EXERCISES MODULE 4: THEOREMS OF LINEARITY AND
TRANSFORMERS.

December 16, 2016

PROBLEM 4.1

For the circuit in Figure [Tk
a) Obtain the value of current i(t).

b) Compute the power absorbed by resistor R.

R i(?) Data:
+ eq, (t) = V2 sin (103t + %) V; R=1kQ
egl(t) egz(t) ego(t) = cos (2-10%t) V; C=1uF
N *
| e
Figure 1

Result

2
a) i(t) = sin (103t + g) +— cos (2 10% + 0,464) mA.
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PROBLEM 4.2

For the circuit in Figure Ik
a) Obtain the value of current i(t).

b) Compute the power absorbed by resistor R.

Data:
R

¢4(t) = 52 sin (2 105t + %) V; R=1kQ
lg(t) <> + l(t) L ig(t) =5 cos <% 106 t> mA; L =1mH

el(t)

Figure 1
Result

1
a) i(t) = v/10 sin (2 - 105¢ + 2,82) + /5 cos (5 -10% + 1, 107) mA.

1
b) PR:;mW

PROBLEM 4.3

For the circuit in Figure [Ik
a) Obtain the current i,(t).

b) Compute the power absorbed by resistor R.

e ix(f) Data:

7 = in(2-103 il mA; =
o) B gx Mt
€g(f) eq(t) = V2 sin <1O t— Z) V; C = 3 uF

Figure 1

Result

a) iy (t) = V10 sin (2 - 103 — 0.346) + % sin (10° ¢) mA.
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PROBLEM 4.4

For the circuit in Figure Ik

a) Obtain the expression for current i,(t).

b) Compute the power of the sources av,(t) and Ey,, and the power absorbed by resistor Ry.

c) Determine the new value of current i, (t), if we substitute the source ey, (t) for a different source

el (t) = 2v/2 cos <1O6 t+ %) Vv

g1

i(f) L. L,
Ees v, (0) | Ee
eg (1

i T

20

Data: Figure 1
Ry =1k, Ry = 2 kQ,;
Li =1mH,; Lo =3mH
E,, =3 V; E,, =2V
a=2mQ" Y e, (t) =4V/2 cos <1O6 t+ %) V.
Result

a) iz (t) = 14 4v/2 cos <106t - %) mA.

b) Pan =136 mW; PE93 =-2 I’IlW; ]DR2 =34 mW
i’ 6 3
c) i'(t) =1+ 2v2 cos | 105 — T mA.

PROBLEM 4.5

For the circuit in Figure [Tk
a) Determine the expression of current i1 (t).
b) Compute the power for the sources aiy(t) and E,, and the power absorbed by resistor Rs.

c) If we substitute the source E; for a novel source E; = 6 V, obtain the new value of the power
absorbed by resistor Rs.



i](t) Data:

E Rlzle; R2:2kQ;
L, —L L, = 3mH: Ly =2mH

a=1kQ; ig(t) =2sin (10° ¢) mA.

_ . _ -1
),b’vx(t) E,=3V; | B =2m0

aix(r)+ Ré (
L,

Result

a) i1(t) = 1+v2sin (10 = 7) mA.
b) Puy, =5mW; Pp, =15mW; Pp, =4mW
c) Pp, =10 mW

PROBLEM 4.6

For the circuit in Figure [Tk
a) Obtain the expression of current ().

b) Determine the power of sources awv,(t), Eg, and eg4, (t), and the power absorbed by resistor R.
Verify the power balance principle.

c) If we substitute source eg, (t) for a new source ey, () = 4 cos (106 t) V, obtain the new power
for the source avwy(t).

R /\avx(z‘) Data:

I\/\N 1 U R =2k, a=2mO
¢ Li =2 mH; Lo =1 mH; C =1;nF

L (7) * L

| 2 Vi . (! T By, =5V; ey(t)=8cos(10°¢) V.

i,(2) ||

1
| E.,
Figure 1
Result



a) i1(t) = 2+ /2 cos (106t + %) mA.
b) Py, =—-12mW; Pg, =10mW; F, 4 =12mW; Pg, =10 mW

c) Py, =—45mW

PROBLEM 4.7

For the circuit in Figure [Tk

a) Determine the current 4 (t).

b) Compute the power of the source aw,(t), and the power absorbed by resistor Rs.

c) If we substitute sources i4(t), eq4, (t) and egy, (t) for the following new sources:
iy(t) = 2 cos (10° ¢+ ) mA;

t) =4 cos (10° t) V;
t)=2cos (10°¢) V

Obtain the new value of the power of the dependent source awv,(t).

CI | hegl(t)

Data:

[\ Ry = 1kO; RQZ%kQ
|Eg4 a=1; L =1mH;
+ I| C = 2nF; Ey =2V
Eg3 E, =1V; t) =2 10%¢) V;
51 av (1) R, g0 =1V; eg (t) =2 cos ( 7T) ;
+ ego () = cos (109 t) V; ig(t) = cos (106 t+ 5) mA.
RS v B eg (1)
e~
a .
i () i (1)
Figure 1
Result

a) i1(t) =4 + cos (106t + g) mA.
b) Pay, = 4.5mW; Pp, = 8.25 mW

c) Py, =6mW

PROBLEM 4.8

For the circuit in Figure [[l obtain the power of sources e4(t) and i(t).



+
eg(l) i(t) S ¢

T) L, L2 % RL

Rg
Ideal Perfect
Figure 1
Data : eg(t) =4sin(wt) V. ; i(t) =2sin(wt) A ; Ry=2Q ; R, =2Q
leziQ ; wlho =18 ; a=2

Result

Pg, =2 W (delivered); Py = —1 W (absorbed).

g9

PROBLEM 4.9

For the circuit in Figure [, obtain the Thevenin’s equivalent source from terminals A and B.

A4 2:1

Result

erp(t) =12sin(t) V;  Zpp = 115 Q.

PROBLEM 4.10

For the circuit in Figure [Tk
a) Obtain the Thevenin’s equivalent source from terminals A — B towards the left.
b) Detemirne the equivalent impedance (Zs) from terminals A — B towards the right .

c) Obtain the power absorbed by resistor R.



7 | B Perfect

Figure 1
Data:
eq(t) = 5 sin (103t) V; Li=Ly=2mH; Lz3=1mH; a=+10
1 1
Zg = (1-27) k12:§; R=1Q; C:?mF
Result

o) ern(t) =5 sin (10% + g) V; Zrp = (1+25) Q.
b) Zs = (1—2j) Q.

25
C) PR:§W

PROBLEM 4.11

For the circuit in Figure [l we know that the coupling coefficient for L, and L, is k,s = %

a) Compute the equivalent impedance of the circuit from terminals C' — D towards the right.
b) Obtain the Thevenin’s equivalent source from terminals A — B towards the right.

c¢) Determine the power absorbed by sources e(t) and i(t).

A a:l p
C AMAM
+
e(t) (d (]
L; L, Ly
R L]
B Perfect ;(7) D
Figure 1
Data:
e(t) =4 cos(wt) V; wlh1 =28Q; wly=8Q; wlL,=wl,=2Q; Z;=-2jQ

i(t):4cos(wt—g> A =10 re=20; R=2Q
Result



a) Zcp = (2+27) .
b) ern(t) =16 - cos(wt) V, Zp, = 25 Q.

C) PE:—6W,P[=40W.

PROBLEM 4.12

Obtain the Thevenin’s equivalent source (ery(t), Zrp) from terminals A — B for the circuit shown
in Figure Il

Z
B Perfect
Figure 1
Data:
i(t) = sin (10°) A; e(t) =2sin (10%) V; Ly =1pH; Ly =4 pH
1
Ls =4 pH; Ly=1 uH; k12:§; Zr, =100
Result

erp(t) =5 sin (109 + 2.4981) V;  Zp;, = 3j (.

PROBLEM 4.13

For the circuit shown in Figure [
a) Determine the equivalent impedance from terminals AB towards the right, Zap.

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

N .A a:l
e X ¢
Zg
e
IB Ideal
ZAB
Figure 1

Data:



9 1
eg(t) =12 cos (10%t) V; Zy =949 Q; Ly = 3 mH; Ly = 3 mH

a=2 R =94, Ry=10Q
Result

a) Zap=9(1+7) Q.
b) i(t) = cos (10%) A

PROBLEM 4.14

For the circuit shown in Figure [T obtain the power of the source e4(t).

<

£ LS .
%L, _ ki(t)

4 10 .

I

_|

Perfect
Figure 1
Data:
eg(t) =12 cos (10%) V; Z; =6(1—2§) Q; C=7puF; Ly =3 puH;
1
L2:§MH; a=2; k=4; R=9QQ.

Result

P, =3 W

g



