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Chapter 1

Resistive networks

Exercise 1

In the circuit of Fig. 1.1, calculate the power P4 supplied by the current
generator A and the power absorbed by the resistor R3.

Data

Only symbolic calculations are required.

Ry R
AN
OIS OF
’

Figure 1.1: Circuit for Exercise 1.
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CHAPTER 1. RESISTIVE NETWORKS 4

i(t) Q“-(”

Figure 1.3: Circuit for Exercise 3.

Solution
Ry + Ry e(t) Rs3
S o N
i(t) R1+R2+R3al() Ri+Ry+R;3 Ri+Ra+Rs

ag(t)
Exercise 4
In the circuit of Fig. 1.4, calculate the voltage v(t) applying superposition.

Data

Only symbolic calculations are required.

[
S+
ea(t)
3R Rs3 [v(®)
e3(t)
< R
I ™ e B
()61 (t) Ry
e a(t)

Figure 1.4: Circuit for Exercise 4.
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CHAPTER 1. RESISTIVE NETWORKS 6
R A\
LA e v
e1(t)
1 ( {.) R.g;
az(t)
«— Ro
AAA

es(t)
N
/
Figure 1.6: Circuit for Exercise 6.
Solution
. R; Ri + Rs ei(t) ea(t)
t) = t)— )+ +
i(t) R1+R3+R5ul( ) R1+R3+R5a2( ) Ry+R3+Rs R;i+ R3+ Rs

Exercise 7

In the circuit of Fig. 1.8, calculate the voltage v;(t) across the resistor R;
and the power supplied by the current generator A.

Data

Only symbolic calculations are required.

R2 R;]
A A
+
<
a(t)Te'u; ()| 3R, 3Rs ()ez(t)
e1(t)
£\
Figure 1.7: Circuit for Exercise 7
Solution
(t) = Rull(Ra + Rall Re)a(t) + e e1()
v =
! HIRT T sl Ri+ Ry + Rs[[Ry

(R1+ Ro)||R3 . ea(t)
(Ri+ Ro)||[R3+ Ry Ri1+ Ry

pa(t) = vi(t)a(?)
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CHAPTER 1. RESISTIVE NETWORKS 8

Solution

Ry = R3 + (R1||R2)

. R{||Ry
t) = (
in(t) RillRs +R3f’«(t) +

Ro|[Rs  e(t)
Ry —l—Rz“Rg R3

Exercise 10

For the circuit in Fig. 1.10, calculate

1. the Thévenin equivalent circuit of the two terminal component en-
closed in the dashed box at A — B terminals;

2. the current through the resistor Rs.

Data

Only symbolic calculations are required.

| |

| 1

1 ]

1 1

1 |

| { < <
E E. ef R R,

: 1 ()z ln t 54 5’5

[

! !

I T

1 1

| |

Figure 1.10: Circuit for Exercise 10

Solution
Rtu=R3
Vru = B2 — Rsly
1 R4||R5
L 4| -

= — X —
Rs  R4||Rs + Rtn

Exercise 11

For the circuit in Fig. 1.11, calculate

1. the Thévenin equivalent circuit of the two terminal component en-
closed in the dashed box at 1 — 3 terminals;
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Data

Only symbolic calculations are required.
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10

&

=
£,

R R.
1 A of 13
/
Figure 1.12: Circuit for Exercise 12
Solution
Rrp=Ri1+ Ry
Vg = Viz = —A1R1 + A2Ry
Ey — Vrn
P =E
& 4R4 + Rru
Gi+Gy O -Gy o1 —A;1 + G4E,
0 Gs 0 w2 | = | A1+ Ax+ GsEs
-Gy 0 Ga+Gy ©3 —As — G4Ey
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CHAPTER 4. SINGLE TIME CONSTANT TRANSIENTS 21

Exercise 27

In the circuit of Fig. 4.2, the switch T is initially open and the circuit is in
steady state condition. At ¢t = ty the switch is closed and the re-opened at
t = t1. Calculate:

1. the analytic expression of the voltage vo(t) when ¢y < t < #; and
qualitatively plot it;

2. the energy absorbed by the resistor R3 when ¢ > t;.

Data
E=6V, R =100 Q, Ry =300 Q, Rz = 200 Q, C = 100 uF, o = 0 ms,
t1 = 15 ms.
Iy
e
+
EC) Ry B,Rs = C |vc(t)
Figure 4.2: Circuit for Exercise 27
Solution

volt) = 3.27 (1 - e—mﬂoﬁ) v
W, = 0.460 mJ

Exercise 28

In the circuit of Fig. 4.3, the switch T is initially open and the circuit is in
steady state condition. At ¢ = ¢y the switch is closed and the re-opened at
t = t;. Calculate:

1. the analytic expression of the voltage vc(t) when t9 < t < #; and
qualitatively plot it;

2. the energy absorbed by the resistors Re and R3 when ¢ > 1.
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CHAPTER 4. SINGLE TIME CONSTANT TRANSIENTS 25

Exercise 33

In the circuit of Fig. 4.8, the switches T} e Ty are initially open. The switch
T closes at t = 0, while T» closes at t = to. Calculate:

1. the charging and discharging time constants of the inductor;
2. the value of the current through the inductor when t = ¢y;
3. the analytic expression of the current through the inductor when t < 0,
0<t<tpandt >ty
Data
E=10V,R =109, Ry =30, R3 =209, L =250 mH, ty = 3 ms.

R L
AV e 5
T

+

EC) T, / 3R, 2Ry

Figure 4.8: Circuit for Exercise 33
Solution

71 = 1.82 ms
To = 2.5 ms
ir(to) = 218 mA

0A when t < 0s
ip(t) =< 270 (1 — 671-52;107‘{) mA when 0s <t <t

o
218e 25x1073 mA when 0 st > ¢

Exercise 34

In the circuit of Fig. 4.9, the switches Ty e Ty are initially open. The switch
T closes at t = 0, while T closes at t = t5. Calculate:

1. the charging and discharging time constants of the inductor;
2. the value of the voltage across the capacitor when ¢ = tg;

3. the analytic expression of the voltage across the capacitor when t < 0,
0<t<tgandt >ty
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CHAPTER 4. SINGLE TIME CONSTANT TRANSIENTS 27
Solution
W, =0.1117

it
in(t) = 20 — 13.33¢” 1x107% A

t
vL(t) = 66.66¢ 1103 V

In the circuit of Fig. 4.11 the switch 7' is open and the circuit is in steady
state. At t =1, the switch is closed and then re-opened at t = ¢;. Calculate
the analytic expression of the current iy (t) when tq < t < t; and plot it on
a graph. Calculate the energy absorbed by the resistor Rz when ¢ > ¢;.

Data
E=10V,Ri=1Q,Ry=30,R3=2Q,L=100mH, tg =0s, t; = 0.3 s.

Ry
AWy o~

T Lo
N ir(t)

(D 3R, 3Ry BL

Figure 4.11: Circuit for Exercise 36
Solution

in(t) = 10 (1 - e_m) A
Wr, =3.24

Exercise 37

In the circuit of Fig. 4.12, the switch T is initially open. At t = ¢y the switch
is closed when the initial current in the inductor is Iy. Calculate:

1. the initial energy Wy stored in the inductor;

2. the analytic expression of the current i1 (t) when t > ¢ and qualita-
tively plot it;

3. the maximum energy Wi, stored in the inductor;

4. the current ig, through the resistor Ry when t < ¢y and ¢ > ¢,.
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3

Chapter 5

Sinusoidal steady state

Exercise 38

In the circuit of Fig. 5.1, calculate the power absorbed by the resistor Ry.

Data
R =2Q R =50,X,=2Q Xe=-3Q,E, =3V,E,=7V,
A=—-j2A.
Xc
li—
3m BX,
E
B 3.1?2 (4)-_2
() 6l
Figure 5.1: Circuit for Exercise 38
Solution
Pr, =4.014 W

Exercise 39

In the circuit of Fig. 5.2, calculate the reactive power absorbed by the in-
ductor of reactance Xr,,.

29
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CHAPTER 5. SINUSOIDAL STEADY STATE 31

Exercise 41

In the circuit of Fig. 5.4 calculate and draw the Thévenin equivalent circuit

é at the terminals A — B.
Data
Only symbolic calculations are required.
XL
LB
+
% D=
Ry A
AW 0O
+
aD Ol =i
T B
l—o

Figure 5.4: Circuit for Exercise 41

Solution

Zrr =jXc| [R1 + (RalliXL)]

Voo iXcR1 + iXc E
—TH™ "Ry +iXc+ ReliX1™ ' jXc + B+ RafliX, ™"
iXcRo

- X - - E
Ry + Ri+jXc X1+ Ro||(Ri +iXc) 2

Exercise 42

In the circuit of Fig. 5.5 calculate and draw the Thévenin equivalent circuit
at the terminals A — B.

Data

Only symbolic calculations are required.
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CHAPTER 5. SINUSOIDAL STEADY STATE 33

Solution

Zoq = Ry + X, [R2 +§ (X1, + X1,)]

E ) .
_Z; x [ Xe, || {Re +§ (X1, + X1,)]]

€q
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CHAPTER 7. POWER BALANCE IN SINGLE PHASE AC CIRCUITS38

In the circuit of Fig. 7.2, calculate:

1. the capacitor C; to be connected at terminals A— B to obtain a power
factor of 0.9;

2. the magnitude of the current I (with Cj inserted);

3. the capacitor C3 to be connected at terminals M — N to obtain a power
factor of 0.9 (with Cj inserted).

Data
P, =10 kW, cospy = 0.5, V; =380 V, Z;, = 1 +35 Q, f = 50 Hz.

|41 1, cos

N B
o

Figure 7.2: Circuit for Exercise 49

Cl = 275 [LF
I1=2924A
Cy =523 uF

Exercise 50

In the single-phase system of Fig. 7.3, calculate:
1. the magnitude of the current I4;
2. the magnitude of the current Ip;
3. the current at the beginning of the line I;

4. the voltage at the beginning of the line V.
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CHAPTER 7. POWER BALANCE IN SINGLE PHASE AC CIRCUITS40

Re L¢ 1
o ANA eI A

1% Va Pa Qa

Ip

RB LB

Figure 7.4: Circuit for Exercise 51

I4=418 A

Ip =259 A
I=492A
V =22287V

Exercise 52

In the single-phase system of Fig. 7.5, calculate:
1. the magnitude of the current Is;
2. the magnitude of the current I4;
3. the voltage at the beginning of the line Vi;

4. the current at the beginning of the line Iy.

Data

Z, = 14§19, Vs =600V, P; =7kW, Qs = 5 kvar, Pa = 5 kW,
cospa = 0.707 (inductive).
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CHAPTER 7. POWER BALANCE IN SINGLE PHASE AC CIRCUITS42

Figure 7.6: Circuit for Exercise 53

I, =138.37 A
P, = 48.086 kW
Qo = 21.787 kvar
Vo =381.52V

Exercise 54

In the single phase system of Fig. 7.7, calculate:
1. the magnitude of the current I4;
2. the real power Ps;
3. the magnitude of the current Ig;

4. the power factor cos 3.

Data
PL=10kW, Vi =400V, I, = 35 A, Z;, = 0.25 +j0.3 Q, P4 = 5 kW,
Q4 = 3 kvar.
L 4 Iy
141 P3, cos 3
o
IA r
PAa QA
Figure 7.7: Circuit for Exercise 54

Solution

I,=151A

I3 =206 A

P; =4.694 kW

cos w3 = 0.59
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4

Chapter 8

Three phase systems

Exercise 56

In the three phase system of Fig. 8.1, calculate:
1. the magnitude of the line voltage V3;
2. the magnitude of the current Is;

3. the magnitude of the current I5.

Data
Py =25kW, Q; =15kvar, [; =30 A, Ry =2 Q, L, = 10 mH, f = 60 Hz.
I3 I,

Vs I

Q—0

Plv Ql

Figure 8.1: Circuit for Exercise 56

44
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CHAPTER 8. THREE PHASE SYSTEMS 46

Exercise 58
In the three phase system of Fig. 8.3, calculate:
1. the magnitude of current in the load 1;
2. the supply voltage Vip;
3. the magnitude of current in the load 2;
4. the supply current Iiy;

Using the value of Vi, calculate the current I35 when the load 1 is replaced
by a short circuit.

Data
Vi =400 V, P, = 30 kW, cosp, = 0.6, Z; = 0.1 +j0.2 Q, P, = 10 kW,
Q2 = 20 kvar.
Iin ﬂ 5
] E
o 3 load 1
o i—3
I
load 2
Figure 8.3: Circuit for Exercise 58
Solution
I, =722A
Vin = 427,35V
I, =30,22 A
Im=102,1 A

Lise = 1,103 kA
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CHAPTER 8. THREE PHASE SYSTEMS 48
Zr
o— —
vI [Vl
o —— 7
o—— —
Py, Qo

Figure 8.5: Circuit for Exercise 60

Solution

V =396.97V
cosp = 0.651

Exercise 61

In the symmetric and balanced three phase system of Fig. 8.6, calculate:
1. the magnitude of the current I4;
2. the magnitude of the current Ip;

3. the voltage at the line input terminals V.

Data

Ry =500, Cq =637 uF, V4 =400V, Pg =1 kW, cospp = 0.8,
Rc=1Q, Lc =3.18 mH, f =50 Hz
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CHAPTER 8. THREE PHASE SYSTEMS 50
R L¢ T4
O——AMM——— 0
IV rVA
O———AAA T Pa, Qa
O—AMW I
Ip
T 3 3m
e B B

Figure 8.7: Circuit for Exercise 62

Solution
I4=3.246 A
Ig =1.796 A
V =4044V

Exercise 63

In the symmetric and balanced three phase system of Fig. 8.8:
1. draw the equivalent single-phase system;
2. calculate the three line currents absorbed by the three-phase load Z;
3. calculate the three line currents supplied by the voltage generators;

4. the total real power through the section (D).

Data

E; =230V, E; = 230£-120° V, Ey = 2304+120° V, Z11 = j2 Q, Z15 =
150, Z4=20+j20Q, Zg =75 + j60 Q.
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CHAPTER 8. THREE PHASE SYSTEMS 52
E, ] ; .
! Z11 212 Zp
T 3 C — [
/]
I
E, ! .
N Zn 21z Zs
1
E; ! :
A+ 2w Z12 Zz,
@ .
Z4 Z A
—
Za
3

Figure 8.9: Circuit for Exercise 64

Solution

Iig=585/—-4912° A, I,4=585/—169.12° A, I3s =585/70.88° A
I, =1341/4—-43° A, 1,=13414-163° A, I3=1341/77° A
P, =6.468 kW

Exercise 65

In the symmetric and balanced three phase system of Fig. 8.10:
1. draw the equivalent single-phase system;
2. calculate the real power absorbed by the three-phase load Z;

3. calculate the three line currents supplied by the voltage generators;

Data
E, = 230 V, B, = 230/-120° V, E; = 230/+120° V, Z = j1.3 Q,

Za=51+j51 9, Zp = 30+j15 Q.
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CHAPTER 8. THREE PHASE SYSTEMS 54

o—-_T—F—

o—/— = Py, cos 3

|ZL
|

°'_I:®—'::}_ ’J
BP W

Is ZA

—

Figure 8.11: Circuit for Exercise 66

Vi3 = 367.95V
I4=2551A
P; =9.440 kW cosy3 = 0.332

Exercise 67

Fig. 8.12 represents a symmetric and balanced three phase system. Calcu-
late:

1. the voltage at the beginning of the line;
2. the rms value of the current absorbed by the load A;
3. the rms value of the current absorbed by the load B;

4. the value of the impedance (magnitude and phase) of the load B.

Data
Py = 20 kW, cos pin = 0.57, [;n =45 A, PA=10 kW, Q4 = 15 kvar.
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CHAPTER 8. THREE PHASE SYSTEMS 56

’B, COS PH

Figure 8.13: Circuit for Exercise 68

Iin = 142.89 A
I, =8054A
Ip =64.81 A

Pg = 37.566 kW cospB = 0.837

Exercise 69

In the three-phase system of Fig. 8.14, calculate:
1. the current at the beginning of the line Iy;
2. the real power absorbed by the load Ps;
3. the supply voltage of the load Va;

4. the power factor cos 2.

Data
Dati: V; = 406 V, P, = 50 kW, cos 1 = 0.89, Z,=01+3020Q
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CONSTITUTIVE EQUATIONS
:'1 i _ di i dv
v =Ri v= LE l L= C'E
Z =R [ 1 | . 1
v S K 1~ = . v C 7I=jX,=—f—
7= jX, = jol T JRe =0
THEVENIN’S AND NORTON'S EQUIVALENT CIRCUIT
RT,,é 1 Ey = Rrylec
S >§/ E> 1C.Ce Ryr
/@ Eﬂ() Ryt = Rry
MILLMAN’S THEOREM
; E E , , .
R; R; i R; ﬁ—i+l3—14+15
. V, =
+ i Ry [ n Von 1,1, 1
E, Ez+ n 1+ Ry R,
SERIES AND PARALLEL CONNECTION
N 1
Ry R., =
M Re= D Re 5w L
k=1 k=1 Ry
STAR-DELTA TRANSFORMATION
Ry Rp + RyR. + RyR, R Ry, + RyR. + RLR, R Ry, + RyR. + RyR,
Ryp = R ac = R Rge =
c b Ra
DELTA-STAR TRANSFORMATION
R = RapRac RupRpc RacRac
g =——ABTAC Rp=—2878C R, =—ACTEC
Rup + Ryc + Rpe Rap + Rac + Rpe Rap + Ryc + Rpe
FOWERINISTNOTEFHASE Q POWER FACTOR CORRECTION TO cosy’
SYSTEMS P = VICOS(p tg(p = F =@ cosy
§ s Q = Vising P L L
r _ cosp = — e
S=VI ¢ ] ¢ '
v 2 vl Qc = P(tge' — tge)
@ — [p2 2 Ce )
= =vPe+ Q sin(p = % .;L

POWER ABSORBED BY TWO TERMINAL COMPONENTS SYMMETRIC AND BALANCED THREE-PHASE SYSTEMS

N R = L 2 C E
I o s P =+3VIcosp = 3Elcosq
- 4_“[7“ JLI ?76 _<‘7|_ VI . Q = V3VIsing = 3Elsing
& 0 S =3Vi =Q,/P2 + Q2
& tge = 4

Relation between phase and
line voltages (symmetric
systems)

Relation between phase and
line currents (balanced
loads)

ILINE

V3

Ipyase =
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ey O+ R Nkeller A RO Ry €. + ————-——-RZI/RS @
@Z”k"-;a—@l Rlﬂg +R| &3 ‘lQ\ P‘L Wl -L@z ”C)
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de

A =

Ry R ‘ R/(,W RnJ-YZ&b-

m——

;H\:“-EZ“/RX (l(.. ¢ + P\? -
!?,\L%}R; (Z(dzz}{a} (11‘@2 1/23

dy
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