PROBLEMS OF CHAPTER 3: Transfer of power. Image

Problem 3.1

Parameters.

March 13, 2017

For the circuit in Figure [ it is known that the real source (e4(t), Ry) delivers the maximum power
to the network LC. If we know the measurements of the voltmeter and ammeter are V, = v/5 V, ¥
and 14 = 2 Ay, respectively, obtain:

a) The power absorbed by resistor R.

b) Value of C.

c) Equivalent impedance from the output of the LC' network.

Result

a) PRZQW
b) C =1F.
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Data: eg(t) =4cos(t) V ; R;=1Q ; R=2Q

For the circuit in Figure [l there is impedance matching in section C'D. We know that the network
2 has a power transmission loss of oy = 6 dBs. Determine:

a) Value of voltage Vyp.

b) Power in impedance Zr..



¢) Transmission and insertion loss for the set of two networks.
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Data: E,=(14+75)V ; Z;=(12-25)Q ; Zp=(2+5j) .

Result

a) Vap=j3V.
1

b) PZL == ﬁ W

¢) Qrotal = ap = 6 dBs, ay = 4.08 dBs

Problem 3.3

In the circuit of Figure Ml we have impedance matching in section C'D. Network 2 introduces a power
transmission loss of ap = 3 dBs and the measurement of the voltmeter is of v/2 V, ¢- Determine:

a) Power of the impedance Zy,.
b) Value of impedance Zc.

¢) Transmission and insertion loss for the set of two networks.
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Data: E,=—8jV ; Z,=(4—4)Q ; R=1Q.

Result
a) PZL =1W.
b) Zc = —j .

c) ar =3 dBs, ay = —1.94 dBs



Problem 3.4

In the circuit of Figure [, we have impedance matching in section AB, and the voltmeter measures
a voltage of 5 V.r. Obtain:

a) Input impedance for network 2, Zcp.
b) Power absorbed in Rs.

c¢) The value of inductor L,.
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Data: eg(t)=4cos(t)V ; Ri=2Q ; Ro=9Q ; L1 =2H ; CIZ%F_

Result

a) ZCD = (1 —]) Q.
b) Pr, =1W.
C) L2 =H

Problem 3.5

For the circuit shown in Figure [[(a), we know that the quadripoles have the internal structure
shown in Figure [l(b). Compute:

a) The image parameters (Zy y ) of the quadripoles.
b) Value for a, in order to guarantee that the power of the source ig(t) is 0 W.

c) Power for impedance Zj..
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Data : ig(t) = 2 sin (wt) A : wL =50 : % =109

¢) Pz, =08 w

Problem 3.6

For the circuit in Figure[Il(a), networks Q4 and @ p have the same impedance Zj. If quadripole @ 4
has the internal structure shown in Figure [[I(b), determine:

a) Image parameters of quadripole Q4.

b) Power absorbed by the load.
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Data : e4(t) = 24 sin (wt) V s Zg=12Q
Qa{wL=5Q; J5=1Q} ; Qs {Zo=2: y=In(2)Np}
Result

a) Zopp =3 Q; v4 = 1.93055

b) Py, =15W

Problem 3.7

For the circuit shown in Figure [[a) we know the image parameters of quadripole @4 and the
internal structure of two-port network @ p, see Figure [I(b).

a) Obtain the value of the impedance Z in order to guarantee that the source (E,, Z,) delivers the
maximum power.

b) Find the power absorbed by the impedance Z obtained in the previous section, as well as the
time-domain expression of current iz(t).



c¢) Justify why the insertion loss of quadripole @p is 0.
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Data : e4(t) =6 sin (wt) V

Zg:6Q y ZL:ZOB
Qa {Zoa=6Q; y=Wm@2)Np} ; Qp{wL=5Q; =10}

Result

a) Z=30Q
b) Pz =3 W;iz(t) =1 - sin(wt) A

Problem 3.8

For the association of quadripoles shown in Figure [Ia), the three networks @ are identical and their
internal structure is shown in figure [[(b). If the load impedance Z, is equal to the characteristic
impedance of the networks, obtain:

a) The image parameters of the quadripole Q.
b) The time-domain expression of voltage Vop(t).

¢) The maximum number of quadripoles @) that we can connect in cascade, between the source
(Ey, Ry) and the load Zr, in order to guarantee that the load receives a power > 1 mW.
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Data: ey4(t) =75 cos(wt) V. ; R=6Q ; R,=2Z
Result



a) Zy=2v3Q; v =1.3170 Np
b) Vep = 0.4809

c)n=4

Problem 3.9

The quadripole shown in Figure[Il(a), which is bilateral and symmetric, has the following parameters:
z11 =8 Q and y1; = % 01

a) Obtain the image parameters Zy and ~.

b) Determine the power absorbed by the load Zp,, using the circuit shown in Figure [[l(b), where the
quadripoles have the same internal structure of the two-port networks shown in Figure [I}(a).
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Data : e4(t) =4sin(wt) V; Zy =21 = Z

Result
L
a) Zo=4Q,v= n2(3) Np
1
b) B,=—W
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Problem 3.10

For the circuit shown in Figure[all the quadripoles are identical and symmetric. The measurements
shown in Figure 2] have been done with these quadripoles.

a) Compute the image parameters (Zy and «) for the quadripole Q.

b) Determine the value of a so as to guarantee that the source (eq4(t), Z4) delivers the maximum
power.

c) Obtain the power absorbed by the load Z7, and the time-domain expression of the current iz, ().

d) Determine the power transmission and insertion loss introduced by the set of quadripoles and
the transformer.
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Data : ey4(t) =16-cos(wt) V. 3 Zy=4Zy ; Zi = Zy.

Result
Zo =280
a) o
v =1Ln(2) - j3
b) a=2

c) Pz, = 1_16 W;ir(t) = 1 cos (wt+3F) A

d) ar =2.08 Np; oy = 1.86 Np

Problem 3.11

For the circuit shown in Figure [Il determine the power of the source i(t).
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Data:
eg(t) =8-sin(wt) V. i(t)=cos(wt) A ; Zy=2721,=30Q

Zy, =30 Zo, =5Q
Q=" 3 D Qe=q 0

Th(n) =3 Y2 =—J%



Result

Pr =0.8260 W

Problem 3.12

In the circuit of Figure[Mlwe know that each quadripole Q is RLC. We also know that its transmission
parameters are: A=3, B=8Q, C=1Q7' D=3.
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Data: ZL = 2\/5 Q

a) Justify if quadripole @ is bilateral and symmetric. If so, obtain its image parameters (Zp and
7)-

b) Find the ratio between the input power, P;, and the output power, P, of the association given
in Figure [1I

c) Compute the ratio between the power absorbed by the load before and after one of the quaripoles
is removed from the association shown in Figure [II

Result

Zo=2V2 0

a uadripole bilateral and symmetric.
) Q P Y {7 = 1.763 Np
b) £ =39261.5

¢) ¥ =33.99

Problem 3.13

In the circuit shown in Figure D] the three bilateral and symmetric quadripoles are characterized by

their image parameters. They all have the same characteristic impedance Zy. Moreover, we know
that Zg = ZL = Zo.

a) Compute the power absorbed by the load Z.

b) Compute the power of the voltage sources e(t) and e4(t), and of the current source i(t).
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Data: ey(t) =30sin (wt+F) V; e(t) =10sin(wt) V; i(t) =5 sin (wt) A;

Zo=50Q Zo=50Q Zo=50Q
Ql{ . Q2{ , Qs{
M =7j% Yo = jm 73 = In(2) Np

Result

a) Py, =2 W

b) Py, =15W; Pg=35W; P =—-2W

Problem 3.14

For the association of quadripoles shown in Figure [Il it is known that the two-port network @5 is

bilateral, and that its output impedance with an open-circuit input is Zss = 3 Q. Moreover, the

measurements shown in Figure 2l have been done.
a) Determine a family of parameters to characterize the quadripole Q.
b) Find the value for resistor R in order to guarantee that the source delivers the maximum power.

c) Determine the transmission loss of the network between the real source (Fgy, Z,) and the load

(Zr).
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i,(0) i(?)

v,(?) 0,

v (1)=22 sen (wt) V;
i;(H)=2 sen (wt) A;
i(t)=4 sen (wt-m) A.

Figure 2

1
Data: Zg:35Q;ZL:§Q;a:2.

Result
) h 11 Q 2
a =
Q: —2 207!
b) R=5Q.

c) ar =1.4311 Np = 12.43 dB.

Problem 3.15

Given the association of quaripoles in Figure [I] determine:

a) The image parameters of quadripoles 1 and Q3.

b) The insertion loss produced by quaripole Q2 and the transmission loss of quadripole Q.

Q
Figure 1
Data : E, =100V s Zg=(06-25)Q ; Zr=2y ; L=MA+3j)A ; Va=(T—j)V
4 .
[Pk /A
10

Result

a) Zo = (10 —107) 2, 1 = Ln(10) Np, 72 = j7 rad.
b) az, = as =0 Np, ar, = a; = Ln(10) Np
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Problem 3.16

Quaripoles Q4 and @p have been connected as it is shown in Figure [l Of quaripole Q4 we know
the value of Zp4 = 1%]9 Of quaripole @Qp we know that it is bilateral and symmetric, and we also

know its transmission parameters A and B.

a) Compute the image parameters of quadripole @ p.

b) Determine the time-domain expression of the current iy (t), if the load Z; coincides with the
characteristic impedance of the quadripole Q).

c) Compute the transmission and insertion loss of the set of two quadripoles Qg connected in

cascade.
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Data: L+
eg(t) =2cos(wt) V. ; Zg= Tj
1
A= —
2
@z Y3
B=—2=0
V2
Result

‘ T
a) Zop=(1-3)Qy s =7 .
b) ir(t) = cos (wt — ) A.

¢) ar =ar =2ap =0Np.

Problem 3.17

In the circuit of Figure [Il quadripole Q4 is bilateral and symmetric, with transmission parameters
B =4 Q and D = 3, and the source (eq4(t), Ry) is delivering the maximum power. With these
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conditions, we know that i,(t) = cos(wt — w/4) A. Determine:

a) The valur of the characteristic impedance of quadripole Qg, Zyp.

)

b) The value of v for quadripole @ p.

¢) The time-domain expresion of the voltage at the output of quadripole Q 4, v(t).
)

Transmisison and insertion loss for the quadripole Q5. Justify your answer.
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Data: e4(t) =12cos(wt)V ; R, =3Q ; a=2 ; Z;=ZyB
Result

Q

3
1. ZOB:§

2. v = In(2) —i—j%
3. v(t) = cos(wt) V

4. ar = ay = Re{yp} = ap =In(2) Np
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