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Question 1

The ABCD parameters of the two-port A/ and the turn ratio of the transformer in Fig. [T are
given.

V. | 2V, N

Z, n:1

Figure 1. An LTI circuit for which the maximum power delivery condition is required.

(a) Find Z1(jw) that adsorbs the maximum power from the source.

7

The cascade connection of the two-port and transformer has the transmittance matrix

v [es poalle 4=

n

nA(jw) —B(gw)
nC(jw) L(éw)

The impedance seen from the load port is

L) — a2 PRIZGw) 1 Blje) + Dlj)Zs(5e)
Y = L A(jw) + nC(jw)Zs(jw) | 12 A(jw) + C(jw)Zs(jw)

The maximum power is delivered if

. . 1 . . .
ZL(]W) = Zeq(.]w) = ni 3 ; —

(b) Evaluate the solution for A(jw) =1 + j, B(jw) = —1 + j4,C(jw) = %,D(jw) = 1 + In=
1, Zs(jw) = 1.

We have

, 1 B*(jw) + D*(jw)Zi(jw) —1—-j4+1-4 39 52
n? A*(jw) + C*(jw) Z; (jw) 1-j+1% 25 725

Question 2

In Fig. [2) N; and N are two identical LTI networks with different initial conditions. Here,
the network A/, has nonzero initial conditions while network A5 is in rest and has zero initial
conditions. In the first experimental setup, o(t) = u(t) + d(t) and i(t) = &(t) + &'(t). Find
vr(t),t > 0 in the second experiment if v-(0~) = 8and i1, (0~) = —0.5.
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Figure 2. Two LTI networks in two experimental scenarios.
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Figure 3: Equivalent circuits for the two experimental scenarios in Fig.

The LTI networks can be replaced with their Thevenin equivalent circuits in the two experi-
mental scenarios as shown in Fig. |3l Note that since A5 is in rest, no open circuit voltage

Question 2 continued on next page. ..
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exists in its Thevenin equivalent circuit. For the first experimental scenario,

V(s)=§+1, I(s)=1+s
So, X
_ V) 1 s) =2Z(s)I(s) = 2
260 =30 =, Eule) =221 =2+ %

No, consider the second experimental setup whose circuit schematic is drawn in the
Laplace domain in Fig. [3] We have,

Vp+8-2-2 yv-1 vy 852 — 245+ 3 245 9 4

+ +—==0=V, = =— — +-

L. s 1 2 (3 + 5s2) (10s2+6) 5(10s246) 5
Finally,

v (t) = gé (t) — % cos (\/ét) u(t) — 130\\//% sin <\/§t> u(t)

Question 3
For the circuit of Fig. [4]
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Figure 4. An LTI circuit.

(a) Find the transfer function H (s) = 553
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Using the shortcut mesh analysis in Laplace domain,
B s J[
-R—-24. R+& | |b K& (L - L)

-t 3wl 0] - [0]

—R-42+L% R+EZ-L||L 0
H(s) = Vo Khi-I) K (RCs+2 — K)CsVy; — (RCs+1— K)CsV,
Vs C'sV CsVs (2RCs+1)(RCs+2—K)— (RCs+1)(RCs+1—K)
So,
H(s) = K

(RC)?s2+ (3— K)RCs +1

(b) Find the values of K for which the zero-state response is stable.

For stability, the poles should be in the left-side s-plane. We have

K—-3+/(K-5)(K-1)
2RC

P12 =

Now,

- If K > 5, we have two real poles. The product of the two poles is the positive value

ﬁ. Since the sum of the two poles is % > 0, the two real poles are positive and

the circuit is unstable.

- If K < 1, we have two real poles. The product of the two poles is the positive value
=27 Since the sum of the two poles is =% < 0, the two real poles are negative
and the circuit is stable.

- If K =1, we have two repeated real negative poles Ig—é and the circuit is stable.
- If K =5, we have two repeated real positive poles % and the circuit is unstable.

- If 1 < K < 3, we have two complex conjugate poles with negative real part and the
circuit is stale.

- If 3 < K < 5, we have two complex conjugate poles with positive real part and the
circuit is unstable.

- If K = 3, we have two imaginary conjugate poles with zero real part and the circuit
is marginally stale.

Overall, the circuit is stable for K < 3, is marginally stable for K = 3, and is unstable for
K > 3.

(c) Find the value of K for which the circuit acts like an oscillator.

[ In this case the circuit should have its poles on the jw axis. So, K = 3.
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(d) Find the impulse response if K =1 and RC = 0.5.

We have,

K 4 4

Hi(s) = _ _
() (RC)?s2+ (3—K)RCs+1 s>+4s+4 (s+2)?

So,
h(t) = 4te=*u(t)

Question 4
For the circuit of Fig. [5}

@

|

Figure 5. An.LTI'LC circuit.
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Figure 6: The unforced version of the circuit shown in Fig.
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(a) Find the number of natural frequencies of the network.

The circuit has 10 energy storage elements. Killing the independent sources as shown in
Fig. [6] the unforced circuit has two independent capacitive loops and one independent
inductive cut set. So, it has 10 — 2 — 1 = 7 natural frequencies.

(b) Find the number of zero natural frequencies of the network.

Killing the independent sources, the unforced circuit has two independent inductive loops
and one independent capacitive cut set. So, it has 2 + 1 = 3 zero natural frequencies.

(c) Find the number of state variables.

The number of state variables equals the number of network natural frequencies, which is
7.

(d) Find the circuit order.

The circuit order equals the number of network natural frequencies, which is 7.

Question 5

A delta-connected positive-sequence balanced three-phase source drives the loads in Fig.
The source line voltage is V,;, = 101/3/30° Vfmsand 7, = 18+ 512, Zo = 6+ j4,and Z3 = 1+ .
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Figure 7: Two balanced interconnected three-phase loads.
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Figure 8: The equivalent single-phase circuit for the three-phase circuit shown in Fig.

(a) Calculate I and I5.

The equivalent single-phase circuit is shown in Fig. |8} where V,,, = %(—3001/@ = 10. So,
10 10 10

IA: Van = 10 = = =
T A Zy+23 6+IN6+54)+(A+5)  3+52+1+5 4+53 5/36.87°
So,
I =2/—36.87°
Z2
I =" —T,0=1/—36.87°
1 % —|—Z2 aA ;
Zy
Iy= 3 —T,0=1/-36.87°
2 % —|—Z2 aA ;

(b) Calculate I.¢.

I.c = 1,41/120° = 2/83.13°

(c) Calculate the complex, reactive, and active powers delivered by the source.

S =3V Ity = 3 x 10 x 2/36.87° = 60/36.87°
P = R{S} = 60cos(36.87°) = 60 x 0.8 = 48
Q = S{S} = 60sin(36.87°) = 60 x 0.6 = 36

(d) Compute the load power factor seen by the source.

PF = cos(¢) = 0.8 lag

Page 7 of[I0]
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Question 6

For the circuit of Fig. EL the initial conditions are i1 (07) = Iy1, i2(07) = Ip2, v1(07) = Vp1, and
'UQ(Oi) = ng.

Figure 9: An LTI circuit for which different circuit equations are required.

(a) Find the Laplace-domain modified node equations.

Adding I, I, and I, to the conventional unknown list V1, V5, V3, we have

8V1—V01—11+%+Iz:0
L+1,—-3[,=0
2sVo —2Voo —In+ Vo — 1, =0

Vo—Vi=E;
Vi — V3 =2s(—11) — 2(—Io1) + sl — Ino
Va — Vo = 3sly — 3lo2 + s(—11) — (—1o1)

Now,
[s+3 0 0 -1 0 176 [ Vo ]
0 0 0 1 1 =3 [Va(s) 0
0 2s+1 0 0 —1 —1||W(@s)| | 2V
-1 1 0 0 0 0] |[L(s)| | Es(s)
1 -1 2s —S 0 IQ(S) 2]01 - 102
L —1 1 S —3s 0 _Ix(S)_ _101 — 3102_
(b) Find.the time-domain modified node equations.
D+ 3 0 0 -1 0 17 [wu@®] [ 0]
0 0 0 1 1 =3| |u®) 0
0 2D+1 0 0 -1 —1||w®| _| 0
-1 1 0 0 0 0| |a(t)| |es(?)
1 0 -1 2D —D 0| |iz(t) 0
0 -1 1 D -3D o] )] [ 0 |
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(c) Find the phasor-domain modified node equations.

[jw+ 3 0 0 -1 0 17 ViGw)l] [ 0 7
0 0 0 1 1 =3| |Va(jw) 0
0 2w+1 0 0 -1 —1||WEw]| | o
—1 1 0 0 0 0] |[h(Qw)]| |Es(w)
1 0 -1 2jw —jw 0 I(jw) 0
| 0 —1 1 jw =-3jw 0] [LL(jw)] . 0 |
(d) Find the state equations.
We have,
(vg—vl = €3 = V2 = V] + €4
i1 +iy — 3ip =0 = i, = 1d2
1;1 +dv1 21+Zx—0:> dvl _—71)14- %’l‘g
v2+2d”2—12 zx—0=>22— 501 + es—l—des
(e — 2L  diz | 3dia _ diy 0:>d“—§ddif+§es

equations are

Clearly, i and v, depend on i; and v; and are not among the state variables. So, the state

S — Jun 41— L, — 42
(Ztl: 65+des +2des
(e) Find the network natural frequencies.
The zero-input state equations are
diy _
=0
Or,
d _1 1
a1 (t) _ 2 2| U1 (t)
dt [i1(t) 0 0] [i1(2)
The network natural frequencies are
g 1 1
A(s) = det[sT — A] = 832 2|=s(s+35)=0=s=0,—

(f) Find thé natural frequencies of i;.
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The zero-input response of iy is

diq .
E—Ojll(t)—K

and it has a single zero natural frequency.
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