo nimero 3,

mas o Hotel nao tinha o quarto 3333) - A Westinghouse Corporation paga as diarias do hotel.

This floor plon shows
the door that existed
when Tesla occupled
332743328

This was reported by

North East
Carner of
Building

e
P

EF 8F B B A A L L TGS
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The New York Times May 19, 1917

Edison Medal Goes |
to Nikola Tesla|

Nikola Tesl&. Inventor, was Iast night|
adjudged by the American Institute ntl
Blectrical Engineers to have contributed |
the greatest progress to clectrical sclence
and electrical engineering during the year
1916. * The Edison tmedal which is awarded
each year to the person deemed foremost
in this field was presented to him at the
annual meeting, of the institute, in
Engincering Socleties Buflding, No.
West Thirty-ninth street.

The medal fa & gold ple~ue, with the
bust of Mr, Edison ralsed upon one sur-
face. It was preccated by H. W. Buck,
president of the institute.

20
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Nikola Tesla

A ario d , Tesl id fortavel !
;m cc>| l::gr:/ti\r/aeﬂonooHc;LtjzlSSezzo%argkzr. esla teve uma vida confortavel nos anos TESLA, AT 78, B ARES

» Central Geradora no subsolo do Hotel: NEW ‘DEATH'BEAM,

Isso era comum na época em Nova York.

Invention Powerful Enough io
Destroy 10,000 Planes 250
Mifes Away, He Asserts.

» Antena de Radio na cobertura do Hotel:
Destinava-se a transmitir mUsica ambiente através de um canal de
radio AM para receptores instalados nos apartamentos

»1934: Entrevista aos jornais no seu aniversario de 78 anos — “arma DEFENSIVE WEAPON ONLY

secreta capaz de terminar com a Guerra”
Scientist, in Interview, Tells

» 1935: Oposicdo a Teoria da Relatividade, de Einstein of Apparatus That He Says
Nikola Tesla, sobre a Teoria da Relatividade: “uma massa de erros e ideias enganosas, Will Kill Without Trace.
violentamente opostas aos ensinamentos dos grandes homens de ciéncia do passado e )

até mesmo ao senso comum. A teoria envolve todos esses erros e falacias, e veste-os ,,,1:1]::41: ; ':::;,;T;ra;; ;1:?51:: Timen Wide World Photo.
em magnificos trajes matematicos que fascinam, deslumbram, e deixam as pessoas ,‘,‘E"‘;e‘:_:‘:f;";ih’r‘a:?;:;‘;:n‘::d’ NOTED INVENTOR 78.
cegas aos erros subjacentes. A teoria € como um mendigo vestido de purpura a quem a new inventlon, or inventlons, Nikola Tesla.

essoas ignorantes tomam por um rei. Os seus expoentes sdo homens brilhantes, mas [ ki ol ihy
p [¢] p p moat important of the 700 made by | TAY] [ AW REVISION

a i isi ienti (ni ico ivi him 3o far.
s&o mais rrjgtaf|3|cos do que cientistas. Nem uma tinica das proposicGes da relatividade R e ORDERED BY BOARD
foi provada”. apparatus, Dr. Tesla said yesterday RD.
in an interview at the Hotel New

Fonte: Jornal The New York Times, 11 de Julho de 1935. ?:ﬁ;rhsﬂschﬂ“ggﬂfgg ety | Aldermen Call for Ordinance

: 5 the' free air, of such tremendous|  Baced on Report to Mayor
. th h 11 bring d:
» 1937: atropelado por um T§x1 = lesges na col_u_na AW ERC RN EIE coerey that they wil bring down & — Action Due in Fall.
— recusa-se em ir a um hospital, ocasionando dificuldades para andar pelo [ s gl —_—
. causs armies of millions to drop| As representatives of taxicab op-
resto da vida desd in their tracks. erators and drivers criticlzed the

21
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Nikola Tesla - Morte < il EDGAR PALMER ___ | 227 T

1stee of | dence at

L st
» Nikola Tesla morre em 7 de janeiro de 1943, com 86 anos, no L&Y NIKOLA TESLA RITES - -"|southamy

. . | Mr. Ba

Hotel New Yorker. Missa solene e enterro luxuoso (discurso do  Eaiaes AY | son of ¢
Prefeito de NY Fiorello La Guardia) was 62.| T( BE HELD THESD \and was,
known | = | Academy,

» Todos os bens de Tesla existentes no Hotel New Yorker foram ZiREid Yagoslav Government - in - Exile | ;tlmlt:ﬂ;
| his e

apreendidos pelas autoridades federais norte-americanas (FBI), s‘;‘e’:::\ Plans Official State Faneral |M5 0
em procedimento conforme o Alien Property Custody act). Este i | AR 1898.
PUBINESS) of radio and | Mr, B

era o procedimento da época com gualquer estrangeiro que - ikola Tesla, father i ]
g g q g oIIfLe modern electrical transmifs | ctore in

viesse a morrer em territério norte-americano. ) project 1l O in Fystems, Who _};m:d ;r:;::si\wt11{;zzh:{
dance. i at the Hotel New gk ]
rsity in- L?;\ihf;gac of 86, will recei\'«;hinm‘:“_ sto;cigi
er Memo- | ficial state ‘;;{'f’;‘f‘,;;é"&ﬁrwrnment- fihe
L, 1914 and | pices of the XUEAFL nced 1ast | yor By

was anno
i= father, | in-Bxile, 1:he Yugoslav Informa-

preside

ight by 3

a trustee | BB 0 fer, , New
. ated | tion ! will be held in the | siea),
don | The “m?s} John the DIVIne} Gradu
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Nikola Tesla - Os “arquivos secretos”

https://www.muckrock.com/news/archives/2018/mar/19/fbi-tesla-
» Dr. John George Trump fio do Presidente Donald Trump (engenheiro eletricista, professor no
Massachusetts Institute of Technology) examina em 1943 os pertences de Tesla e faz um
relatério afirmado ndo ter encontrado nada de util sob o ponto de vista cientifico ou militar.

» Os bens de Tesla sao liberados para unica herdeira legal residente nos EUA, Sava
Kosanovi¢, sobrinha de Tesla que era funcionaria da Embaixada da lugoslavia.

» Sava Kosanovi¢ despachou “a maioria” dos pertences de Tesla para a lugoslavia em 1951.
Em 1952 o Governo da lugoslavia fundou o Museu Tesla em Belgrado, atual RepUblica da
Sérvia.

» Em janeiro de 2017 o Presidente Barack Obama liberou o acesso a varios documentos até
entao classificados da CIA e do FBI, incluindo os relacionados com a investigacao sobre os
pertences de Tesla feita por John George Trump. Confirmou-se a informacao de que nada
havia de atil.

ALSTRACTS CF D, NIYOLA TESEA'S VAITINCS ) + tb this distinguished engineer and
RETAINED £S EXMTITTS 1t should be no discreds tiens to t)ls:ia‘l jigal ért were

] FROPERTT ) sentist whose soldd con o
TIPS e .K . . ;:ad n,!um bmmins.;" am present century to report that his

thoughta znd efforts during ab lesst the past fifteen yeirs were
prinarily of & speculative, philosophical, und somewhat promo-

1, - 5 ticnal chareoter--often. d with the producation and wire-
on Jernary 26 end ﬁi‘lm, mn exsndnation wos made of the less m,.wmngm ¢f pomér—but, did pot include new gound, work-

tacknical of frs Nikola Teela which, after his docencs, hid its

e ool o the orRttan Farehouse in Hew York City.. This ex- sblq principles or methoda for realizing such results.

eadnstion wos mada for the purposd of deterdining Af eny ideas of - ! -

.mx'nm: ¥eluo 1n, tha pressnt [nited States wer olfort conld B ° Very truly yours,

£-tnd rmeng ks P in this nare

¥ Jebn G. Newington, Nem York GLfice of tho Alien Property Custodiang

i, Charles J. Fadotndend, wnsmﬁw ngm:- of thy Hliew Froperly .

Custodieny v, Jobn G, Trusp, O Seientifio Regearch opd De= | ! . !

elogoent Tnstituts of Tachas ¥assaohiy— A JOHN G. TRUMP,

catisy Fillds George, Office of Hoval Intelligence, fhird Hovel Dis- ; . Technical Adde,

triot Fiord Palner, Ghiof Yeonem, BENR) John J. Cerbett, Chisf Yeo- R . Plvision 14, NIRG.

&en, TR,
-
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Niagara Falls State Park Queen Victori,a Park ,
Goat Island, New York, EUA Niagara Falls, Ontario, Canada

Corrente Alternada

Karl August Rudolf Steinmetz

(ou Charles Proteus Steinmetz)
*Descricdo dos Circuitos de Corrente
Alternada utilizando Numeros Complexos

CE LS )/4,”;._,_1_,_2_
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Dominio da Corrente Alternada

THE STEINMETZ ERA
T 1892-1923 -
(W

OATARACT Doy
» GENERAL ELj
L

. V¥

& Einstein
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Brasil
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