
PROBLEMS OF CHAPTER 2: Two-port networks.

February 22, 2018

Problem 2.1

The two-port network Q of �gure 1(a) is 
onne
ted in the 
ir
uit shown in Figure 1(b). Obtain:

a) The family of z-parameters for the two-port network.

b) The power absorbed by the load ZR.

(a)

Zg
V1

I1 I2

V2
ZLQ

eg(t)
+

(b)

Figure 1

Data : R = 1 Ω ; α = 1 Ω ; β = 1 Ω−1

Zg = 1 Ω ; ZR = 1 + j Ω ; eg(t) = 4 sin(t) V

Result

a)

(

z11 z12

z21 z22

)

=

(

0 −1

1 1

)

b) PZR
= 4

5
·W

Problem 2.2

a) On the quadripole Q1 we obtain the measurements shown in �gure 1(a) and 1(b), obtaining the

following results:

Cir
uit (a) :

{

i1(t) = 2 sin (ωt) A

i2(t) = 2 sin
(

ωt−
π

2

)

A

; Cir
uit (b) :







i3(t) = 2 sin
(

ωt−
π

2

)

A

v4(t) = sin

(

ωt+
π

2

)

V

1



Obtain the h-parameters of the quadripole.

Figure 1

Data: eg(t) = 4 sin (ωt) V

b) Obtain the T -parameters of the quadripole with the stru
ture shown in �gure 2.

Figure 2

Data: R = α =
1

2
Ω; ZC = −

1

2
j Ω.

Result

a) (hQ1
) =

(

2 Ω 4− 4j

−j −2j Ω−1

)

b) (TQ2
) =







j
1 + j

2
Ω

(−1 + j) Ω−1
1 + j

2







Problem 2.3

The quadripole Q1 of the asso
iated quadripoles shown in �gure 2 is RLC and measurements on

this quadripole are shown in �gure 1(a) and (b). The quadripole Q2 is symmetri
al and two of his

parameters are h11 = 5 Ω and h12 = 1.

a) Obtain a family of parameters that 
hara
terizes the asso
iation of the quadripoles Q1 and Q2

as it is shown in Figure 2.

b) Obtain the impedan
e Ze.


) Obtain i2(t).
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e(t)Q1

ia(t)

Z1C=10/3 

Q1

(a)
(b)

e(t)= 5 cos(�t) V;  ia(t)=0.5 cos( t+ ) A;

                   ib(t)=3 cos(�t) A

ib(t)

Figure 1

eg(t)

Rg

Q1

Q2

Q3 RL

i2(t)

1:1

Ideal

Ze

Figure 2

DATOS: Rg = 10 Ω; RL = 50 Ω; eg(t) = 10 cos(ω0t) V

Q3 =







A =

√
2

2
B = 25

√
2j Ω

C =

√
2

100
j Ω−1 D =

√
2

2







Result

a)

(

yT
11

yT
12

yT
21

yT
22

)

= (yQ1
) + (yQ2

) =

(

3

10
− 1

10

− 1

10

3

5

)

+

(

1

5
−1

5

−1

5

1

5

)

=

(

1

2
− 3

10

− 3

10

4

5

)

b) Ze = 50 Ω


) i2(t) =
1

67
· cos(ω0t+ π) A

Problem 2.4

In �gure 1(a) an asso
iation of two quadripoles, QA and QB , is shown and their 
ir
ulation 
urrents

are zero. The quadripole QA is symmetri
al and some measurements on QA are shown in �gure

1(b). The quadripole QB is RLC and for this quadripole it is known Z1,O =
4

5
Ω, Z1,S = 0 Ω,

Z2,O =
1

5
Ω and the phase of the inverse voltage gain with input port in open 
ir
uit is zero.

Cal
ulate a family of parameters that 
hara
terizes the asso
iation of the two quadripoles as it is

shown in Figure 1(a)
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(a) (b)

Figure 1

Result

(hQT
) = (hQA

) + (hQB
) =







3

2
Ω

1

2

−
1

2

1

2
Ω−1






+

(

0 Ω 2

−2 5 Ω−1

)

=







3

2
Ω

5

2

−
5

2

11

2
Ω−1







Problema 2.5

In the 
ir
uit of the �gure 1(a) the 
urrents i1(t) and i2(t) are known. Furthermore, the internal

stru
ture of the quadripole Q is the one shown in �gure 1(b).

a) Cal
ulate the values of R1 and R2.

b) Obtain i1(t) if ZL → ∞.

(a)

Q

Q

(b)

R1 R1
R2

eg(t)

Rg

RL

Ideal

1:1

i1(t) i2(t)

Figure 1

DATOS : eg(t) = 4 · 
os(ωt) V. ; i1(t) = 
os(ωt) A ; i2(t) =
1

4
· 
os(ωt+ π) A

Rg = 1 Ω ; RL = 2 Ω

Result

a) R1 = 1 Ω; R2 =
2

3
Ω

b) i1(t) =
12

13

os(ωt) A
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Problem 2.6

For a symmetri
al quadripole, Q, we have performed the measurements shown in �gure 1(a). Cal-


ulate a family of parameters to 
hara
terize the asso
iation shown in �gure 1(b) of two of these

quadripoles.

(a) (b)

Figure 1

Data: Z1 = 2 Ω and Z2 = 4 Ω.

Result

(gQT
) =

(

1 Ω−1 ±2j

∓2j 8 Ω

)

Problem 2.7

For the asso
iated quadripoles shown in Figure 1, 
al
ulate:

a) The most adequate family of parameters for the asso
iation of quadripoles Q, whi
h is shown in

Figure 2.

b) The time-domain expression of the 
urrent that goes through the sour
e eg(t).

eg(t)

Rg

RLIdeal

1:1

Figure 1

DATA : eg(t) = 17 sen (t) V ; Rg =
2

5
Ω ; RL =

15

2
Ω
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Q Q

Z1A=(1-j)Ω

e(t)

e(t)=4 sen (t) V; v2(t)=5 sen (t) V 

i(t)

i1(t)

v2(t)

i2(t)=0

Z1C=0 Ω

i(t)=2 sen (t) A; i1(t)=3 sen (t) A 

(a) (b)

Figure 2

Result

a) (gQ) =







1

2
· (1 + j) Ω−1 −

3

2
5

4
0 Ω







b) i1(t) = 5
√
17 sen (t+ 0.245) A

Problem 2.8

In the 
ir
uit of the �gure 1, we know the h-parameters of the two-port network (QT ). Note that this

quadripole QT represents the asso
iation of two identi
al quadripoles (Q). However, the internal

stru
ture of the quadripole Q is not known, but it 
an be one of the stru
tures shown in �gure 2(a)

or (b).

Q
+

eg(t) Ideal

1:1

Q
Rg

RL

QT

(h)QT
=





5 Ω 1

−
1

2

1

2
Ω−1





Figure 1
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αI

R

RR

I

R

RR

(a) (b)

Figure 2

Answer the following questions:

a) Reason and 
hoose, without performing any 
al
ulation, whi
h of the two 
ir
uits (a) or (b)

shown in �gure 2 
orresponds to the quadripole Q of the �gure 1.

b) Cal
ulate the values of the elements of the quadripole Q: (R and α if the sele
ted Q is (a), or R

if the sele
ted Q is (b)).


) Cal
ulate the power dissipated by RL.

Data : eg(t) = 13 
os (ωt) V ; Rg = 1 Ω; RL = 2 Ω
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Result

a) (a).

b) R = 2 Ω; α = 1 Ω


) PRL
=

1

4
W

Problem 2.9

We want to asso
iate the two quadripoles QA and QB , as it is shown in �gure 1. For the quadripole


uadripolo QA the z−parameters are known. From the quadripole QB we know that it is re
ipro
al

and the measurements shown in �gure 2.

Rg

eg(t) QA

QB

QT

RL

+

Ic=0

Figure 1

DATOS: Rg = RL = 2Ω ; eg(t) = cos(t)V , (zQA
) =

(

−4j Ω −2j Ω

−2j Ω 0 Ω

)

.

QB

Z1 Z2

1( ) 2( )

QB QB

Figure 2

DATA: Z1 = 1Ω; Z2 = 2 Ω; i1(t) = cos(t)A; i2(t) = 2 cos(t)A

a) Obtain the adequate family of parameters for QA y QB so that they 
an be asso
iation to the

QT .

b) The power dissipoated by the resistor RLin the 
ir
uit of the �gure 1.

Result
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a) (gQA
) =







j

4
Ω−1 −

1

2
1

2
j Ω






, (gQB

) =







1

4
Ω−1

1

2

−
1

2
1 Ω







b) PRL
= 0 W

Problem 2.10

For the asso
iation of quadripoles shown in Figure 2 we know that the 
ir
ulation 
urrents are zero

(Ic = 0)

a) Obtain a family of parameters to 
hara
terize the RLC quadripole (QB) on whi
h the measure-

ments shown in �gure 1 have been done.

b) Obtain the equivalent impedan
e between the points C and D to the left (ZS) in the 
ir
uit of

the �gure 2.

Figure 1

Datos:















Z1 = 2 Ω

Z2 =
2

3
Ω

V2 = 2E1

Figure 2

DATA: (zQA
) =

(

2 Ω 2 Ω

2 Ω (2− 2j) Ω

)

; Zg = 1 Ω

Result

a) (gQA
) =

(

g11 g12

g21 g22

)

=





1

2
Ω−1 −1

1 −2j Ω





; (gQB
) =

(

g11 g12

g21 g22

)

=





3

2
Ω−1 −2

2 2 Ω





b) ZS = (5− 2j) Ω
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Problem 2.11

For the asso
iated quadripoles QA and QB shown in �gure 3 it is known that the 
ir
ulation 
urrents

are zero and also that:

• The quadripole QA is RLC and on measurements on this quadripole are shown in �gure 1(a)

y 1(b)

va(t)QA

ia(t)

Y1A=6/5 Ω-1

QA

(a)
(b)

�a(t)= cos(�t) V;  ia(t)=2 cos( t) A

              ib(t)=K cos(�t) A
Y2A=3 Ω-1

ib(t)

Figure 1

• The quadripole QB is symmetri
al and measurements on this quadripole are shown in �gure

2(a) y 2(b).

�b(�)QB

�a(�)

Z1=1/2 Ω

QB

(a) (b)

��(�)= cos(	�) V;  
a ) A

Figure 2

Optain:

a) A family of parameters that 
hara
terizes the asso
iation of the quadripoles QA y QB shown in

�gure 3.

b) Power delivered by the real generator (eg(t), Rg).


) Temporal expresssion of the 
urrent ix(t).

Figure 3

DATA: eg(t) = 4 
os(ωt) V ; Rg =
1

4
Ω
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Result

a) (yQT
) = (yQA

) + (yQB
) =

(

2 Ω−1 −2 Ω−1

−2 Ω−1 5 Ω−1

)

+

(

2 Ω−1 −3 Ω−1

−3 Ω−1 2 Ω−1

)

=

(

4 Ω−1 −5 Ω−1

−5 Ω−1 7 Ω−1

)

b) PEg ,Rg = 8 W


) ix(t) = 10 
os(ωt) A
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