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Objetivos

Este arquivo tem como objetivo fornecer dados complementares à solução dos 
exercícios da lista de sistemas elétricos. Estão sendo fornecidas as equações
dinâmicas para os modelos considerados. A partir delas, é possível obter-se as
F.T. desejadas a partir da Transformada de Laplace. 

Salientamos que eventualmente pode-se chegar à respostas differentes destas
mostradas em seguida, em função da adoção de hipóteses simplificadoras outras
que não aquelas usadas para a obtenção das equações que se seguem. 
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Exercício 1
A F.T. não estão na forma padrão !

SEM0232 Exerćıcios Propostos - Sistemas Elétricos e Eletromecânicos Data: 1
o
/2023

1-) Para cada um dos circuitos mostrados abaixo determine a F.T. relacionando a tensão de sáıda (vo) com
a de entrada (vs ou vi). Estabeleça hipóteses simplificadoras que julgar necessárias.
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6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.
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6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.
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6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.
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6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.
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6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.
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6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.
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6.15 Obtain the model of the currents i1, i2, and i3, given the input voltages v1 and
v2, for the circuit shown in Figure P6.15.

6.16 Obtain the model of the currents i1, i2, and the voltage v3, given the input
voltages v1 and v2, for the circuit shown in Figure P6.16.
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6.17 For the circuit shown in Figure P6.14, determine a suitable set of state
variables, and obtain the state equations.

6.18 For the circuit shown in Figure P6.15, determine a suitable set of state
variables, and obtain the state equations.

6.19 For the circuit shown in Figure P6.16, determine a suitable set of state
variables, and obtain the state equations.

Section 6.3 Transfer Functions and Impedance

6.20 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.20.

6.21 Use the impedance method to obtain the transfer function I (s)/Vs(s) for the
circuit shown in Figure P6.21.

6.22 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.22.

6.23 Use the impedance method to obtain the transfer function Vo (s)/Is(s) for the
circuit shown in Figure P6.23.
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6.24 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.24.
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6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.
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6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.
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6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.

2-) A figura abaixo mostra um modelo de um potenciômetro que inclui resistências R1 e R2, ambas de-

pendentes de x(t). Entretanto, alguns potenciômetros, por serem constrúıdos a partir de enrolamentos de

cobre em torno de um núcleo também podem apresentar efeitos indutivos. No caso em questão, tais efeitos

são modelados pelas duas indutâncias L1 e L2 que também dependem de x(t). (i) Determine a equação

diferencial relacionando a tensão de sáıda do circuito eo(t) com x(t) e ei(t); (ii) Assuma que R2 e L2 sejam

proporcionais a x(t). Seja L2 = LT

⇣
x(t)
xmax

⌘
e R2 = RT

⇣
x(t)
xmax

⌘
, onde L1 + L2 = LT e R1 + R2 = RT . De-

termine a equação diferencial que relaciona eo(t) a x(t) e ei(t) e compare a resposta com a do item anterior.
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3-) A figura abaixo mostra um modelo simplificado de um transdutor magnético para medição de movimento.

Um ı́mã permanente produz um campo magnético uniforme de intensidade B no interior de seu núcleo, o que

1
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1-) Para cada um dos circuitos mostrados abaixo determine a F.T. relacionando a tensão de sáıda (vo) com
a de entrada (vs ou vi). Estabeleça hipóteses simplificadoras que julgar necessárias.
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6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.
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6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.
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6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.
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Figure P6.24
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6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.
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6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.

Figure P6.31
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6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.
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6.15 Obtain the model of the currents i1, i2, and i3, given the input voltages v1 and
v2, for the circuit shown in Figure P6.15.

6.16 Obtain the model of the currents i1, i2, and the voltage v3, given the input
voltages v1 and v2, for the circuit shown in Figure P6.16.

Figure P6.16
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6.17 For the circuit shown in Figure P6.14, determine a suitable set of state
variables, and obtain the state equations.

6.18 For the circuit shown in Figure P6.15, determine a suitable set of state
variables, and obtain the state equations.

6.19 For the circuit shown in Figure P6.16, determine a suitable set of state
variables, and obtain the state equations.

Section 6.3 Transfer Functions and Impedance

6.20 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.20.

6.21 Use the impedance method to obtain the transfer function I (s)/Vs(s) for the
circuit shown in Figure P6.21.

6.22 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.22.

6.23 Use the impedance method to obtain the transfer function Vo (s)/Is(s) for the
circuit shown in Figure P6.23.
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6.24 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.24.
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6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.
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6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.
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6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.

2-) A figura abaixo mostra um modelo de um potenciômetro que inclui resistências R1 e R2, ambas de-

pendentes de x(t). Entretanto, alguns potenciômetros, por serem constrúıdos a partir de enrolamentos de

cobre em torno de um núcleo também podem apresentar efeitos indutivos. No caso em questão, tais efeitos

são modelados pelas duas indutâncias L1 e L2 que também dependem de x(t). (i) Determine a equação

diferencial relacionando a tensão de sáıda do circuito eo(t) com x(t) e ei(t); (ii) Assuma que R2 e L2 sejam

proporcionais a x(t). Seja L2 = LT
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termine a equação diferencial que relaciona eo(t) a x(t) e ei(t) e compare a resposta com a do item anterior.
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3-) A figura abaixo mostra um modelo simplificado de um transdutor magnético para medição de movimento.

Um ı́mã permanente produz um campo magnético uniforme de intensidade B no interior de seu núcleo, o que
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SEM0232 Exerćıcios Propostos - Sistemas Elétricos e Eletromecânicos Data: 1
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1-) Para cada um dos circuitos mostrados abaixo determine a F.T. relacionando a tensão de sáıda (vo) com
a de entrada (vs ou vi). Estabeleça hipóteses simplificadoras que julgar necessárias.
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6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.
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6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.

Figure P6.31
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6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.
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6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.
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6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.

Figure P6.31
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6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.
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6.15 Obtain the model of the currents i1, i2, and i3, given the input voltages v1 and
v2, for the circuit shown in Figure P6.15.

6.16 Obtain the model of the currents i1, i2, and the voltage v3, given the input
voltages v1 and v2, for the circuit shown in Figure P6.16.

Figure P6.16
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6.17 For the circuit shown in Figure P6.14, determine a suitable set of state
variables, and obtain the state equations.

6.18 For the circuit shown in Figure P6.15, determine a suitable set of state
variables, and obtain the state equations.

6.19 For the circuit shown in Figure P6.16, determine a suitable set of state
variables, and obtain the state equations.

Section 6.3 Transfer Functions and Impedance

6.20 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.20.

6.21 Use the impedance method to obtain the transfer function I (s)/Vs(s) for the
circuit shown in Figure P6.21.

6.22 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.22.

6.23 Use the impedance method to obtain the transfer function Vo (s)/Is(s) for the
circuit shown in Figure P6.23.
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6.24 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.24.
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6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.
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R2 C

Figure P6.30

vi

C

R1

vo

R3

R2

6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.

Figure P6.31

vo

C2 R2

vi

C1

R1

R3

Figure P6.32

vovi

R2

R1

C2

C1

6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.

2-) A figura abaixo mostra um modelo de um potenciômetro que inclui resistências R1 e R2, ambas de-

pendentes de x(t). Entretanto, alguns potenciômetros, por serem constrúıdos a partir de enrolamentos de

cobre em torno de um núcleo também podem apresentar efeitos indutivos. No caso em questão, tais efeitos

são modelados pelas duas indutâncias L1 e L2 que também dependem de x(t). (i) Determine a equação

diferencial relacionando a tensão de sáıda do circuito eo(t) com x(t) e ei(t); (ii) Assuma que R2 e L2 sejam

proporcionais a x(t). Seja L2 = LT

⇣
x(t)
xmax

⌘
e R2 = RT

⇣
x(t)
xmax

⌘
, onde L1 + L2 = LT e R1 + R2 = RT . De-

termine a equação diferencial que relaciona eo(t) a x(t) e ei(t) e compare a resposta com a do item anterior.

+

-

R1(x)

ei
R2(x)

L1(x)

L2(x)

+

-

x(t) eo

3-) A figura abaixo mostra um modelo simplificado de um transdutor magnético para medição de movimento.

Um ı́mã permanente produz um campo magnético uniforme de intensidade B no interior de seu núcleo, o que

1

6.22 Kirchhoff ’s voltage law gives
vs = Ri + vo

Solve this for i:

i =
vs − vo

R
(1)

For the capacitor:

vo =
1

C

∫

i2 dt

which gives

C
dvo

dt
= i2 (2)

For the inductor:

vo = L
di1
dt

Solve this for i1:

i1 =
1

L

∫

vo dt (3)

From conservation of charge:
i = i1 + i2 (4)

Substitute i, i1, and i2 from equations (1), (2), and (3) into equation (4) to obtain:

vs − vo

R
=

1

L

∫

vo dt + C
dvo

dt

Differentiate both sides to get

1

R
(v̇s − v̇o) =

vo

L
+ Cv̈o

Rearrange in standard form to get the answer:

RLCv̈o + Lv̇o + Rvo = Lv̇s

The transfer function is
Vo(s)

Vs(s)
=

Ls

RLCs2 + Ls + R

c⃝2013 McGraw-Hill. This work is only for non-profit use by instructors in courses for which

the textbook has been adopted. Any other use without publisher’s consent is unlawful.

6.25 Let i1 be the current through R1; i2 be the current through the left-side C; i3 be the
current through R2; i4 be the current through the right-side C; and i5 be the current to the
output vo. Then from Kirchhoff ’s voltage law,

Vs(s) =
1

Cs
I2(s) + R2I2(s) R2I3(s) =

1

Cs
I4(s) + Vo(s)

R1I1(s) =
1

Cs
I2(s) +

1

Cs
I4(s)

From conservation of charge,

I2(s) = I3(s) + I4(s) I5(s) = I1(s) + I4(s) = 0

Thus I4(s) = −I1(s). Use these equations to eliminate the current variables, and find the
ratio Vo(s)/Vs(s). The answer is

Vo(s)

Vs(s)
=

R1R2C2s2 + 2R2Cs + 1

R1R2C2s2 + (R1 + 2R2)Cs + 1

c⃝2013 McGraw-Hill. This work is only for non-profit use by instructors in courses for which

the textbook has been adopted. Any other use without publisher’s consent is unlawful.
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Vo(s)

Vs(s)
=

C1s

LC1C2s3 +RC1C2s2 + (C1 + C2) s
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1-) Para os circuitos mostrados abaixo, i refere-se à variável de entrada e o à variável de sáıda. Em

todos os casos determine a F.T. relacionando as correspondentes grandezas f́ısicas. Estabeleça hipóteses

simplificadoras que julgar necessárias.

+

ei eoR1

R2

C
+

-

-

+

ei eo

R1

C+

-

-

R2

C

+

ii eo

+

-

-

CR L

A

R1

R2
C1

C2

R3

ei eo

+
+

- -

A

R1 R2

C

R3

ei

+

-
R4

eo

+

(a) (b) (c)

(d) (e)

2-) A figura abaixo mostra um modelo de um potenciômetro que inclui resistências R1 e R2, ambas de-

pendentes de x(t). Entretanto, alguns potenciômetros, por serem constrúıdos a partir de enrolamentos de

cobre em torno de um núcleo também podem apresentar efeitos indutivos. No caso em questão, tais efeitos

são modelados pelas duas indutâncias L1 e L2 que também dependem de x(t). (i) Determine a equação

diferencial relacionando a tensão de sáıda do circuito eo(t) com x(t) e ei(t); (ii) Assuma que R2 e L2 sejam

proporcionais a x(t). Seja L2 = LT

⇣
x(t)
xmax

⌘
e R2 = RT

⇣
x(t)
xmax

⌘
, onde L1 + L2 = LT e R1 + R2 = RT . De-

termine a equação diferencial que relaciona eo(t) a x(t) e ei(t) e compare a resposta com a do item anterior.

+

-

R1(x)

ei
R2(x)

L1(x)

L2(x)

+

-

x(t) eo

1

Eo(s)

Ei(s)
= � (R2C2s+ 1)(R1C1s+ 1)

C2s(R3R1C1s+R3 +R1)

<latexit sha1_base64="jQcmsbkNVifVyVCNRCAYuXOSE4o="></latexit>
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1-) Para cada um dos circuitos mostrados abaixo determine a F.T. relacionando a tensão de sáıda (vo) com
a de entrada (vs ou vi). Estabeleça hipóteses simplificadoras que julgar necessárias.
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Problems 389

Figure P6.24

vo

R

L

vs C2

C1

1

2

Figure P6.25

1

2

vs vo

R1

R2

C C

Figure P6.26

1

2

C1

C2

R1 R2
vs vo

6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.

Figure P6.29

vovi R1

R2 C

Figure P6.30

vi

C

R1

vo

R3

R2

6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.

Figure P6.31

vo

C2 R2

vi

C1

R1

R3

Figure P6.32

vovi

R2

R1

C2

C1

6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.
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Figure P6.24

vo

R

L

vs C2

C1

1

2

Figure P6.25

1

2

vs vo

R1

R2

C C

Figure P6.26

1

2

C1

C2

R1 R2
vs vo

6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.

Figure P6.29

vovi R1

R2 C

Figure P6.30

vi

C

R1

vo

R3

R2

6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.

Figure P6.31

vo

C2 R2

vi

C1

R1

R3

Figure P6.32

vovi

R2

R1

C2

C1

6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.
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Figure P6.14

voR

L

Cis
i2

i1v1

Figure P6.15

1

2

1

2

i2i1

i3

L C

Rv1 v2

6.15 Obtain the model of the currents i1, i2, and i3, given the input voltages v1 and
v2, for the circuit shown in Figure P6.15.

6.16 Obtain the model of the currents i1, i2, and the voltage v3, given the input
voltages v1 and v2, for the circuit shown in Figure P6.16.

Figure P6.16

1

2

1

2

i2

i3

i1 L1R

C

L2

v1 v2

v3

6.17 For the circuit shown in Figure P6.14, determine a suitable set of state
variables, and obtain the state equations.

6.18 For the circuit shown in Figure P6.15, determine a suitable set of state
variables, and obtain the state equations.

6.19 For the circuit shown in Figure P6.16, determine a suitable set of state
variables, and obtain the state equations.

Section 6.3 Transfer Functions and Impedance

6.20 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.20.

6.21 Use the impedance method to obtain the transfer function I (s)/Vs(s) for the
circuit shown in Figure P6.21.

6.22 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.22.

6.23 Use the impedance method to obtain the transfer function Vo (s)/Is(s) for the
circuit shown in Figure P6.23.

Figure P6.20

vovs R1

R2 i2
i1

i3C
1

2

Figure P6.21

1

2

vs

i
R2

R1C

Figure P6.22

L

i2

i1R

Cvs vo
1

2

i3

Figure P6.23

voR L Cis

i3i2i1

6.24 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.24.
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Figure P6.24

vo

R

L

vs C2

C1

1

2

Figure P6.25

1

2

vs vo

R1

R2

C C

Figure P6.26

1

2

C1

C2

R1 R2
vs vo

6.25 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.25.

6.26 Use the impedance method to obtain the transfer function Vo (s)/Vs(s) for the
circuit shown in Figure P6.26.

6.27 Draw a block diagram of the circuit shown in Figure P6.15. The inputs are v1
and v2. The output is i2.

6.28 Draw a block diagram of the circuit shown in Figure P6.16. The inputs are v1
and v2. The output is v3.

Section 6.4 Operational Amplifiers

6.29 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.29.

6.30 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.30.

Figure P6.29

vovi R1

R2 C

Figure P6.30

vi

C

R1

vo

R3

R2

6.31 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.31.

6.32 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.32.

Figure P6.31

vo

C2 R2

vi

C1

R1

R3

Figure P6.32

vovi

R2

R1

C2

C1

6.33 Obtain the transfer function Vo (s)/Vi (s) for the op-amp system shown in
Figure P6.33.

2-) A figura abaixo mostra um modelo de um potenciômetro que inclui resistências R1 e R2, ambas de-

pendentes de x(t). Entretanto, alguns potenciômetros, por serem constrúıdos a partir de enrolamentos de

cobre em torno de um núcleo também podem apresentar efeitos indutivos. No caso em questão, tais efeitos

são modelados pelas duas indutâncias L1 e L2 que também dependem de x(t). (i) Determine a equação

diferencial relacionando a tensão de sáıda do circuito eo(t) com x(t) e ei(t); (ii) Assuma que R2 e L2 sejam

proporcionais a x(t). Seja L2 = LT

⇣
x(t)
xmax

⌘
e R2 = RT

⇣
x(t)
xmax

⌘
, onde L1 + L2 = LT e R1 + R2 = RT . De-

termine a equação diferencial que relaciona eo(t) a x(t) e ei(t) e compare a resposta com a do item anterior.

+

-

R1(x)

ei
R2(x)

L1(x)

L2(x)

+

-

x(t) eo

3-) A figura abaixo mostra um modelo simplificado de um transdutor magnético para medição de movimento.

Um ı́mã permanente produz um campo magnético uniforme de intensidade B no interior de seu núcleo, o que

1

6.30 The transfer function is
Vo(s)

Vi(s)
= −

Tf(s)

Ti(s)

where Tf (s) = R3 and
Ti(s) = Z(s) + R2

1

Z(s)
=

1

R1
+

1
1

Cs

Thus

Z(s) =
R1

R1Cs + 1

and

Ti(s) =
R1

R1Cs + 1
+ R2 =

R1R2Cs + R1 + R2

R1Cs + 1

Thus
Vo(s)

Vi(s)
= − R3(R1Cs + 1)

R1R2Cs + R1 + R2

and

R1R2C
dvo

dt
+ (R1 + R2)vo = −R1R3C

dvi

dt
− vi

c⃝2013 McGraw-Hill. This work is only for non-profit use by instructors in courses for which

the textbook has been adopted. Any other use without publisher’s consent is unlawful.
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1-) Para os circuitos mostrados abaixo, i refere-se à variável de entrada e o à variável de sáıda. Em

todos os casos determine a F.T. relacionando as correspondentes grandezas f́ısicas. Estabeleça hipóteses

simplificadoras que julgar necessárias.

+

ei eoR1

R2

C
+

-

-

+

ei eo

R1

C+

-

-

R2

C

+

ii eo

+

-

-

CR L

A

R1

R2
C1

C2

R3

ei eo

+
+

- -

A

R1 R2

C

R3

ei

+

-
R4

eo

+

(a) (b) (c)

(d) (e)

2-) A figura abaixo mostra um modelo de um potenciômetro que inclui resistências R1 e R2, ambas de-

pendentes de x(t). Entretanto, alguns potenciômetros, por serem constrúıdos a partir de enrolamentos de

cobre em torno de um núcleo também podem apresentar efeitos indutivos. No caso em questão, tais efeitos

são modelados pelas duas indutâncias L1 e L2 que também dependem de x(t). (i) Determine a equação

diferencial relacionando a tensão de sáıda do circuito eo(t) com x(t) e ei(t); (ii) Assuma que R2 e L2 sejam

proporcionais a x(t). Seja L2 = LT

⇣
x(t)
xmax

⌘
e R2 = RT

⇣
x(t)
xmax

⌘
, onde L1 + L2 = LT e R1 + R2 = RT . De-

termine a equação diferencial que relaciona eo(t) a x(t) e ei(t) e compare a resposta com a do item anterior.

+

-

R1(x)

ei
R2(x)

L1(x)

L2(x)

+

-

x(t) eo

1

(L1(x) + L2(x))
di

dt
+ (R1(x) +R2(x)) i = ei(t)

L2(x)
di

dt
+R2(x) = eo(t)

<latexit sha1_base64="8T8WMGeiIboU0YBr2D22Xa6mGmU="></latexit>
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3-) A figura abaixo mostra um modelo simplificado de um transdutor magnético para medição de movimento.

Um ı́mã permanente produz um campo magnético uniforme de intensidade B no interior de seu núcleo, o que

faz o magneto mover-se com deslocamento u(t) e velocidade u̇(t) na direção mostrada na figura (perpendicular

ao plano da figura). Um cabo metálico condutor de comprimento d encontra-se fixo no interior do magnéto

e, portanto sujeio à ação do campo produzido por este. Considere que este cabo pode ser modelado por

uma indutância L e resistência R, ambas puras e ideais, e a sáıda do modelo é representada pela tensão

eo(t) no resistor externo Ro, também puro e ideal. Obtenha a F.T. relacionando a tensão de sáıda eo(t) ao
deslocamento absoluto u(t) do magneto.

u(t) N

S

L R Ro

+ -
eo

i

4-) Um alto-falante produz ondas sonoras através do movimento de um diagragma, em resposta à uma tensão

elétrica. A figura abaixo mostra um modelo simplificado de um alto-falante. A massa M desempenha o papel

do diafragma, sendo considerada uma massa ideal. O núcleo magnético (parte hachurada na figura) é fixo e

possui uma bobina com enrolamento no pólo magnético sul como mostrado (�-fio saindo do plano da figura;

⌦-fio entrando no plano da figura). O diafragma move-se com deslocamento absoluto u(t) e seu sistema de

fixação ao núcleo é modelado por uma mola K e amortecedor B, puros e ideais. A bobina possui N voltas

no pólo sul do núcleo fixo e raio a. Seja ↵ = 2⇡aNB, onde B representa a intensidade do fluxo magnético

no interior livre do núcleo magnético permanente. Mediante a aplicação de uma tensão de entrada ei(t) a

corrente elétrica resultante e que circula na bolbina, associada ao efeito do campo magnético permanente

provoca o surgimento de uma força na direção axial das hastes que conectam a bobina ao diafragma, fazendo

com que este se mova horizontalmente, gerando assim as ondas mecânicas sonoras. Desenvolva as equações

diferenciais do modelo e determine a F.T. relacionando o deslocamento do diafragma com a tensão de entrada

ei(t) aplicada ao circuito do alto-falante. Considere L e R efeitos equivalentes de indutância e resistência

elétricas (puros e ideais) para o modelo. Estabeleça hipóteses simplificadoras adicionais que julgar necessárias

+

-

ei

N

N

L R

S

K

B

M

u(t)

2

L
di

dt
+ (R+Ro)i = dBRou̇
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Exercício 3
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3-) A figura abaixo mostra um modelo simplificado de um transdutor magnético para medição de movimento.

Um ı́mã permanente produz um campo magnético uniforme de intensidade B no interior de seu núcleo, o que

faz o magneto mover-se com deslocamento u(t) e velocidade u̇(t) na direção mostrada na figura (perpendicular

ao plano da figura). Um cabo metálico condutor de comprimento d encontra-se fixo no interior do magnéto

e, portanto sujeio à ação do campo produzido por este. Considere que este cabo pode ser modelado por

uma indutância L e resistência R, ambas puras e ideais, e a sáıda do modelo é representada pela tensão

eo(t) no resistor externo Ro, também puro e ideal. Obtenha a F.T. relacionando a tensão de sáıda eo(t) ao
deslocamento absoluto u(t) do magneto.

u(t) N

S

L R Ro

+ -
eo

i

4-) Um alto-falante produz ondas sonoras através do movimento de um diagragma, em resposta à uma tensão

elétrica. A figura abaixo mostra um modelo simplificado de um alto-falante. A massa M desempenha o papel

do diafragma, sendo considerada uma massa ideal. O núcleo magnético (parte hachurada na figura) é fixo e

possui uma bobina com enrolamento no pólo magnético sul como mostrado (�-fio saindo do plano da figura;

⌦-fio entrando no plano da figura). O diafragma move-se com deslocamento absoluto u(t) e seu sistema de

fixação ao núcleo é modelado por uma mola K e amortecedor B, puros e ideais. A bobina possui N voltas

no pólo sul do núcleo fixo e raio a. Seja ↵ = 2⇡aNB, onde B representa a intensidade do fluxo magnético

no interior livre do núcleo magnético permanente. Mediante a aplicação de uma tensão de entrada ei(t) a

corrente elétrica resultante e que circula na bolbina, associada ao efeito do campo magnético permanente

provoca o surgimento de uma força na direção axial das hastes que conectam a bobina ao diafragma, fazendo

com que este se mova horizontalmente, gerando assim as ondas mecânicas sonoras. Desenvolva as equações

diferenciais do modelo e determine a F.T. relacionando o deslocamento do diafragma com a tensão de entrada

ei(t) aplicada ao circuito do alto-falante. Considere L e R efeitos equivalentes de indutância e resistência

elétricas (puros e ideais) para o modelo. Estabeleça hipóteses simplificadoras adicionais que julgar necessárias
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Mü+Bu̇+ ku� ↵i = 0

L
di

dt
+Ri+ ↵u̇ = ei(t)

↵ = 2⇡aNB
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Exercício 5
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o
/2020

5-) A figura anexa mostra um modelo onde um motor de corrente cont́ınua é conectado a uma carga JL
através de um par de engrenagens de dentes retos, cada uma delas contendo N1 e N2 dentes, respectiva-

mente. Por questão de simplicidade, a figura é representada no plano, mas o torque do motor resulta em

uma rotação no sentido anti-horário, expressa pela variável ✓m, como mostrado. A transmissão através do

par de engrenagens inverte o sentido da rotação e por esta razão a carga passa a girar no sentido horário.

Encontre a F.T. relacionando a velocidade angular da carga em relação à tensão de alimentação do motor

eA. Estabeleça hipóteses simplificadoras que julgar necessárias.

94 CHAPTER 1 FUNDAMENTALS OF VIBRATION

1.21 Figure 1.77 shows a U-tube manometer open at both ends and containing a column of liquid

mercury of length l and specific weight Considering a small displacement x of the

manometer meniscus from its equilibrium position (or datum), determine the equivalent

spring constant associated with the restoring force.
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FIGURE 1.77 U-tube
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FIGURE 1.75 Mass connected by springs.
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6-) A figura mostra um sistema eletromecânico projetado para acionamentos angulares. Uma fonte de

tensão é usada para alimentar um circuito composto essencialmente de uma bobina (solenóide) de N espiras

circulares em torno de um núcleo fixo. Ao ser acionada a tensão induzida exerce uma força mecânica que

atua na placa que por vez realiza movimento de rotação pura em torno de um eixo fixo. Desenvolva um

modelo dinâmico para o sistema mostrado. Em seguida, obtenha o modelo matemático correspondente ao

seu modelo e escreva a(s) F.T. para este modelo. Estabeleça hipóteses simplificadoras que julgar necessárias.

402 6 Power Transmission, Transformation, and Conversion

6.9.a  Draw the linear graph of the existing system and 
determine the transformer equations.

6.9.b  Draw the equivalent linear graph, if the gear set is 
eliminated, and inertias J1 and J2, the bearings b2, and 
the torsional shaft with spring constant K are replaced 
by equivalent elements attached to the input shaft.

6.9.c  Calculate the equivalent elemental parameters for the 
equivalent system of part b.

Problem 6.10 A mechanical system consisting of a torque 
source and a rack and pinion is shown in Fig. P6.10. The 
pinion has N1 8=  teeth. The rack has N2 4= teeth/in. The 
torque source acts on a pinion with mass moment of inertia 

20.05 kg mJ ·= . The pinion is engaged with a rack of mass 
M = 1 kg. The rack slides on a lubricating film with damping 

6 N sec/mb = ⋅ .
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ea(t)�Raia � La
dia
dt

� eb(t) = 0

TM (t)� fR1 = J1✓̈1

fR2 �B✓̇L = (J1 + JL)✓̈L
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TM – torque motor; f – força de engrenamento
R1 e R2 – raios das engrenagens
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através de um par de engrenagens de dentes retos, cada uma delas contendo N1 e N2 dentes, respectiva-

mente. Por questão de simplicidade, a figura é representada no plano, mas o torque do motor resulta em

uma rotação no sentido anti-horário, expressa pela variável ✓m, como mostrado. A transmissão através do

par de engrenagens inverte o sentido da rotação e por esta razão a carga passa a girar no sentido horário.
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eA. Estabeleça hipóteses simplificadoras que julgar necessárias.
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the torsional shaft with spring constant K are replaced 
by equivalent elements attached to the input shaft.

6.9.c  Calculate the equivalent elemental parameters for the 
equivalent system of part b.
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Trata-se de uma questão aberta
onde espera-se que o estudante
estabeleça hipóteses e a partir
delas formule um modelo
matemático para o sistema. Logo 
não tem solução única !


