
EXERCISES MODULE 4: THEOREMS OF LINEARITY AND

TRANSFORMERS.

De
ember 16, 2016

PROBLEM 4.1

For the 
ir
uit in Figure 1:

a) Obtain the value of 
urrent i(t).

b) Compute the power absorbed by resistor R.

Figure 1

Data:

eg1(t) =
√

2 sin

(

103t+
π

4

)

V; R = 1 kΩ

eg2(t) = cos
(

2 · 103t
)

V; C = 1 µF

Result

a) i(t) = sin

(

103t+
π

2

)

+
2
√

5
cos

(

2 · 103t+ 0, 464
)

mA.

b) PR =
9

10
mW
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PROBLEM 4.2

For the 
ir
uit in Figure 1:

a) Obtain the value of 
urrent i(t).

b) Compute the power absorbed by resistor R.

Figure 1

Data:

eg(t) = 5
√

2 sin

(

2 · 106t+
π

4

)

V; R = 1 kΩ

ig(t) = 5 
os

(

1

2
· 106 t

)

mA; L = 1 mH

Result

a) i(t) =
√

10 sin

(

2 · 106t+ 2, 82
)

+
√

5 cos

(

1

2
· 106t+ 1, 107

)

mA.

b) PR =
15

2
mW

PROBLEM 4.3

For the 
ir
uit in Figure 1:

a) Obtain the 
urrent ix(t).

b) Compute the power absorbed by resistor R.

Figure 1

Data:

ig(t) = 5
√

2 sin

(

2 · 103t+
π

4

)

mA; R = 2 kΩ

eg(t) =
√

2 sin

(

103 t−
π

4

)

V; C =
1

2
µF

Result

a) ix(t) =
√

10 sin

(

2 · 103t− 0.346
)

+
1

2
sin

(

103 t
)

mA.

b) PR =
41

4
mW
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PROBLEM 4.4

For the 
ir
uit in Figure 1:

a) Obtain the expression for 
urrent ix(t).

b) Compute the power of the sour
es αvx(t) and Eg3 , and the power absorbed by resistor R2.


) Determine the new value of 
urrent ix(t), if we substitute the sour
e eg1(t) for a di�erent sour
e

e′g1(t) = 2
√

2 
os

(

106 t+
π

4

)

V

Figure 1

Data:

R1 = 1 kΩ; R2 = 2 kΩ;

L1 = 1 mH; L2 = 3 mH

Eg2 = 3 V; Eg3 = 2 V

α = 2 mΩ−1; eg1(t) = 4
√

2 
os

(

106 t+
π

4

)

V.

Result

a) ix(t) = 1 + 4
√

2 
os

(

106t−
3π

4

)

mA.

b) PαVx
= 136 mW; PEg3

= −2 mW; PR2
= 34 mW


) i′x(t) = 1 + 2
√

2 
os

(

106t−
3π

4

)

mA.

PROBLEM 4.5

For the 
ir
uit in Figure 1:

a) Determine the expression of 
urrent i1(t).

b) Compute the power for the sour
es αix(t) and Eg, and the power absorbed by resistor R2.


) If we substitute the sour
e Eg for a novel sour
e E′
g = 6 V, obtain the new value of the power

absorbed by resistor R2.
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Figure 1

Data:

R1 = 1 kΩ; R2 = 2 kΩ;

L1 = 3 mH; L2 = 2 mH

Eg = 3 V; β = 2 mΩ−1

α = 1 kΩ; ig(t) = 2 sin

(

106 t
)

mA.

Result

a) i1(t) = 1 +
√

2 sin

(

106t−
π

4

)

mA.

b) PαIx = 5 mW; PEg
= 15 mW; PR2

= 4 mW


) P ′
R2

= 10 mW

PROBLEM 4.6

For the 
ir
uit in Figure 1:

a) Obtain the expression of 
urrent i1(t).

b) Determine the power of sour
es αvx(t), Eg2 and eg1(t), and the power absorbed by resistor R.

Verify the power balan
e prin
iple.


) If we substitute sour
e eg1(t) for a new sour
e e′g1(t) = 4 
os

(

106 t
)

V, obtain the new power

for the sour
e αvx(t).

Figure 1

Data:

R = 2 kΩ; α = 2 mΩ−1;

L1 = 2 mH; L2 = 1 mH; C = 1;nF

Eg2 = 5 V; eg1(t) = 8 
os

(

106 t
)

V.

Result
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a) i1(t) = 2 +
√

2 
os

(

106t+
π

4

)

mA.

b) PαVx
= −12 mW; PEg2

= 10 mW; Peg1 (t)
= 12 mW; PR1

= 10 mW


) P ′
αVx

= −4.5 mW

PROBLEM 4.7

For the 
ir
uit in Figure 1:

a) Determine the 
urrent i1(t).

b) Compute the power of the sour
e αvx(t), and the power absorbed by resistor R2.


) If we substitute sour
es ig(t), eg1(t) and eg2(t) for the following new sour
es:















i′g(t) = 2 
os

(

106 t+
π

2

)

mA;

e′g1(t) = 4 
os

(

106 t
)

V;

e′g2(t) = 2 
os

(

106 t
)

V

Obtain the new value of the power of the dependent sour
e αvx(t).

Figure 1

Data:

R1 = 1 kΩ; R2 =
1

2
kΩ

α = 1; L = 1 mH;

C = 2 nF; Eg3 = 2 V

Eg4 = 1 V; eg1(t) = 2 
os

(

106 t
)

V;

eg2(t) = 
os

(

106 t
)

V; ig(t) = 
os

(

106 t+
π

2

)

mA.

Result

a) i1(t) = 4 + 
os

(

106t+
π

2

)

mA.

b) PαVx
= 4.5 mW; PR2

= 8.25 mW


) P ′
αVx

= 6 mW

PROBLEM 4.8

For the 
ir
uit in Figure 1 obtain the power of sour
es eg(t) and i(t).
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a:1

RL

Perfect

L1 L2

eg(t) i(t)

Rg

Ideal

Figure 1

Data : eg(t) = 4 sin(ωt) V ; i(t) = 2 sin(ωt) A ; Rg = 2 Ω ; RL = 2 Ω

ωL1 =
1

4
Ω ; ωL2 = 1 Ω ; a = 2

Result

PEg
= 7

2 W (delivered); PI = −
1
4 W (absorbed).

PROBLEM 4.9

For the 
ir
uit in Figure 1, obtain the Thevenin's equivalent sour
e from terminals A and B.

Figure 1

Data : e (t) = 3 sen (t) V ; C = 4 F ; L1 = 4 H ; L2 = 1 H ; K = 0.5

Result

eTh(t) = 12 sin (t) V; ZTh = 11j Ω.

PROBLEM 4.10

For the 
ir
uit in Figure 1:

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

b) Detemirne the equivalent impedan
e (Zs) from terminals A−B towards the right .


) Obtain the power absorbed by resistor R.
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1:a

Perfect

M

A

B

eg(t)

Zg

L1

L2

L3 L4

R

C

Zs

Figure 1

Data:

eg(t) = 5 sin

(

103t
)

V; L1 = L2 = 2 mH; L3 = 1 mH; a =
√

10

Zg = (1− 2j) Ω; k12 =
1

2
; R = 1 Ω; C =

1

7
mF

Result

a) eTh(t) = 5 sin

(

103t+
π

2

)

V; ZTh = (1 + 2j) Ω.

b) Zs = (1− 2j) Ω.


) PR =
25

8
W

PROBLEM 4.11

For the 
ir
uit in Figure 1 we know that the 
oupling 
oe�
ient for Lp and Ls is kps =
1√
2
.

a) Compute the equivalent impedan
e of the 
ir
uit from terminals C −D towards the right.

b) Obtain the Thevenin's equivalent sour
e from terminals A−B towards the right.


) Determine the power absorbed by sour
es e(t) and i(t).

a:1

R

Perfect

e(t)

A

B

C

D
i(t)

L1 L2 Lp

rp rs

Ls ZL

Figure 1

Data:

e(t) = 4 cos(ωt) V; ωL1 = 2 Ω; ωL2 = 8 Ω; ωLp = ωLs = 2 Ω; ZL = −2j Ω

i(t) = 4 cos
(

ωt−
π

2

)

A; rp = 1 Ω; rs = 2 Ω; R = 2 Ω

Result
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a) ZCD = (2 + 2j) Ω.

b) eTh(t) = 16 · 
os(ωt) V, ZTh = 2j Ω.


) PE = −6 W, PI = 40 W.

PROBLEM 4.12

Obtain the Thevenin's equivalent sour
e (eTh(t), ZTh) from terminals A− B for the 
ir
uit shown

in Figure 1.

Perfect

L1 L2

L3 L4
�1(t)

A

B

M12

e2(t)

ZL

Figure 1

Data:

i(t) = sin

(

106t
)

A; e(t) = 2 sin

(

106t
)

V; L1 = 1 µH; L2 = 4 µH

L3 = 4 µH; L4 = 1 µH; k12 =
1

2
; ZL = 100 Ω

Result

eTh(t) = 5 sin

(

106t+ 2.4981
)

V; ZTh = 3j Ω.

PROBLEM 4.13

For the 
ir
uit shown in Figure 1:

a) Determine the equivalent impedan
e from terminals AB towards the right, ZAB .

b) Obtain the time-domain expression for the 
urrent passing through resistor R2, i(t).

a:1

Perfect

A

B

eg(t)

Zg
R2

ZAB

I����

�(t)

R1 L1

L2

+

Figure 1

Data:
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eg(t) = 12 
os

(

103t
)

V; Zg = 9 + 9j Ω; L1 =
9

2
mH; L2 =

1

2
mH

a = 2 R1 = 9 Ω; R2 = 1 Ω

Result

a) ZAB = 9(1 + j) Ω.

b) i(t) = 
os

(

103t
)

A

PROBLEM 4.14

For the 
ir
uit shown in Figure 1, obtain the power of the sour
e eg(t).

1:a

Perfect

A

B

eg(t)

Z1

���	


�(t)

L1

L2

�

Figure 1

Data:

eg(t) = 12 
os

(

106t
)

V; Z1 = 6(1− 2j) Ω; C = 7 µF; L1 = 3 µH;

L2 =
1

3
µH; a = 2; k = 4 Ω; R = 9 Ω.

Result

PEg
= 3 W
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