
Transformador AC para ACalternating current in the primary coil will induce an alternating emf on the secondary 
coil due to their mutual inductance. 

Figure 12.5.1 A transformer 

In the primary circuit, neglecting the small resistance in the coil, Faraday’s law of 
induction implies 

V1 = −N1 
dΦB (12.5.1)

dt 

where ΦB is the magnetic flux through one turn of the primary coil. The iron core, which 
extends from the primary to the secondary coils, serves to increase the magnetic field 
produced by the current in the primary coil and ensure that nearly all the magnetic flux 
through the primary coil also passes through each turn of the secondary coil. Thus, the 
voltage (or induced emf) across the secondary coil is 

V2 = −N2 
dΦB (12.5.2)

dt 

In the case of an ideal transformer, power loss due to Joule heating can be ignored, so 
that the power supplied by the primary coil is completely transferred to the secondary coil: 

I V = I V  (12.5.3)1 1  2 2  

In addition, no magnetic flux leaks out from the iron core, and the flux ΦB  through each 
turn is the same in both the primary and the secondary coils. Combining the two 
expressions, we are lead to the transformer equation: 

V2 = N2 (12.5.4)
V1 N1 

By combining the two equations above, the transformation of currents in the two coils 
may be obtained as: 
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Dispositivo utilizado para aumentar ou 
diminuir a tensão AC em um circuito. 
Consiste de duas bobinas - primária (1) e 
secundária (2) - com N1 e N2 espiras, 
respectivamente. 

https://www.youtube.com/watch?v=ZjwzpoCiF8A
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)

variação do fluxo em 
cada uma das espiras

N2 > N1 ) V2 > V1

N2 < N1 ) V2 < V1

d.d.p na saída maior que na entrada  - transformador “step up” 
!
d.d.p na saída menor que na entrada  - transformador “step down”

https://www.youtube.com/watch?v=ZjwzpoCiF8A


Filtro passa alto (rL)

(d) the amplitude of the voltage across the inductor at the resonant frequency. 

Solution: 

(a) The resonant frequency for the circuit is given by 

ω0 1 1 = 1 1 = 5033Hz (12.9.16)f = = 
−3 −92π 2π LC 2π (10.0×10  H)(  100×10  F) 

(b) At resonance, the current is 

I0 = V0 = 200 V = 10.0 A (12.9.17)
R 20.0 Ω

(c) The quality factor Q of the circuit is given by 

−1 −32π (5033 s )(  10.0×10  H)
Q = ω 

R 
0 L = (20.0 Ω) = 15.8 (12.9.18) 

(d) At resonance, the amplitude of the voltage across the inductor is 

−1 −3 3V = I X  = I ω L = 10.0 A 2 π 5033 s 10.0×10  H = 3.16 10 V L0 0 L 0 0 ( ) (  )(  ) ×  (12.9.19) 

12.9.4 RL High-Pass Filter 

An RL high-pass filter (circuit that filters out low-frequency AC currents) can be 
represented by the circuit in Figure 12.9.2, where R is the internal resistance of the 
inductor. 

Figure 12.9.2 RL filter 

(a) Find 20 / 10 , the ratio of the maximum output voltage V20 to the maximum input V V  
voltage V10 . 
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Dispositivo utilizado para filtrar freqüências 
baixas, deixando passar freqüências altas.   

(b) Suppose r =15.0 Ω , R =10 Ω and L = 250 mH . Find the frequency at which 
V V/ =1/ 2  .20 10 

Solution: 

(a) The impedance for the input circuit is Z1 = ( + )2 + X L 
2 

LR r  where X = ωL and 
2 2+  for the output circuit. The maximum current is given by Z2 = R  X  L 

I0 = V10 = V0
2 2 

(12.9.20)
Z1 (R + r) + X L 

Similarly, the maximum output voltage is related to the output impedance by  

Z  I R X  (12.9.21)V20 = I0 2 = 0
2 + L 

2 

This implies 
2 2V20 = 

R  X  L+ 
V10 (R + r)2 + X L 

2 
(12.9.22) 

(b) For 20 / 10 =V V  1/ 2  , we have 
2 2 2 2R X  R+ L = 1 ⇒ X = (R + r) − 4 (12.9.23)

(R r)2 + X L 
2 4 L 3+ 

Since X L = ωL = 2π fL , the frequency which yields this ratio is 

X 1 ( Ω +15.0 Ω)2 − 4 10.0 Ω)2 

f = L = 
2π L 2π (0.250 H ) 

10.0
3 

( = 5.51Hz (12.9.24) 

12.9.5 RLC Circuit 

Consider the circuit shown in Figure 12.9.3. The sinusoidal voltage source is 
V t  V  ( )  = 0 sin  ωt . If both switches S1  and S2 are closed initially, find the following 
quantities, ignoring the transient effect and assuming that R , L ,V0  and ω are known: 
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V = ZI ) V0e
i⌦t = |Z|ei�I0ei⌦t ) V0e

i⌦t = |Z|I0ei(⌦t+�) ) V0 = |Z|I0

V10 = |Z1| I0 ) I0 =
V10

|Z1|
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  Note que V20 < V10 e esta redução depende da frequência da fonte 

I0 =
V10p

(R+ r)2 +X2
L

1 2

0 0



Filtro passa alto (rL)
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  Note que V20 < V10 e esta redução depende da frequência angular da fonte 

1 2

0 0



Filtro passa alto (CR) solução

Dispositivo utilizado para filtrar freqüências 
baixas, deixando passar freqüências altas.   

V
out

V
in

=
R

|Z| =
Rp

R2 +X2
C



Filtro passa baixo (RC)

Dispositivo utilizado para filtrar freqüências 
altas, deixando passar freqüências baixas.   

  Calcule a razão V20 /V10 e faça o gráfico do ganho                                em função 
da frequência angular da fonte 



Filtros passa baixo

Dispositivo utilizado para filtrar freqüências altas, deixando passar freqüências baixas.   



Filtros passa alto

Dispositivo utilizado para filtrar freqüências baixas, deixando passar freqüências altas.   

https://www.youtube.com/watch?v=OBM5T5_kgdI  Veja:  



Circuito RLC em paralelo

I1 = 
⎛
⎜ 

V2 ⎞
⎟ I2 = 

⎛
⎜ 

N2 ⎞
⎟ I2 (12.5.5)

⎝ V1 ⎠ ⎝ N1 ⎠

Thus, we see that the ratio of the output voltage to the input voltage is determined by the 
turn ratio 2 / 1 N2 > N1 , then 2 > 1N N  . If V V , which means that the output voltage in the 
second coil is greater than the input voltage in the primary coil. A transformer with 
N2 > N1 is called a step-up transformer. On the other hand, if N2 < N1 , then 2 < 1V V , and 
the output voltage is smaller than the input. A transformer with N2 < N1 is called a step-
down transformer. 

12.6 Parallel RLC Circuit 

Consider the parallel RLC circuit illustrated in Figure 12.6.1. The AC voltage source is 
V t( )  = V0 sin  ωt . 

Figure 12.6.1 Parallel RLC circuit. 

Unlike the series RLC circuit, the instantaneous voltages across all three circuit elements 
R, L, and C are the same, and each voltage is in phase with the current through the 
resistor. However, the currents through each element will be different. 

In analyzing this circuit, we make use of the results discussed in Sections 12.2 – 12.4. 
The current in the resistor is  

IR ( )t = V t( )  = V0 sin  ωt = IR0 sin  ωt (12.6.1)
R R 

where IR0 = 0 /V R  . The voltage across the inductor is  

V t( )  = V t  ( )  = V sin  ωt = L 
dIL (12.6.2)L 0 dt 

which gives 

t V V V ⎛ π ⎞ ⎛ π ⎞I t( ) = ∫0 L 
0 sinωt  dt  ' ' = −  

ω 
0 

L 
cos ωt = 

X 
0 

L 

sin 
⎝

ωt − 
2 ⎠

= I sin 
⎝

ωt − 
2 ⎠ 

(12.6.3)L ⎜ ⎟ L0 ⎜ ⎟ 
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where IL0 = 0 / L and X L = ωLV X   is the inductive reactance.  

Similarly, the voltage across the capacitor is C ( )  = V0 sin  ωt = (  ) /  V t  Q t C  , which implies 

I t( )  = dQ = ωCV  cos  ωt = V0 sin  ⎛ ωt + π ⎞ = I sin  ⎛ ωt + π ⎞ (12.6.4)C dt 0 XC ⎝⎜ 2 ⎠⎟ C 0 ⎝⎜ 2 ⎠⎟ 

where IC0 = 0 / C and XC =V X  1/ ωC  is the capacitive reactance. 

Using Kirchhoff’s junction rule, the total current in the circuit is simply the sum of all 
three currents. 

I t( )  = I t  ( )  + I t  ( )  + I t  ( )R L C 

IR0 sin ωt  I  L0 sin ⎛⎜ ωt − π ⎞
⎟ + IC0 sin ⎛⎜ ωt + π ⎞

⎟ 
(12.6.5)

= + 
⎝ 2 ⎠ ⎝ 2 ⎠

The currents can be represented with the phasor diagram shown in Figure 12.6.2. 

Figure 12.6.2 Phasor diagram for the parallel RLC circuit 

From the phasor diagram, we see that 
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and the maximum amplitude of the total current, I0 , can be obtained as 

& & & &
| | |  = I + I + I |= I + (I − I )I0 = I0 R0 L0 C 0 R 

2
0 C0 L0

2 

1 ⎛ 1 ⎞2 1 ⎛ 1 1 ⎞2 (12.6.7) 
= V0 2 + ⎜ ωC − ⎟ = V0 2 + ⎜ − ⎟R ⎝ ωL ⎠ R ⎝ XC X L ⎠ 

12-20 

where IL0 = 0 / L and X L = ωLV X   is the inductive reactance.  

Similarly, the voltage across the capacitor is C ( )  = V0 sin  ωt = (  ) /  V t  Q t C  , which implies 

I t( )  = dQ = ωCV  cos  ωt = V0 sin  ⎛ ωt + π ⎞ = I sin  ⎛ ωt + π ⎞ (12.6.4)C dt 0 XC ⎝⎜ 2 ⎠⎟ C 0 ⎝⎜ 2 ⎠⎟ 

where IC0 = 0 / C and XC =V X  1/ ωC  is the capacitive reactance. 

Using Kirchhoff’s junction rule, the total current in the circuit is simply the sum of all 
three currents. 
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Note however, since IR ( ) t , IL ( ) t and IC ( ) t are not in phase with one another, I0  is not 
equal to the sum of the maximum amplitudes of the three currents: 

I0 ≠ IR0 + IL0 + IC0 (12.6.8) 

With I0 = 0 /V Z  , the (inverse) impedance of the circuit is given by  

1 1 ⎛ 1 ⎞2 1 ⎛ 1 1 ⎞2 

= 2 + ⎜ ωC − ⎟ = 2 + ⎜ − ⎟ (12.6.9)
Z R ⎝ ωL ⎠ R ⎝ XC X L ⎠

The relationship between Z , R , X L and XC is shown in Figure 12.6.3. 

Figure 12.6.3 Relationship between Z , R , X L and XC in a parallel RLC circuit. 

From the figure or the phasor diagram shown in Figure 12.6.2, we see that the phase can 
be obtained as 

V0 − V0 

tan φ = ⎛
⎜ 

IC0 − IL0 ⎞⎟ = XC X L = R 
⎛
⎜ 

1 − 1 ⎞
⎟ = R ⎛⎜ωC − 1 

⎟
⎞ (12.6.10)

⎝ IR0 ⎠ V0 ⎝ XC X L ⎠ ⎝ ωL ⎠ 
R 

The resonance condition for the parallel RLC circuit is given by φ = 0 , which implies 

1 1 =  (12.6.11)
XC X L 

The resonant frequency is 

ω0 =
1 

(12.6.12)
LC 

which is the same as for the series RLC circuit. From Eq. (12.6.9), we readily see that 
1/ Z is minimum (or Z is maximum) at resonance. The current in the inductor exactly 
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  Note que



Circuito RC em paralelo

(b) Find the current across the inductor. 

(c) What is the magnitude of the total current? 

(d) Find the impedance of the circuit. 

(e) What is the phase angle between the current and the voltage? 

12.11.6 LC Circuit 

Suppose at t = 0 the capacitor in the LC circuit is fully charged to Q0 . At a later time 
t T  / 6   , where T is the period of the LC oscillation, find the ratio of each of the =
following quantities to its maximum value: 

(a) charge on the capacitor, 

(b) energy stored in the capacitor, 

(c) current in the inductor, and 

(d) energy in the inductor. 

12.11.7 Parallel RC Circuit 

Consider the parallel RC circuit shown in Figure 12.11.5. 

Figure 12.11.5 Parallel RC circuit 

The AC voltage source is V t( )  =V0 sin  ωt . 

(a) Find the current across the resistor. 

(b) Find the current across the capacitor. 

(c) What is the magnitude of the total current? 
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Considere que V(t) = V0 cosΩt  e calcule:  
1. A corrente através do resistor

2. A corrente que chega e sai das placa do capacitor

3. A carga no capacitor

4. A corrente de deslocamento através do capacitor

5. A magnitude da corrente total

6. A impedância do circuito

7. A diferença de fase entre a corrente e a fonte 

8. A magnitude do campo magnético na região entre as placas do capacitor, a uma 
distância r do eixo do capacitor.

1.

2.



Circuito RC em paralelo

(b) Find the current across the inductor. 

(c) What is the magnitude of the total current? 

(d) Find the impedance of the circuit. 

(e) What is the phase angle between the current and the voltage? 
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Suppose at t = 0 the capacitor in the LC circuit is fully charged to Q0 . At a later time 
t T  / 6   , where T is the period of the LC oscillation, find the ratio of each of the =
following quantities to its maximum value: 

(a) charge on the capacitor, 

(b) energy stored in the capacitor, 

(c) current in the inductor, and 

(d) energy in the inductor. 

12.11.7 Parallel RC Circuit 

Consider the parallel RC circuit shown in Figure 12.11.5. 

Figure 12.11.5 Parallel RC circuit 

The AC voltage source is V t( )  =V0 sin  ωt . 

(a) Find the current across the resistor. 

(b) Find the current across the capacitor. 

(c) What is the magnitude of the total current? 
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3.

  Note: 

4.

5.



Circuito RC em paralelo

6.

7.



Circuito RL em paralelo

Figure 12.11.3 A “black box” connected to an AC voltage source. 

The elements in the circuit and their arrangement, however, are unknown. Measurements 
outside the black box provide the following information: 

V t( ) = (80 V)sin ωt 
I t( ) = (1.6 A)sin( ωt + 45 ) ° 

(a) Does the current lead or lag the voltage? 

(b) Is the circuit in the black box largely capacitive or inductive? 

(c) Is the circuit in the black box at resonance? 

(d) What is the power factor? 

(e) Does the box contain a resistor? A capacitor? An inductor? 

(f) Compute the average power delivered to the black box by the AC source. 

12.11.5 Parallel RL Circuit 

Consider the parallel RL circuit shown in Figure 12.11.4. 

Figure 12.11.4 Parallel RL circuit 

The AC voltage source is V t( )  =V0 sin  ωt . 

(a) Find the current across the resistor. 
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Considere que V(t) = V0 cosΩt  e calcule:  
1. A corrente através do resistor

2. A corrente através do indutor

3. A magnitude da corrente total

4. A impedância do circuito

5. A diferença de fase entre a corrente e a fonte 


