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BIPOLOS EremENTARES

PASSIVOS -

([ RESISTORES
CAPACITORES

ATIVOS {

GERADORES DE TENSAO
GERADORES DE CORRENTE

 INDUTORES

CLASSIFICACAO QUANTO A
RELACAO CORRENTE-TENSAO:

— LINEARES
— NAO LINEARES
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LESISAO

N
V=r(i) 1 =g(V)
1-Linear FiIxo ——  ldeal
i\
v = RI R— Q
Rv i = Gv G— S
2 =2
p=vi=Ri2=Gv2=i:|—
R G

2 — Linear Variavel

v(t) = R(t)i(t)

WW ° reostato — controle
A
o] LB de corrente

= A potenciometro —
controle de tensao

o *

3 — Nao linear
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George Simon Ohm

e Alemao (Erlangen, 1789;
Colbnia, 1854)

e Fisico e Matematico

e Professor de Fisica,
Univ. de Col6nia

e 1827 Leide Ohm
(empirica) > 22 anos para
ser reconhecida

e Pesquisas nas areas de
fisica molecular, acustica
e comunicagao
telegrafica

OHM'S APPARATUS

To test his theory, Ohm used a
thermocouple (below), which
produced a small voltage when there
was a temperature difference between
the junctions of two metals (pp. 52-53).
To measure the current through the
wire under test, he used a torsion
balance similar to the one used by
Coulomb (p. 11). In this reconstruction
of his apparatus, he measured the
deflection of the magnetized needle.

Torston head
tuists to bring
magnetic
needle back
fo zero

Suspension

wire ——

Magnetized needle turned
by current in copper bar

Cold junction of thermocouple

Hot junction of
thermocouple

Magnifying |
glass to
detect swing of

the needle

Cups of mercury
into which ends of
resistor are dipped

Container for ice

Boiler producing steam

Aparato Experimental usado por Ohm
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% Y
Vv=r(l) 1 = g(Vv)
Controlado por Controlado por
corrente tensao
Ex: Diodo ideal
i I
curto
V( .
aberto Y

Diodo real: i= g(v) = I (e*—=1)
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RESISTORESH REAIS

1 — Carvao

Valor
Poténcia maxima 1/8 1/4 1/2
1 2 watts

Tolerancia 10% 5% 1%
05% 0,1%

Corrente maxima: |1_, = Pra
R
Tensao |
Frequéncia 1
Umidade |} Resisténcia |
Temperatura t
2 —Fio

Poténcias mais elevadas

Modelo:  e—iii—M\—

3 — Filme Metalico: Circuitos integrados
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CAP
q(t) = C(v)

1- Linear, Fixo — Ideal

q:

t
V = — 1dt + v(t
CL (t)
1 d v?
_ - C
=5 Tat

W = %C(vz—v%))

0
2 - Linear , Variavel
q(t) = C(t) v(t)
—c(r) v, 9clt)
dt dt
3 - Nao linear
Ex. g=C(Vv).v

Cv

]
C%)v i = C

dv
dt

ITOR

N | -

ola,
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T

..*

Garrafa de Leyden

GROUND /7777

Universidade de Leyden (Holanda)

1746

c?t dAI

C

A
8_
d
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CAPACITORES REAIS

Valores: uF — pF
Especificacdes: Ex.: 100 nF/500V

1

tensdo de ruptura
do dielétrico

Tipos: de acordo com o dielétrico
e CEFamica
e Mylar
e poliestireno
e eletrolitico
o tantalo

Modelo:
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DiraciTor £ convENGDES

i(t) | i(t) |
Ve ( % v(t) Vo (% v(t)
- c
dt
v:éJ‘ldt+v0 v:éjldt—v
vo %) v(t Vo (% v(t
i(t) 1 i(t) 1
| = —Cﬂ
dt
v:——J‘ldt+vO v:—éjldt—vo




D AT TR
w=L(I)
1—-Linear, Fixo — Ildeal
) V = d_w — Lﬂ
| V dt dt
. 1 t .
i = TLO vdt + i(t,)
1, di? _le 10
P = 2Ldt W 2 ! 2 L
2 — Linear, Variavel
w=L(t)i(t)
v =) a4
dt dt

3 — Nao linear
EX.: “%
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ENIDUTOR

Solenoide com espiras bem afastadas, mostrando
as linhas de inducdo magnética, resultantes da

soma vetorial do campo criado por cada espira.
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JiDUTOR E convENCIES
i(t) | i(t) |

o 1%}«) di o {%}va)

V=L—
dt
L L

PSI13211- Prof? Denise




PSI13211- Prof? Denise




FORMAS DE ONDA EM RESISTOR

h

VLE(E)
‘V(t) ‘|(t) 1=Gv
1 _I- G _I_‘

t T
1 -G
+ w(t)
G /—
. > } } ] t>
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FORMAS DE ONDA EM UM CAPACITOR
I

V( —C
O - i B d—v
2 V(1) $1(t) T
l/\_ C
0 T 2 1 T > .
1t -C
v(t)= = jto i(0)dh + v(t,)
t P(t) t w(t)
recebe
C- Cl2}-___-
>0 — /\—v
11<0 ,2 t 0 1 2 t
¢ aa W=+ cv?
Pp=Vi

V(t)) =0 W >0 passivo
to=0 (convencao receptor)
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(carga)

E Ideal E Ideal

— real
real

I Re
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FONTES DE ALIMENTACAO AC/DC

Tensao AC— Retificacao e Filtragem

— Tensao DC

+e +el0V ]i+ 10V)
e

17 Terra 4\ = v

=n - Jumper -|—_

(a) (b)

/ +

ks Jumper
{«/

15V =

—l(— 15V)
4 15V
-

wn
<
Q
llI—
v
o—||——=o
=

-9

() (d)

a) Terminais disponiveis
b) Tens&o positiva em relacao ao terra
c) Tens&o negativa em relacéo ao terra

d) Tensao flutuante
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(o]

@ ist) | g is(t)

o

Gerador Real

k‘
® R, )w =R
. (carga)
Ic 4 e 4
| Ideal | Ideal

reEI real
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Fungéo Degrau Unitario ou
rungao de Heavisie

H(D) |

1 ¢

H(t) =1(t) =

(0 para t<0
1 para t=0

3




Funcoes Obtidas da Funcao Degrau

Pulso retangular de duracéo 7 :
f)=E[H{t)-H(t-7)]

f(t)
El

D . T —————————

0 T t

Pulso senoidal :

f(t) < E. sin(%".tj. [H(t)—H(t— ;ﬂ

f(t)
Em

Of T1/2 L
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EXcitac;ﬁo Exponencia]

egA
E

37 %

13,5%
5%

>

T 21 31 t

eq(t) = Ee®'  E, s reais
S= -0 E>0 s<0
ey(t) = Ee ' = Ee™ "
o — frequéncia neperiana ( Np/s)

T = % —> constante de tempo (s)

Para t=1 — e, = Ele
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EXCITACAO COSSENOIDAL

Derivada e Integral — Senoides

Circuito em Regime Permanente Senoidal

Dispositivos Reais —

geram excitacao senoidal

Soma de senoides de mesma frequéncia =

senoide

Analise de Fourier — V funcéo periodica =

soma de senoides
f(t) = A, cos (ot +0)

A, = amplitude ou valor maximo ou valor de
pico (real e > 0)

o = frequéncia angular (real, rd/s)
0 = defasagem (real, ° ou rd)
f = frequéncia (real , Hz ou ciclos/s)

T = periodo (real,s)=1/f 0o=2n/T
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NG Zz=a+jb
Retangular ou Cartesiana
[ o]} H— 2 |
z =|zle!® = |zl o
N Polar
a X

Férmula de Euler: e!® = cos¢ +jsen ¢

Séries de Mac Laurin:

3 5 7
X X X
SenX=X—§+ 5' - 7| + ......
2 4 6
X X X
COSX:1—2!+ A1 — 6' + ...,
i ) i X X
eJX:cosx+Jsenx:1+Jx+(J ) +(J ) + ...

z:|z|cos¢+j|z|sen¢=|z|(QOS¢+j59n¢):
|Z|el¢
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| ldentidade de Euler |

el® = cos® + jsend

Seja B =co0sO + jsenO

dB
do

= —Seno + jcosO

= j(cos® + jsen®)

dB
do

9B _ jao
B

= jB
ou

Integrando :
InB = ] + C « constante

Para 6=0 — B:1_—) INB=0
= C=0 = B=¢!

= e® = cosf + jsend
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Nimeres Eomplelis

Formula de Euler :

el = cos¢ + jseno

e 1® = cos¢ — jsend
Forma Cartesiana: z = a+|b

Forma Polar : z = |z|el?®

a =|z|cosd

b =|z|sen¢

z| = a? +b?
¢ = arctg b/a
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UDEracies com GComplenns

1-Soma e Subtracao —
Forma Retangular ou Cartesiana

1 =
Z,

JY 1

a; + b,

Z, = (gt ay)+j(bixhy)

Z, = a,+]b,

Z1+ 7o ‘22

Zy

> X

2 — Multiplicacdo e Diviséao —»
Forma Polar

2,2, = Clczej(¢1+¢z)
C : _

21/22 _ _1€J(¢1 ¢2)
C,
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Niimeros complexQ$

Propriedades .
z=a+jb=|z|e?

z*=a - jb=|z|e™
Z+z* = 2a =2Re(z)
| el*] =1

e*l™ = 1/41 = -1

efl™ = 1/+q/2 = +j1

FOrmulas de Moivre:

cosmt = %( Jot | e—Jwt)

Zij (ejwt _ e—jwt)

senw t
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Coordenadas Retangulares: a,b

Coordenadas Polares: r,®
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Bloco 2
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.j =e -j90°
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j=e o

. _ _ -j900
=e’

)

Circulo Unitario
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FASOQRES

Ancos(ot + 0) =

L (Ag el s Ay e
3

k Re[Am ej"”]

Valor instantaneo do sinal —»
Dominio do tempo —
s(t) = Amcos (ot + 0)

—asor assoclado a sinal senoidal:

S=A,e®=A_/0
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HElAEIES V-0 SEnollans
s [ipalos Jdeals

V(%
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DIAGRAMAS FASORIAIS NOS
ELEMENTOS BASICOS DE
CIRCUITOS

Resisténcias
- corrente e tensao em fase

li A
S

Indutancias
l - corrente atrasada de /2
]

<
|l

Capacitancias

l - corrente adiantada de /2
i

O

| . V=i/wC)
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— _ N\ N\
HEIREIES fasorials V- |
GesisoD U =Rl | | T=6V

: A 1 Al A
Capacitod | V = -j=-1 ||1= joCV
®C
A AA .1 A
Cndutor) G =jorl T=-jL¢
oL
Impedancia: Z = /\/\\//:I\ )
Admitancia: Y = I/V )
Capacitod z=7— Y =jaC
JoC
Z=joL  Y=ig
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Excitacao Cossenoidal

f(t) = Ansen(ot +¢) = Ancos (ot + ¢ —90°)

sena = cos(a-90°) *
sena = cos(90°-a)
a=-ot+ ¢

Cossenoide + DC —

t
VAB Vab
+ DN\
t \ N
Componente Continua  Componente incremental
DC AC (alternativa)

n
Valor Médio Vag = % J- Vg dt
0
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