EXERCISES MODULE 3: SOURCES AND METHODS OF
ANALYSIS. THEVENIN’s AND NORTON’s EQUIVALENT
SOURCES.

November 22, 2016

PROBLEM 3.1

Given the circuit of Figure [Tk
a) Determine the equations that allow to solve the circuit using the mesh analysis method.

b) Determine the equations that allow to solve the circuit using the nodal analysis method.

Figure 1

PROBLEM 3.2

Given the circuit in Figure 2}

a) Determine the system of equations that allows to solve the circuit using the mesh analysis
method.

b) Determine the system of equations that allows to solve the circuit using the nodal analysis
method.

c¢) Solve the circuit using the equations obtained in a), and determine the potential of points A, B
and C (V4, Vg, Vo).



d) Solve the circuit using the equations obtained in b), and determine the potential of points A, B
and C (V4, Vg, Vo).

e) Do these potentials coincide independently of the method of analysis used to compute them?

A Data:

E, =1V; E,=1V

ClzluF; L1:1mF

E
Fsc
R — R; Ri=1Q: Ro—1Q
1 R; ¢ % R;:m; Ri:2Q
—AA

Figure 2

Result
Va=0V, V=0V, Vog=1V



PROBLEM 3.3

Given the circuit in Figure 3

a) Determine the system of equations that allows to solve the circuit using the mesh analysis
method.

b) Determine the system of equations that allows to solve the circuit using the nodal analysis
method.

c) Solve the circuit using the equations obtained in a), and determine the difference of potentials
between points A and B, Vap.

d) Solve the circuit using the equations obtained in b), and determine the difference of potentials
between points A and B, Vap.

e) Do these potentials coincide independently of the method of analysis used to compute them?

N\ Lg, Data:
—/

E; =3V; Iy =6A
R,
A Ri=1Q; Ry=29Q
Eg] R3 =3 Q;
R, E—
R;
B
Figure 3
Result
Vap=-3V



PROBLEM 3.4

Given the circuit in Figure [}

a) Determine the system of equations that allows to solve the circuit using the mesh analysis
method.

b) Determine the system of equations that allows to solve the circuit using the nodal analysis
method.

c) Solve the circuit using the equations obtained in a), and determine the difference of potentials
between points B and A, Vp 4.

d) Solve the circuit using the equations obtained in b), and determine the difference of potentials
between points B and A, Vga.

e) Do these difference of potentials coincide independently of the method of analysis used to com-
pute them?

Data:
E,=2+2jV; I, =4jA
Z1 = j Zy=1+4+35Q
Z3=2—7jQ; a=2

Figure 4

Result
VBa=3jV



PROBLEM 3.5

Given the circuit in Figure [5

a) Determine the system of equations that allows to solve the circuit using the mesh analysis
method.

b) Determine the system of equations that allows to solve the circuit using the nodal analysis
method.

c) Solve the circuit using the equations obtained in a), and determine the difference of potentials
between points C and D, Vep.

d) Solve the circuit using the equations obtained in b), and determine the difference of potentials
between points C and D, Vp.

e) Do these difference of potentials coincide independently of the method of analysis used to com-
pute them?

g1 2 J ) g2 3]

Z, B L C Zy=—j Zy=10Q

4 | u Z3=1%, I, =7 A

A W e

x +
(")
D UEgZ
Figure 5
Result

Vep=2-23V



PROBLEM 3.6

Given the circuit in Figure [6Gf

a) Determine the system of equations that allows to solve the circuit using the mesh analysis
method.

b) Determine the system of equations that allows to solve the circuit using the nodal analysis
method.

c) Solve the circuit using the equations obtained in a), and determine the current i, (t).
d) Solve the circuit using the equations obtained in b), and determine the current i, ().

e) Do the expressions for i,(t) coincide independently of the method of analysis used to obtain
them?

e, () | Data:

eq(t) =cos(t—3) V
+ ego(t) =2cos (t) V
ig,(7) l) 6}) e, (1) eg(t)=cos(t+35)V
ig,(t) =2cos (t+ %) A

@ igy(t) = cos (t - %) A

Q)

e, (t
(1) Ri=1Q
Figure 6 Li=1H
a=21

Result -
iz (t) = 2cos <t - 5) A



PROBLEM 3.7

Given the circuit in Figure [T}

a) Determine the system of equations that allows to solve the circuit using the mesh analysis
method.

b) Determine the system of equations that allows to solve the circuit using the nodal analysis
method.

c) Solve the circuit using the equations obtained in a), and determine the voltage v, (¢).
d) Solve the circuit using the equations obtained in b), and determine the voltage v, (t).

e) Do the expressions for v, (t) coincide independently of the method of analysis used to obtain
them?

f) Compute the power of the source i4;(t)) and the power absorbed by L; and Rj.

+ ov.(t .
/\ (D) Data:

D
Q
=
—
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I
S
(@)
@]
n
—~
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|
B
~—
<

e, (t
.R] + r\l eg](t) +®g2() egQ(t):COS (t—{—%) V
N caplt) = cos (¢~ ) V
L, %RZ igy (t) = cos(t) A
C L2 Rl =1Q RQ =10
—— 1 —
l.g](t) Vx(t)' + Rg =10 Cl =1F
eg,(f) L,=1H Ly=1H
a =
Figure 7

Result



PROBLEM 3.8

Given the circuit in Figure [§

a) Determine the system of equations that allows to solve the circuit using the mesh analysis
method.

b) Determine the system of equations that allows to solve the circuit using the nodal analysis
method.

c) Solve the circuit using the equations obtained in a), and determine the difference of potentials
between points A and B, Vap.

d) Solve the circuit using the equations obtained in b), and determine the difference of potentials
between points A and B, Vap.

e) Do these difference of potentials coincide independently of the method of analysis used to com-
pute them?

f) Compute the power of the source 5V, and the power absorbed by the impedance Z.

Data:
Ey =2+2V;, E4,=-1V
191:2+jA§
Z1:2Q; 22:1+]Q
23:29, Z4:—2]Q
1 —1
’=3

Result
Vap=1V; Pgy, =



PROBLEM 3.9

Determine the Thevenin’s equivalent source from terminals A and B for the circuit in Figure [l

Z; Z, +-al ,
[ —
)

+
+ 131 Egz
21 Z2
I
B
Figure 9
Result
ETh:5+jV; ZTh:1+jQ

PROBLEM 3.10

Data:
Ey =4+3;V;, E4, =3V
I,, =1A;
Zp =18 Zo=1—-3590Q
Zy=1+7Q; Z4=1+3jQ
a=1Q

Determine the Thevenin’s equivalent source from terminals A and B for the circuit in Figure [I0

| - oA
+ I L
Egi gj
Zg] OC]x L Vx
+ ﬂVx
: B
Figure 10

Result
Erp=12-10V;, Zprp, =142

PROBLEM 3.11

Data:
Ep =10v2-e795V; I, =2-€7 A
Zgl =1+7

1

Determine the Norton’s equivalent source from terminals A and B for the circuit in Figure [Tl

+ —~al,

{ }—eo A
+
oW
2l Ly

Figure 11

Data:
Ey, =25V, I, =1A
lejQ; Z2:2—jQ
a=10Q



Result

Iy = 5“ A Zn=2-j0Q

PROBLEM 3.12

Determine the Thevenin’s equivalent source from terminals A and B for the circuit in Figure [[2]

I, 4 4
+ ~{ | Data:
E,, 1, Eg=3V; g =12 A;
Q I, Iy =1A 71 =)
Zy =38 Z3=2jQ
alx Z] Vl Z2 ﬁVx+ o — 1; 5 —9
N .
N B
Figure 12
Result

EThzgv; Zrn =7 0

PROBLEM 3.13

Determine the Norton’s equivalent source from terminals A and B for the circuit in Figure [I3l

L Vi Data:
AN 4
+ R, Eyp=2V; I, =2A
aV, Ri=1Q; Ry=1Q
. <D1g1 Zp=j7Q  a=2
’ Zo=—j
+
E,, C
o B
Figure 13
Result

IN=2-4jA; Zn=3jQ
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PROBLEM 3.14

For the circuit in Figure 14t
a) Determine the Norton’s equivalent source from terminals A and B towards the left.

b) Power absorbed by the load Ry.

Ix
e 1111
+ L
E,, R,
V)
W,

(1

ol
Figure 14
Data:
Ey =2V, Egp=1-3V I, =7A; Rp=3Q; Ri=Ry=R3=R4=1(
Zr =70 Zo=—-jQ a=2Q; =201
Result
4+25 .
a) Iy = 5J;A ZN:(?)—F])Q
1
b) PRL:§W

PROBLEM 3.15

For the circuit in Figure
a) Determine the Thevenin’s equivalent source from terminals A and B towards the left.

b) Power absorbed by the load Ry.

M L, Data:
. A ata:
T
L, + L1 =4mH; Lo =9mH;
R, § Cr\, e (1 % R, RL=159; R, =200
igl(t) k= 5
B igy (£) = 2 cos (5 10% — g) A
Figure 15 eg: (t) = 50 cos (5 103¢) V.
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Result

a) erp(t) =80 cos (5-10%) V;  Zpp, =455 Q

320
b) Fr, == W

PROBLEM 3.16
In the circuit shown in Figure [[6] there is a perfect coupling between the two inductors.
a) Determine the Thevenin’s equivalent source from terminals A and B towards the right.

b) Compute the power of the source eg, (t).

A L Data:
LIk
+ + -
— : 3 o .
egj(t) }_’ y egz([) €g1 (t) = 2\/§ Si <10 t+ 4> V;
L, eg,(t) = sin(103t) V;
Res Ry, Ry, =24 Ry, =14
B
Figure 16

Result

a) ern(t) = VZsin (1% +7) Vi Zrm=2+2jQ
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