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ANALYSIS. THEVENIN's AND NORTON's EQUIVALENT
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November 22, 2016

PROBLEM 3.1

Given the 
ir
uit of Figure 1:

a) Determine the equations that allow to solve the 
ir
uit using the mesh analysis method.

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

Figure 1

PROBLEM 3.2

Given the 
ir
uit in Figure 2:

a) Determine the system of equations that allows to solve the 
ir
uit using the mesh analysis

method.

b) Determine the system of equations that allows to solve the 
ir
uit using the nodal analysis

method.


) Solve the 
ir
uit using the equations obtained in a), and determine the potential of points A, B

and C (VA, VB , VC).
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d) Solve the 
ir
uit using the equations obtained in b), and determine the potential of points A, B

and C (VA, VB , VC).

e) Do these potentials 
oin
ide independently of the method of analysis used to 
ompute them?

Figure 2

Data:

Eg1 = 1 V; Eg2 = 1 V

R1 = 1 Ω; R2 = 1 Ω

R3 = 1 Ω; R4 = 2 Ω

C1 = 1 µF; L1 = 1 mF

Result

VA = 0 V, VB = 0 V, VC = 1 V
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PROBLEM 3.3

Given the 
ir
uit in Figure 3:

a) Determine the system of equations that allows to solve the 
ir
uit using the mesh analysis

method.

b) Determine the system of equations that allows to solve the 
ir
uit using the nodal analysis

method.


) Solve the 
ir
uit using the equations obtained in a), and determine the di�eren
e of potentials

between points A and B, VAB .

d) Solve the 
ir
uit using the equations obtained in b), and determine the di�eren
e of potentials

between points A and B, VAB .

e) Do these potentials 
oin
ide independently of the method of analysis used to 
ompute them?

Figure 3

Data:

Eg1 = 3 V; Ig1 = 6 A

R1 = 1 Ω; R2 = 2 Ω

R3 = 3 Ω;

Result

VAB = −3 V
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PROBLEM 3.4

Given the 
ir
uit in Figure 4:

a) Determine the system of equations that allows to solve the 
ir
uit using the mesh analysis

method.

b) Determine the system of equations that allows to solve the 
ir
uit using the nodal analysis

method.


) Solve the 
ir
uit using the equations obtained in a), and determine the di�eren
e of potentials

between points B and A, VBA.

d) Solve the 
ir
uit using the equations obtained in b), and determine the di�eren
e of potentials

between points B and A, VBA.

e) Do these di�eren
e of potentials 
oin
ide independently of the method of analysis used to 
om-

pute them?

Figure 4

Data:

Eg1 = 2 + 2j V; Ig1 = 4j A

Z1 = j Ω; Z2 = 1 + j Ω

Z3 = 2− j Ω; α = 2

Result

VBA = 3j V
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PROBLEM 3.5

Given the 
ir
uit in Figure 5:

a) Determine the system of equations that allows to solve the 
ir
uit using the mesh analysis

method.

b) Determine the system of equations that allows to solve the 
ir
uit using the nodal analysis

method.


) Solve the 
ir
uit using the equations obtained in a), and determine the di�eren
e of potentials

between points C and D, VCD.

d) Solve the 
ir
uit using the equations obtained in b), and determine the di�eren
e of potentials

between points C and D, VCD.

e) Do these di�eren
e of potentials 
oin
ide independently of the method of analysis used to 
om-

pute them?

Figure 5

Data:

Eg1 = 2 + j V; Eg2 = 1− 3j V

Z1 = −j Ω; Z2 = 1 Ω

Z3 = 1 Ω; Ig1 = j A

α = 1;

Result

VCD = 2− 2j V
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PROBLEM 3.6

Given the 
ir
uit in Figure 6:

a) Determine the system of equations that allows to solve the 
ir
uit using the mesh analysis

method.

b) Determine the system of equations that allows to solve the 
ir
uit using the nodal analysis

method.


) Solve the 
ir
uit using the equations obtained in a), and determine the 
urrent ix(t).

d) Solve the 
ir
uit using the equations obtained in b), and determine the 
urrent ix(t).

e) Do the expressions for ix(t) 
oin
ide independently of the method of analysis used to obtain

them?

R1

ig1(t)

L1

+

+

+

+

�ix(t)

eg3(t)

eg2(t)

eg1(t)ig2(t)

ix(t)

Figure 6

Data:

eg1(t) = cos
(

t− π
2

)

V

eg2(t) = 2 cos (t) V

eg3(t) = cos
(

t+ π
2

)

V

ig1(t) = 2 cos
(

t+ π
2

)

A

ig2(t) = cos
(

t− π
2

)

A

R1 = 1 Ω

L1 = 1 H

α = 2 Ω

Result

ix(t) = 2 cos
(

t−
π

2

)

A
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PROBLEM 3.7

Given the 
ir
uit in Figure 7:

a) Determine the system of equations that allows to solve the 
ir
uit using the mesh analysis

method.

b) Determine the system of equations that allows to solve the 
ir
uit using the nodal analysis

method.


) Solve the 
ir
uit using the equations obtained in a), and determine the voltage vx(t).

d) Solve the 
ir
uit using the equations obtained in b), and determine the voltage vx(t).

e) Do the expressions for vx(t) 
oin
ide independently of the method of analysis used to obtain

them?

f) Compute the power of the sour
e ig1(t)) and the power absorbed by L1 and R2.

Figure 7

Data:

eg1(t) =
√

2 cos
(

t− π
4

)

V

eg2(t) = cos
(

t+ π
2

)

V

eg3(t) = cos
(

t− π
2

)

V

ig1(t) = cos (t) A

R1 = 1 Ω R2 = 1 Ω

R3 = 1 Ω C1 = 1 F

L1 = 1 H L2 = 1 H

α = 1

Result

vx(t) =
1
√

2
cos

(

t−
π

4

)

V; PIg1
=

3

4
W; PZL1

= 0 W; PR2
=

1

4
W
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PROBLEM 3.8

Given the 
ir
uit in Figure 8:

a) Determine the system of equations that allows to solve the 
ir
uit using the mesh analysis

method.

b) Determine the system of equations that allows to solve the 
ir
uit using the nodal analysis

method.


) Solve the 
ir
uit using the equations obtained in a), and determine the di�eren
e of potentials

between points A and B, VAB .

d) Solve the 
ir
uit using the equations obtained in b), and determine the di�eren
e of potentials

between points A and B, VAB .

e) Do these di�eren
e of potentials 
oin
ide independently of the method of analysis used to 
om-

pute them?

f) Compute the power of the sour
e βVx and the power absorbed by the impedan
e Z1.

Figure 8

Data:

Eg1 = 2 + 2j V; Eg2 = −1 V

Ig1 = 2 + j A;

Z1 = 2 Ω; Z2 = 1 + j Ω

Z3 = 2 Ω; Z4 = −2j Ω

β =
1

2
Ω−1

Result

VAB = 1 V; PβVx
=

17

8
W; PZ1

=
1

4
W.
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PROBLEM 3.9

Determine the Thevenin's equivalent sour
e from terminals A and B for the 
ir
uit in Figure 9.

Figure 9

Data:

Eg1 = 4 + 3j V; Eg2 = 3 V

Ig1 = 1 A;

Z1 = 1 Ω; Z2 = 1− j Ω

Z3 = 1 + j Ω; Z4 = 1 + j Ω

α = 1 Ω

Result

ETh = 5 + j V ; ZTh = 1 + j Ω

PROBLEM 3.10

Determine the Thevenin's equivalent sour
e from terminals A and B for the 
ir
uit in Figure 10.

Figure 10

Data:

Eg1 = 10
√

2 · e−j π
4
V; Ig1 =

√

2 · ej
π
4
A

Zg1 = 1 + j Ω; ZL = j Ω

α =
1

2
; β = 2

Result

ETh = 12− 10j V; ZTh = 1 + 2j Ω

PROBLEM 3.11

Determine the Norton's equivalent sour
e from terminals A and B for the 
ir
uit in Figure 11.

Figure 11

Data:

Eg1 = 2j V; Ig1 = 1 A

Z1 = j Ω; Z2 = 2− j Ω

α = 1 Ω
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Result

IN =
−3 + j

5
A; ZN = 2− j Ω

PROBLEM 3.12

Determine the Thevenin's equivalent sour
e from terminals A and B for the 
ir
uit in Figure 12.

Figure 12

Data:

Eg1 = j V; Ig1 = 2 A;

Ig2 = 1 A Z1 =
1

2
j Ω;

Z2 = j Ω; Z3 = 2j Ω

α = 1; β = 2

Result

ETh =
j

2
V; ZTh = j Ω

PROBLEM 3.13

Determine the Norton's equivalent sour
e from terminals A and B for the 
ir
uit in Figure 13.

Figure 13

Data:

Eg1 = 2 V; Ig1 = 2 A

R1 = 1 Ω; R2 = 1 Ω

ZL = j Ω; α = 2

ZC = −j Ω;

Result

IN = 2− 4j A; ZN = j Ω
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PROBLEM 3.14

For the 
ir
uit in Figure 14:

a) Determine the Norton's equivalent sour
e from terminals A and B towards the left.

b) Power absorbed by the load RL.

Figure 14

Data:

Eg1 = 2 V; Eg2 = 1− j V Ig1 = j A; RL = 3 Ω; R1 = R2 = R3 = R4 = 1 Ω;

ZL = j Ω; ZC = −j Ω; α = 2 Ω; β = 2 Ω−1

Result

a) IN =
4 + 2j

5
; A ZN = (3 + j) Ω.

b) PRL
=

1

3
W

PROBLEM 3.15

For the 
ir
uit in Figure 15:

a) Determine the Thevenin's equivalent sour
e from terminals A and B towards the left.

b) Power absorbed by the load RL.

Figure 15

Data:

L1 = 4 mH; L2 = 9 mH;

RL = 45 Ω; Rg = 200 Ω;

k =
1

2

ig1(t) = 2 cos
(

5 · 103t−
π

2

)

A;

eg1(t) = 50 cos
(

5 · 103t
)

V.
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Result

a) eTh(t) = 80 cos
(

5 · 103t
)

V; ZTh = 45j Ω

b) PRL
=

320

9
W

PROBLEM 3.16

In the 
ir
uit shown in Figure 16 there is a perfe
t 
oupling between the two indu
tors.

a) Determine the Thevenin's equivalent sour
e from terminals A and B towards the right.

b) Compute the power of the sour
e eg1(t).

Figure 16

Data:

eg1(t) = 2
√

2 sin

(

103t+
π

4

)

V;

eg2(t) = sin(103t) V;

Rg1 = 2 Ω; Rg2 = 1 Ω;

L1 = L2 = 1 mH; k = 1

Result

a) eTH(t) =
√

2 sin

(

103t+
π

4

)

V; ZTH = 2 + 2j Ω

b) PEg1
=

4

10
W
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