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7.1  

Chapter 7 Instructor Notes 
 Chapter 7 surveys all important aspects of electric power.  Coverage of Chapter 7 can take place 

immediately following Chapter 4, or as part of a later course on energy systems or electric machines.  The 

material in this chapter will be of particular importance to Aerospace, Civil, Industrial, and Mechanical 

engineers, who are concerned with the utilization of electric power. 

 The chapter permits very flexible coverage, with sections 7.1 and 7.2 describing basic single-phase 

AC power ideas.  A survey course might only use this introductory material.  The next two sections discuss 

transformers and three-phase power.  Two descriptive sections are also provided to introduce the ideas of 

residential wiring, grounding and safety, and the generation and distribution of AC power.  These sections 

can be covered independent of the transformer and three-phase material. 

 The section Focus on Measurements: The wattmeter provides a practical look at the measurement 

of power.  The section Focus on Measurements: How Hall-effect current transducers work may be useful 

in the context of a power systems course, while Focus on Measurements: Power factor correction proposes 

a more applied look at the problem of improving the power factor of an industrial load. 

 The homework problems present a few simple applications in addition to the usual exercises 

meant to reinforce the understanding of the fundamentals.  Problems 7.19, 20, 22-25 present a variety of 

power factor correction problems.  Two advanced problems (7.35, 7.36) discuss transformer test methods; 

these problems may be suitable in a second course in energy systems.  Problem 7.48 illustrates the billing 

penalties incurred when electric loads have insufficient power factors (this problem is based on actual data 

supplied by Detroit Edison). 

 Those instructors who plan to integrate the three-phase material into a course on power systems 

and electric machines, will find that problems 7.47 and 7.49-51 can be assigned in conjunction with the 

material covered in Chapter 17, as part of a more in-depth look at three-phase machines. 
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Problem 7.1 

Solution: 
Known quantities: 
Resistance value, Ω30=R , and the voltage across the soldering iron, V117=V~ . 

Find: 
The power dissipated in the soldering iron. 
Analysis: 
The power dissipated in the soldering iron is: 

W3456
30

11722
.

R
V~P ===  

______________________________________________________________________________________ 

Problem 7.2 

Solution: 
Known quantities: 
Rated power, W1000=P , and the voltage across the heating element, V240=V~ . 

Find: 
The resistance of the heating element. 
Analysis: 
The power dissipated in the electric heater is: 

Ω657
1000
24022

.
P

V~R ===  

______________________________________________________________________________________ 

Problem 7.3 

Solution: 
Known quantities: 
Resistance value, Ω50=R  of the resistor. 

Find: 
The power dissipated in the resistor if the current source connected to the resistor is: 
a) ( ) ( ) A505 tcosti =  

b) ( ) ( ) A45505 °−= tcosti  

c) ( ) ( ) ( ) Α5050cos250cos5 °−−= ttti  

d) ( ) ( ) Α2505 −= tcosti  

Analysis: 
The average power can be expressed as: 

RIPav
2

2
1=  

a)  W625
2
5052

=⋅=avP  
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b)  W625
2
5052

=⋅=avP  

c) By using phasor techniques: 
A41.220180.45321.17144.35321.12856.1550205 °∠=+=+−=°−∠−°∠= jjI  

Then, the instantaneous current can be expressed as: 
( ) ( )A41.22100cos0180.4 °+= tti  

Therefore, the average power is: 

W6.403
2

500180.4 2

=⋅=avP  

d) The instantaneous voltage can be expressed as: 
( ) ( ) ( ) V10050250 −== tcostRitv  

Then, the instantaneous power can be written as: 
( ) ( ) ( ) ( )[ ] ( )[ ]

( ) ( )
( ) ( ) W200501000100625625

200501000501250

250510050250
2

+−+=
+−=

−⋅−=⋅=

tcostcos
tcostcos

tcostcostitvtp

 

Therefore, the average power is: 
W825200625 =+=avP  

______________________________________________________________________________________ 

Problem 7.4 

Solution: 
Known quantities: 
The current values. 
Find: 
The rms value of each of the following currents. 
a) tcostcos 4502450 +  
b) tsintcos 55 +  
c) 2450 +tcos  
d) ( )355 π++ tcostcos  
e) tcostcos 400200 +  
Analysis: 
The rms current can be expressed as: 

2
II~I rms ==  if the current is periodic or if the current can be converted to a phasor quantity. 

Otherwise, the rms current must be calculated using integration techniques. 
a) Summing the common cosine terms leads to 

A1213.2
2

3~
450cos3

==

=

I

tI
 

b) Using phasor analysis: 

( )

A1
2
2

A4521901019055

==

°−∠=−=°−∠+°∠=°−+=

I~

jtcostcosI
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c) Since the second term is not periodic, integration techniques must be used: 

A1213.2
2

3450sin
450
4900sin

1800
1

4
9

2
450

450
2~

4450cos4900cos
2
1

2
1

450
2)4450cos4450(cos

450
2~

)4450cos4450(cos
450
2)2450(cos

450
2~

450
2

0
450
2

0

2

450
2

0

2450
2

0

2

==��

�
��

� −−=

=�
�

	


�

� +++=++=

=++=+=

��

��

ttI

dtttdtttI

dtttdttI

π
π

ππ

ππ

ππ

ππ

 
d) Using phasor analysis: 

A225.1
2

732.1~
A30732.1866.05.0160101

==

°∠=++=°∠+°∠=

I

jI
 

e) Can’t use phasor analysis because phasor analysis does not work for different frequencies.  Must 
integrate as in part c: 

A414.1
2

2~ ==I  

______________________________________________________________________________________ 

Problem 7.5 

Solution: 
Known quantities: 
The current rms value, 4 A, the voltage source rms value, 110 V, the lag between the current and the 
voltage, 60°. 
Find: 
The power dissipated by the circuit and the power factor 
Analysis: 
The average power drawn by the circuit is: 

 ( ) ( ) W22060
2

242110
2

=°⋅== cosθcosVIP  

The power factor is: 
 ( ) 5060 .cospf =°=  
______________________________________________________________________________________ 

Problem 7.6 

Solution: 
Known quantities: 
The voltage source rms value, 120 V, the source frequency, 60 Hz, the power consumption, 1.2 kW, and 
the power factor, 0.8. 
Find: 
a) The rms current. 
b) The phase angle. 
c) The impedance. 
d) The resistance. 
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Analysis: 
a) The power is expressed as: 

( )θcosI~V~P =  
Thus, the rms current is: 

( ) A512
80120

1200 .
.θcosV~

PI~ =
⋅

==  

b) The power factor is: 
( )θcospf =  

Thus, the phase angle θ is: 

( ) °== − 8736801 ..cosθ  
c) The impedance Z is: 

Ω69
512

120 .
.I~

V~Z ===  

d) The resistance R is: 
( ) Ω687.θcosZR ==  

______________________________________________________________________________________ 

Problem 7.7 

Solution: 
Known quantities: 
The rms values of the supply voltage and current, 110 V and 14 A, the power requirement, 1 kW, the 
machine efficiency, 90%, and the power factor, 0.8. 
Find: 
The AC machine efficiency. 
Analysis: 
The efficiency is: 

 ( ) 90
W1232
W111190kW1 .

θcosI~V~
.

PowerElectrical
PowerMechanicalηmotor ====  

______________________________________________________________________________________ 

Problem 7.8 

Solution: 
Known quantities: 
The waveform of a voltage source shown in Figure P7.8. 
Find: 
a) The steady DC voltage that would cause the same heating effect across a resistance. 
b) The average current supplied to a 10-Ω resistor connected across the voltage source. 
c) The average power supplied to a 1-Ω resistor connected across the voltage source. 
Analysis: 

a) 
( ) ( ) V242

2
10

2
1911 .V~VDC ==⋅+⋅==  

b) 
( ) ( ) A10

20
2

102
1311 .Iav −=−=

⋅
⋅−+⋅=  
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c) W5
1
22

===
R

V~Pav  

______________________________________________________________________________________ 

Problem 7.9 

Solution: 
Known quantities: 
The current and the voltage values. 
Find: 
The average power, the reactive power and the complex power. 
Analysis: 

a) ( ) ( ) W2114020
2

50
2

450 =°⋅⋅== cosθcosI~V~P  

( ) ( ) VAR769620
2

50
2

450 =°⋅⋅== sinθsinI~V~Q  

VA2011250 °∠== *IV~~S  

b) ( ) ( ) W370930855140 .cos.θcosI~V~P =°−⋅⋅==  

( ) ( ) VAR540930855140 .sin.θsinI~V~Q −=°−⋅⋅==  

VA30819 °−∠== *IV~~S  

c) ( ) ( ) W866884521950 ..cos.θcosI~V~P =°−⋅⋅==  

( ) ( ) VAR768884521950 ..sin.θsinI~V~Q −=°−⋅⋅==  

VA845960 °−∠== .~~S *IV  

d) ( ) ( ) W8604045985810740 ..cos.θcosI~V~P =°+°−⋅⋅==  

( ) ( ) VAR7523245985810740 ..sin.sinI~V~Q −=°+°−⋅⋅=θ=  

VA9407992 °−∠== .~~S *IV  
______________________________________________________________________________________ 

Problem 7.10 

Solution: 
Known quantities: 
The current and the voltage values or the impedance. 
Find: 
The power factor and state if it is leading or lagging. 
Analysis: 
a) ( ) ( ) Leading9320221 ..cosθθcospf vi =°=−=  

b) ( ) ( ) Lagging7590640 ..cosθθcospf vi =°−=−=  

c) ( ) ( ) ( )°−+ω=+ω= 90742748742748 .tsin..tsin.tiL  

( ) ( ) Leading391067 .cosθθcospf vi =°=−=  
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d) ( ) ( ) Lagging8320733733
12
81 ..coscospf.tanθ vi =°−=θ−θ=�°=�
�

�
�
�

�= −  

______________________________________________________________________________________ 

Problem 7.11 

Solution: 
Known quantities: 
The power factor or the values of the current and the voltage. 
Find: 
The kind of the load (capacitive or inductive). 
Analysis: 
a) Capacitive. 
b) Capacitive. 
c) Since ( ) ( )°−ω= 9081 tcos.tiL , Inductive. 
d) Since the phase difference is zero, Resistive. 
______________________________________________________________________________________ 

Problem 7.12 

Solution: 
Known quantities: 
Circuit shown in Figure P7.12, the values of the resistance, Ω4=R , the capacitance, µF181=C , the 
inductance, H2=L , and the voltage source. 

Find: 
The real and reactive power supplied by the following sources. 
a) ( ) ( )V310 tcostvS =  

b) ( ) ( )V910 tcostvS =  

Analysis: 

a) A771
4

Ω,044663 .
2
10I~jjjZ,ω T =

⋅
=+=+−==  

VAR0W512 22 ==== XI~Q,.RI~P  

b) A420
516

Ω,16442189 .
.2

10I~jjjZ,ω T =
⋅

=+=+−==  

VAR822W,702 .XI~Q.RI~P 2 ====  
______________________________________________________________________________________ 

Problem 7.13 

Solution: 
Known quantities: 
Circuit shown in Figure P7.13, the values of the resistances, Ω81 =R , Ω62 =R , the reactances, 

Ω12−=CX , Ω6=LX , and the voltage sources, V3361 π−∠=S
~V , V6440242 .~

S ∠=V . 

Find: 
a) The active and reactive current for each source 
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b) The total real power. 
Analysis: 
a) From Figure P7.13: 

( ) ( ) 2121111 668 IIIIIV jjjXR LS −+=−+=  

( ) ( ) 21222212 666 IIIIIIV jjXRjX CLS −+−=++−−=−  
Substituting the values for the voltages sources gives: 

( )
( )�

�
�

−+−=−−
−+=−

21

21

666414219
66823118

II
II

jj.j.
jj.j

 

Solving for I1 and I2 yields: 

�
�
�

−=
−=

A91100911
A3833980

2

1

.j.

.j.
I
I

 

Therefore, the active and reactive currents for each source are: 

�
�
�

=
=

�
�
�

=
=

A910
A383

and
A0911
A3980

2

1

2

1

.
.

.

.

R

R

A

A

I
I

I
I

 

b) W1054033842116 222
11

2
22 =⋅+⋅=+= ..RRP IΙ  

______________________________________________________________________________________ 

Problem 7.14 

Solution: 
Known quantities: 
Circuit shown in Figure P7.14, the values of the resistors, Ω25=LR , Ω1=R , the capacitor, 

F1.0 µ=C , the voltage source, V230=S
~V , and the frequency, Hz60=f . 

Find: 
a) The source power factor. 
b) The current IS. 
c) The apparent power delivered to the load. 
d) The apparent power supplied by the source. 
e) The power factor of the load. 
Analysis: 

a) 
( )

Leading00098.0
036.7676

26
822

=
+

=
++

+==
eXRR

RR
Z
Rpf

Cloadline

loadline
source  

b) A67.8
9026525

230~~ m
Z
VI S

S =
°−∠

==  

Therefore, A9067.8 mS °−∠=I  

c) VA994.1~ 22222 =+=+= CloadSloadloadload XRIQPS  

d) VA994.1~~ == SSsource VIS  

e) 00094.0
26525

25 ===
load

load
load Z

Rpf  

______________________________________________________________________________________ 
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Problem 7.15 

Solution: 
Known quantities: 
Circuit shown in Figure P7.14, the e values of the resistors, Ω25=LR , Ω1=R , the inductor, 

H10.L = , the voltage source, V230=S
~V , and the frequency, Hz60=f . 

Find: 
a) The apparent power supplied by the source. 
b) The apparent power delivered to the load. 
c) The power factor of the load. 
Analysis: 

a) 
( )

kVA1551
73726

230
22

2

22

22

.
.XRR

V~

Z
V~S

Lloadline

=
+

=
++

==  

b) kVA141173725
845

230 22
2

22
2

2
2 ..

.
XR

Z
V~ZI~S LloadloadSload =+�

�

�
�
�

�=+==  

c) 550
245

25 .
.Z

Rpf
load

load
load ===  

______________________________________________________________________________________ 

Problem 7.16 

Solution: 
Known quantities: 
Circuit shown in Figure P7.14, the values of the resistors, Ω25=LR , Ω1=R , the capacitor, 

mF10.C = , the inductor, mH3570.L = , the voltage source, V230=S
~V , and the frequency, 

Hz60=f . 

Find: 
a) The apparent power delivered to the load. 
b) The real power supplied by the source. 
c) The power factor of the load. 
Analysis: 

a) 
( ) ( ) ( )

kVA032
52652626

230
22

2

22

22

.
..XXRR

V~

Z
V~S

CLloadline

=
−+

=
−++

==  

b) kW032
125

23022

.
R

V~PXX LC =
+

==�=  

c) 1=�= pfXX LC  
______________________________________________________________________________________ 



G. Rizzoni, Principles and Applications of Electrical Engineering Problem solutions, Chapter 7 

 

7.10  

Problem 7.17 

Solution: 
Known quantities: 
Circuit shown in Figure P7.17, the values of the resistor, Ω20=R , the capacitor, mF10.C = , the 

voltage source, V50=S
~V . 

Find: 
The apparent power, the real power, and the reactive power; draw the power triangle. 
Analysis: 

( )
VA375

233
2500

52620
50

1 22

2

22

2

.
..

ωCR

V~S ==
+

=
+

=  

 ( ) W3645
233

20375 .
.

.
Z
RSθcosSP ==⋅=⋅=  

 VAR6022 −=−= PSQ  

For the power triangle, °=�
�

�
�
�

�= − 531

Z
Rcosθ  

Therefore, the power triangle can be drawn as shown below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
______________________________________________________________________________________ 

Problem 7.18 

Solution: 
Known quantities: 
Circuit shown in Figure P7.17, the values of the resistor, Ω20=R , the capacitor, mF10.C = , the 

voltage source, V50=S
~V . 

Find: 
The apparent power, the real power, and the reactive power, in the cases of f = 50 and 0 Hz. 
Analysis: 
For the frequency of 0 Hz, 

000 000 === HzHzHz Q,P,S  
For the frequency of 50 Hz, 

P = 45.36 W 

Q = -60 VAR S = 75.3 VA 

53° 
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( )
VA1567

237
2500

1 22

2

50 .
.

ωCR

V~S Hz ==
+

=  

( ) W36
237

20156750 ==⋅=⋅=
.

.
Z
RSθcosSP Hz  

VA75622
50 .PSQ Hz =−=  

______________________________________________________________________________________ 

Problem 7.19 

Solution: 
Known quantities: 
A single-phased motor connected across a 220-V source at 50 Hz as shown in Figure P7.19, power factor pf 
= 1.0, I = 20 A, and I1 = 25 A. 
Find: 
The capacitance required to give a unity power factor when connected in parallel with the load. 
Analysis: 
The magnitude of the current 2I~  is: 

A1540062522
12 =−=−= I~I~I~  

The voltage source can be expressed as: 

CXI~V~ ⋅= 2  
Therefore, the required capacitor is: 

µF217
314220

152 =
⋅

=
⋅

=
ωV~

I~C  

______________________________________________________________________________________ 

Problem 7.20 

Solution: 
Known quantities: 
The currents and voltages required by an air-conditioner, a freezer, a refrigerator, and their power factors. 
Find: 
The power to be supplied by an emergency generator to run all the appliances. 
Analysis: 
In this problem we will use the following equations: 

( )θcosV~I~P = , ( )θsinV~I~Q = , ( )θcospf =  
The real and reactive power used by the air conditioner are: 

W8103690120691 .=.⋅⋅= .P , ( )( ) VAR155029012069 1
1 .=.⋅⋅= −cossin.Q  

The real and reactive power used by the freezer are: 
W48438870120242 ..P =.⋅⋅= , ( )( ) VAR524887012024 1

2 .cossin.Q =.⋅⋅= −  
The real and reactive power used by the refrigerator are: 

W33680120533 =.⋅⋅= .P , ( )( ) VAR2528012053 1
3 =.⋅⋅= −cossin.Q  

The total real and reactive power P are: 
 W281811321 .PPPP =++= , VAR651002321 .QQQQ =++=  
Therefore, the following power must be supplied: 
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 VA972832070VA651002281811 o...j.jQPS ∠=+=+=  
______________________________________________________________________________________ 

Problem 7.21 

Solution: 
Known quantities: 
The schematics of the power supply module consisting of two 25-kV single-phase power stations shown in 
Figure P7.21, the power consumption by the train, the DC power supply at a low speed operation, the 
average power factor in AC operation, the over-head line equivalent specific resistance, and negligible rail 
resistance. 
Find: 
a) The equivalent circuit. 
b) The locomotive current in the condition of a 10% voltage drop. 
c) The reactive power. 
d) The supplied real power, over-head line losses, and the maximum distance between two power station 

supplied in the condition of a 10% voltage drop when the train is located at the half distance between 
the stations. 

e) Over-head line losses in the condition of a 10% voltage drop when the train is located at the half 
distance between the stations, assuming pf = 1 (The French TGV is designed with the state of art 
power compensation system). 

f) The maximum distance between the two power station supplied in the condition of a 10% percent 
voltage drop when the train is located at the half distance between the stations, assuming the DC (1.5 
kV) operation at a quarter power. 

Analysis: 
a) The equivalent circuit is: 
 
 
 
 
 
 
 
 
 
 
 
b) The locomotive current for the 10% voltage drop is: 

( ) ( ) A611
0.8kV22.5

MW11
%10

22 2121 =
⋅

=
−

===+=
θcosV~

PI~I~I~I~I~
S

LOC
LOC  

c) The reactive power is: 

( )
( ) ( ) MVAR258MW11MVA7513

%10
22

22222

..

PIV~PSQ LOCLOCSLOCLOC

=−=

−−=−=
 

d) The supplied real power is: 

( ) MW85122222 .QI~V~QSP S =−⋅=−=  
The over-head line power loss is: 

VS2

I2I1 LineLine 

ILOC 

VS1 Train
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( )

( ) ( ) MW851MVAR258MVA2715MW11 22

22

...

QI~V~PP SLOCLine

=−+−=

−⋅+−=
 

The maximum distance between the two power stations is: 

 km100
Ω/km20

2DistanceΩ5 max2 ==�==
.

R
I~
PR||R Line

LOC

Line
LineLine  

e) The over-head line power loss is: 

( ) MW221A489V2500%10 .θcosIV~P LOCSLOC =⋅=⋅⋅⋅=  

f)  A2037
V1350

MW752
%90
250 ==

⋅
= .

V
P.I

DC,S

LOC
LOC  

kW305%10 =⋅⋅= LOCDC,SLine IVP  

Ω073502 .
I
PR||R
LOC

Line
LineLine ==  

The maximum distance between the two power stations is: 

km51
Ω/km20

2Distancemax .
.

RLine ==  

______________________________________________________________________________________ 

Problem 7.22 

Solution: 
Known quantities: 
One hundred 40-W lamps supplied by a 120-V and 60-Hz source, the power factor of 0.65, the penalty at 
billing, and the average prices of the power supply and the capacitors. 
Find: 
Number of days of operation for which the penalty billing covers the price of the power factor correction 
capacitor. 
Analysis: 

The capacitor value for pf = 0.85 is: 

( )

µF420
120377

19
120337

333239333351

850650

2222

2222

850650

=
⋅

=
⋅

−−−=

⋅

�
�

�
�
�

�−�
�

�
�
�

�

⋅
−�

�

�
�
�

�−�
�

�
�
�

�

⋅=
⋅
−

=
⋅

=

....

Vω
V
P

.V~
P

V
P

.V~
P

Vω
I~I~

ωV~
I~C

CC

.,X.,X

C

C
 

Therefore, the number of days of operation for which the penalty billing covers the price of the power 
factor correction capacitor is: 

Days88

day
hr24

kW
$010hr1

4
kW4

mF
$50µF420

DaysofNumber =
⋅⋅⋅

⋅
=

.
 

______________________________________________________________________________________ 
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Problem 7.23 

Solution: 
Known quantities: 
Reference to the problem 7.22, and the network current decreasing with the power factor correction. 
Find: 
a) The capacitor value for the unity power factor. 
b) The maximum number of lamps that can be installed supplementary without changing the cable 

network if a local compensation capacitor is used. 
Analysis: 

a) LC
~~ II =  

µF862
120377

333351650 22

22

=
⋅
−=

�
�

�
�
�

�−�
�

�
�
�

�

⋅== ..
ωV~

V~
P

.V~
P

ωV~

~
C LI

 

b) Initial cable network is: 

( ) A351
650120

4000 .
.θcosV~

PI~ =
⋅

==  

One lamp current for pf = 1 is: 

A3330
120
40 .

V~
P

I Lamp
Lamp ===  

The total number of lamps 154==
LampI~
I~

 

Therefore, the number of supplementary lamps 54100154 =−=  
______________________________________________________________________________________ 

Problem 7.24 

Solution: 
Known quantities: 
The voltage and the current supplied by a source, V507 °∠=S

~V , A2013 °−∠=S
~I . 

Find: 
a) The power supplied by the source which is dissipated as heat or work in the load 
b) The power stored in reactive components in the load. 
c) Determine if the circuit is an inductive or a capacitive load. 
Analysis: 
a) ( )( ) VA51.8512.31VA7091A2013V507~~ ** jS SS +=°∠=°−∠°∠== IV  

W12.31=avP  

b) VAR51.85=Q  

c) ( ) ( ) Lagging342070 .θcospfVI ==�°−=θ−θ=θ  
The load is inductive. 

______________________________________________________________________________________ 
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Problem 7.25 

Solution: 
Known quantities: 
Circuit shown in Figure P7.25, the voltage supplied by a power plant, 

( ) ( ) srad377V450 == ω,ωtcostvS , and the impedances of the plant, Ω7 jZ +=  and of the 

power plant, Ω11.03 jZG += . 

Find: 
Determine C so that the plant power factor is corrected to 1. 
Analysis: 
Note:  ZG influences only the phase difference between VS and V0 and not the one between V0 and Z.  
For this reason, the result does not depend from ZG. 

( )( )
( ) ( ) ( )

( )
( )

( )( ) ( )( )
( ) eqeq

C

CCCCCC

C

C

C

CC

C

C

C

C
eq

jXR
XXR

XXXXXRjXXRXRXX

XXjR
XXjR

XXjR
jRXXX

jXjXR
jXjXR

ZZ
ZZZ

−=
−+

−−−−−=

=
−−
−−

−+
−=

−++
−+=

+
=

22

2  

 
eq

S Z
0VI =  

If IS and V0 are in phase, they have the same phase angle.  For this reason, it must be: 

 ( ) 000 2 =−−�=�−=−= CCCeqeqeqeqeq XXXXXRXjRjXRZ  

 ( )( ) µF351
Ω50srad377

111Ω50
22

.
ωX

C
ωCX

XRX
C

C ===�==+=  

______________________________________________________________________________________ 

Problem 7.26 

Solution: 
Known quantities: 
Circuit shown in Figure P7.25, the voltage supplied by a power plant, 

( ) ( ) srad377V450 == ω,ωtcostvS , and the impedances of the plant, Ω107 °∠=Z . 

Find: 
Determine C so that the plant power factor is corrected to 1. 
Analysis: 
Note:  ZG influences only the phase difference between VS and V0 and not the one between V0 and Z.  
For this reason, the result does not depend from ZG. 
 Ω211896Ω107 .j.Z +=°∠=  

( )( )
( ) ( ) ( )

( )
( )

( )( ) ( )( )
( ) eqeq

C

CCCCCC

C

C

C

CC

C

C

C

C
eq

jXR
XXR

XXXXXRjXXRXRXX

XXjR
XXjR

XXjR
jRXXX

jXjXR
jXjXR

ZZ
ZZZ

−=
−+

−−−−−=

=
−−
−−

−+
−=

−++
−+=

+
=

22

2  
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eq

S Z
0VI =  

If IS and V0 are in phase, they have the same phase angle.  For this reason, it must be: 

 ( ) 000 2 =−−�=�−=−= CCCeqeqeqeqeq XXXXXRXjRjXRZ  

 ( )( ) µF865
Ω3140srad377

111Ω3140
22

.
.ωX

C
ωC

.
X

XRX
C

C ===�==+=  

______________________________________________________________________________________ 

Problem 7.27 

Solution: 
Known quantities: 
Circuit shown in Figure P7.25, the voltage across a plant, Hz60V04500 =°∠= f,~V , and the current 

through it without the capacitance in parallel with the plant, A1017 °−∠=S
~I , the value of the 

capacitance in parallel with the plant, µF4017.C = . 

Find: 
The reduction of current which resulted from connecting the capacitor into the circuit. 
Assumptions: 
The impedance of the power plant is very small, 0≈GZ . 

Analysis: 
Without capacitor: 

 A1017 °−∠== gS
~~ II , V04500 °∠=V~ . 

With capacitor, being 0≈GZ , the voltage across the plant does not change, as well as the current: 

 V1017V04500 °−∠=�°∠= g
~~ IV  

KCL: 0=++− CgS
~~~ III  

 

( ) A07416A074161041737795227416

1
04501017

6

0

°∠=+=⋅⋅+−=

ω
°∠+°−∠=+=+=

− .j..j.j.

CjZ

~~~~~
C

gCgS
VIIII

 

______________________________________________________________________________________ 

Problem 7.28 

Solution: 
Known quantities: 
Circuit shown in Figure P7.25, the voltage across a plant, ( ) ( ) Hz60V1700 == f,ωtcostv , the 

current through it without the capacitance in parallel with the plant, ( ) ( )A11130 °−= ωtcostiS , and 

the value of the capacitance in parallel with the plant, µF387=C . 

Find: 
The reduction of current which resulted from connecting the capacitor into the circuit. 
Assumptions: 
The impedance of the power plant is very small, 0≈GZ . 
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Analysis: 
Without capacitor: 

 A11130 °−∠== gS
~~ II , V01700 °∠=V̂ . 

With capacitor, being 0≈GZ , the voltage across the plant does not change, as well as the current: 

 V11130V01700 °−∠=�°∠= g
~~ IV  

KCL: 0=++− CgS
~~~ III  

 

( ) A061127A06112710417377812461127

1
017011130

6

0

°∠=+=⋅⋅+−=

ω
°∠+°−∠=+=+=

− .j..j.j.

CjZ

~
~~~~

C
gCgS

VIIII
 

______________________________________________________________________________________ 

Problem 7.29 

Solution: 
Known quantities: 
Circuit shown in Figure P7.29, the values of the voltages and all the impedances. 
Find: 
The total average power, the real power dissipated and the reactive power stored in each of the impedances. 
Analysis: 

 
( )

11

2

1

1
1 kVA32108817kVA3064320

Ω3070
V2170 jQP.j..

.Z

~
S av*

S +=+=°∠=
°−∠

== V
 

 
( )

22

2

2

2
2 kVA171569kVA76339

Ω751
V2170 jQP.j..

.Z

~
S av*

S +=+=°∠=
°−∠

== V
 

 

( ) ( )

( )
33

2

2

3

2
21

3

kVA24466834kVA1353857
Ω135350

V4542240

Ω4030
V901700170

jQP.j...
..

.

.j.Z

~~
S

av

*
SS

+=−=°∠=
°−∠

°∠=

−
°∠+°∠=+= VV

 

______________________________________________________________________________________ 

Problem 7.30 

Solution: 
Known quantities: 
The voltage and the current supplied by a source, V9170 °−∠=S

~V , A1613 °∠=S
~I . 

Find: 
a) The power supplied by the source which is dissipated as heat or work in the load 
b) The power stored in reactive components in the load. 
c) Determine if the circuit is an inductive or a capacitive load. 
Analysis: 
a) ( )( ) VA0.9342003VA252210A1613V9170~~ ** jS SS −=°−∠=°∠°−∠== IV  

 W2003=avP  
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b) VAR934−=Q  

c) ( ) ( ) Leading906025 .θcospfVI ==�°=θ−θ=θ  
The load is capacitive. 

______________________________________________________________________________________ 

Problem 7.31 

Solution: 
Known quantities: 
Circuit shown in Figure P7.31, 3ach secondary connected to 5-kW resistive load, the primary connected to 
120-V rms. 
Find: 
a) Primary power. 
b) Primary current. 
Analysis: 
a) kW1021 =+= secsecprim PPP  

b) A383
120

10000 .
V~

P
I~ prim

prim ===  

A0383 ∠= .~
primI  

______________________________________________________________________________________ 

Problem 7.32 

Solution: 
Known quantities: 

Circuit shown in Figure P7.31, the ratio between the secondary and the primary, n~
~

prim

sec =
V
V

 and 

secsecsec
~~~ VVV

2
1

21 == . 

Find: 
a) Vsec and Vsec1 if Vprim = 220 V rms and n = 11. 
b) n if Vprim = 110 V rms and Vsec2 = 5 V rms. 
Analysis: 

a) V20
11
220 ===

n
V

V prim
sec  

V10
21 == sec

sec
VV  

b) 11
52

110
2 2

=
⋅

=
⋅

=
sec

prim

V
V

n  

______________________________________________________________________________________ 
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Problem 7.33 

Solution: 
Known quantities: 
The circuit shown in Figure P7.33 and vg = 120 V rms. 
Find: 
a) The total resistance seen by the voltage source. 
b) The primary current. 
c) The primary power. 
Analysis: 
From the circuit shown on the right hand side: 

12

111
nvv

vRivg
=

+=
       

21

222
nii

R/vi
=
=  

a) Ω22
2

1
1

111

1

=+=+==
n
RR

i
viR

i
v

R g
tot  

b) A60
2

120
1 ===

tot

g

R
v

I~  

c) kW27111 .V~I~P =⋅=  
______________________________________________________________________________________ 

Problem 7.34 

Solution: 
Known quantities: 
The circuit shown in Figure P7.33 and vg = 120 V rms. 
Find: 
a) The secondary current. 
b) The installation efficiency sourceload PP . 
c) The value of the load resistance which can absorb the 

maximum power from the given source. 
Analysis: 
From the circuit shown on the right hand side:   

a) A15
4

60
4
1

2 === II  

b) 50
kW27
kW63

60120
16225

1

2
2
2 .

.

.
Iv
RI

P
Pη

gsource

load ==
⋅
⋅=

⋅
⋅==  

c) For the maximum power transfer: 

secprim 'RR =  

Ω1616Ω11 2
121 =⋅=⋅=�= nRRR

n
R loadload  

______________________________________________________________________________________ 
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Problem 7.35 

Solution: 
Known quantities: 
Circuit shown in Figure P7.35, the voltage and the power that a transformer is rated to deliver to a 

customer, V3801 =V~ , kW460=inP . 

Find: 
a) The current that the transformer supply to the customer. 
b) The maximum power that the customer can receive if the load is purely resistive. 
c) The maximum power that the customer can receive if the power factor is 0.8, lagging. 
d) The maximum power that the customer can receive if the power factor is 0.7, lagging. 
e) The minimum power factor to operate if the customer requires 300 kW. 
Analysis: 
a) From outin SI~V~I~V~S === 2211 : 

kA211
380

1000460

1
1 .

V~
SI in =⋅==  

b) For an ideal transformer: 
( ) ( )θθ cosI~V~cosPP inout 11==  

For ( ) 1=θcos : 

kW46011 == I~V~Pout  

c) For ( ) 80.cos =θ , the maximum power is: 

( ) kW36811 =θ= cosI~V~Pout  

d) For ( ) 70.cos =θ , the maximum power is: 

( ) kW32211 =θ= cosI~V~Pout  

e) For kW300=outP , the minimum power factor is: 

( ) 650
kW460
kW300 .

P
Pcos

in

out ===θ  

______________________________________________________________________________________ 

Problem 7.36 

Solution: 
Known quantities: 
Circuit shown in Figure P7.36, the voltage, ( ) ( )V377294 tcostvS = , the resistances in a circuit 

containing a transformer and the ratio 
( )
( ) 52

10
.tv

tv
n

S
== . 

Find: 
a) Primary current. 
b) ( )tv0 . 
c) Secondary power. 
d) The installation efficiency sourceload PP . 
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Analysis: 
a) The primary circuit is described in the figure left-hand side. 

The primary current is: 

( ) ( )2
2

11211 RnRI~'RRI~V~S +=+=  

A820
25256100

1
2

294

2
2

1

1
1 .

.RnR
V~I~ =

⋅+
⋅=

+
=  

( ) ( )A3771441 tcos.ti =  
b) The output voltage is: 

V450
52

820100208111
0 .

.
.

n
I~RV~

n
V~V~ S =⋅−=−==  

( ) ( )V377710 tcostv =  

c) For the secondary power, if 1=pf : 

W31035245082001022 ....nV~I~V~I~P =⋅⋅=⋅⋅==  
d) The installation efficiency is: 

60
A820V208

W3103

1

2 .
.

.
I~V~

P
P
Pη

Ssource

load =
⋅

=
⋅

==  

______________________________________________________________________________________ 

Problem 7.37 

Solution: 
Known quantities: 
Circuit shown in Figure P7.37, the resistances, Ω1800=SR , Ω8=LR . 

Find: 
The turn’s ratio that will provide the maximum power transfer to the load. 
Analysis: 
From Equation (7.41) for the reflected source impedance circuit, we have: SeqS RNR 2=  

Therefore, the power is maximized if: 

15

06701

=∴

===�=

n

.RRnNRR SLLeqS  

______________________________________________________________________________________ 

Problem 7.38 

Solution: 
Known quantities: 
The voltage source and the resistances in the circuit shown in Figure P7.38. 
Find: 
a) Maximum power dissipated by the load. 
b) Maximum power absorbing from the source. 
c) The installation efficiency. 
Analysis: 
All the impedances are resistances, and therefore it is possible to 
consider the modules of voltages and currents. 
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a) To maximize the power delivered to the 8-Ω resistance, n must be selected to maximize the load 
current 02 >I . 

Note that 21
1V
n

V =  and 21 nII = . 

KVL Mesh 1: 

( ) ( )22222121 413413 InIV
n

nIIIV
n

Ivg −++=−++=  

KVL Mesh 2: 
( ) ( )2221222 4848 nIIIIIIV −+=−+=  

Rearranging the two mesh equations: 

( )
( )

( ) ( ) g
g vIn

n
In

VIn

vV
n

In
=−+−�

��

�
�

�

=−

=+−
22

22

22 412147
412

147
 

gv
nn

nI
1287 22

+−
=  

( ) ( )
( ) ( ) gg v

nn

nV
nn

nnnnI
dn
d

22

2

22

2

2
1287

127

1287

8141287

+−

+−=
+−

−−+−=  

For the maximum value of the load current I2, 02 =
dn
dI

: 

311
7

120127 2 .nn ==�=+−  

The maximum load current is: 

A47131220
1287 22 .v.v

nn
nI gg ==

+−
=  

The maximum power dissipated by the load is: 

kW4522
2 .IRP loadload ==  

b) The maximum power absorbing from the source is: 

( )221
2
1 Ω4Ω3 IIIPP loadsource −⋅+⋅+=  

( )222
2
2 Ω4Ω3 InInIPP loadsource −⋅+⋅+=  

kW543W70W934W2540 .Psource =++=  
c) The installation efficiency is: 

70
kW543
kW452 .

.

.
P
Pη
source

load ===  

______________________________________________________________________________________ 

Problem 7.39 

Solution: 
Known quantities: 
The current and the voltage delivered by the transformer, and the circuit of the transformer shown in Figure 
P7.39. 
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Find: 
The efficiency of the installation. 
Analysis: 

rmsV2202 === secsecW V~V~nV~  

rmsA25
2
11 === secsecW I~I~

n
I~  

rmsA901190
20
220

20

~~ °−∠=°−∠==
j
VI W

L  

Since the currents are exactly 90° out of phase, the current is the square root of the sum of the 
 phasor magnitudes squared: 

rmsA32722 .I~I~I~ WLS =+=  

kW2456kW55W745Ω1 2 ..PI~P secSS =+=+⋅=  
Therefore, the efficiency of the installation is: 

880
kW2456

kW55 .
.
.

P
P

P
Pη

source

sec

source

load ====  

______________________________________________________________________________________ 

Problem 7.40 

Solution: 
Known quantities: 
The model for the circuit of a transformer shown in Figure P7.40 and the results of two tests performed at 

srad377=ω : 

1. Open-circuit test: V241=ocV~ , A950.I~oc = , W32=ocP . 

2. Short-circuit test: V5=scV~ , A255.I~sc = , W26=scP . 

Find: 
The value of the impedances in the equivalent circuit. 
Analysis: 
The power factor during the open circuit test is: 

( ) Lagging13980.
I~V~

Pθcospf
ococ

oc
ococ ===  

The excitation admittance is given by: 

( ) S003903000055110S9681
241

9501 .j...pfcos
V~
I~Y oc

oc

oc
c −=°−∠=∠= −  

��

�
�

�

==

=
�

�
�
�

=
=

H680

kΩ81

Ω2256
kΩ81

.
ω
XL

.R

.X
.R

c
c

c

c

c  

The power factor during the short circuit test is: 

( ) Leading99050.
I~V~

Pθcospf
scsc

sc
scsc ===  

The series impedance is given by: 
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( ) Ω1311094760Ω9147
255
51 .j..
.

pfcos
I~
V~Z sc

sc

sc
w +=°∠=∠= −  

��

�
�

�

==

=
�

�
�
�

=
=

mH3480

Ω94760

Ω13110
Ω94760

.
ω

XL

.R

.X
.R

w
w

w

w

w  

______________________________________________________________________________________ 

Problem 7.41 

Solution: 
Known quantities: 
The model for the circuit shown in Figure P7.40 of a kVA460  transformer and the results of two tests 
performed at Hz60=f : 

1. Open-circuit test: V4600=ocV~ , A70.I~oc = , W200=ocP . 

2. Short-circuit test: V25.V~sc = , W50=scP . 

Find: 
The value of the impedances in the equivalent circuit. 
Analysis: 
The power factor during the open circuit test is: 

( ) Lagging0620.
I~V~

Pθcospf
ococ

oc
ococ ===  

The excitation admittance is given by: 

( ) S1015201049S4586
4600

70 361 −−− ⋅−⋅=°−∠=∠= .j...pfcos
V~
I~Y oc

oc

oc
c  

��

�
�

�

==

=
�

�
�
�

=
=

H4617

kΩ38106

kΩ586
kΩ38106

.
ω
XL

.R

.X
.R

c
c

c

c

c  

The power factor during the short circuit test: 

( ) 1cos ≈==
sc

sc
scsc S

Pθpf  

since it is a high power transformer. 
The series impedance has therefore imaginary part 

0≈ : 

( ) Ω5401
2

.pfcos
P
V~Z sc

sc

sc
w =∠= −  

��

�
�

�

==

=
�

�
�
�

=
=

0

Ω540

Ω0
Ω540

ω
XL

.R

X
.R

w
w

w

w

w  

Therefore, the equivalent circuit is shown besides. 
 
 
______________________________________________________________________________________ 
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Problem 7.42 

Solution: 
Known quantities: 
Circuit shown in Figure P7.42 of the single-phase transformer with the high voltage regulation from five 
different slots in the primary winding, the secondary voltage regulation in the range of 10%, and the 
number of turns in the secondary coil. 
Find: 
The number of turns for each slot. 
Analysis: 
The secondary voltages are: 

rmsV321V120

rmsV261V060

rmsV201

rmsV141V060

rmsV081V120

2325

2324

23

2322

2321

..V~V~

..V~V~
.V~

..V~V~

..V~V~

=+=

=+=

=

=−=

=−=

 

Therefore, the number of turns for each slot is: 

�
�
�

�

��
�

�

�

≅×=
≅×=
≅×=
≅×=
≅×=

�⋅=

turns33326166
turns34926174
turns36723183
turns38629192
turns40827203

15

14

13

12

11

.n

.n

.n

.n

.n

n
V~

V~
n sec

sec

prim
prim  

______________________________________________________________________________________ 

Problem 7.43 

Solution: 
Known quantities: 
The pipe’s resistance = 0.0002 Ω, the secondary resistance = 0.00005 Ω, the primary current = 28.8 A, and 
pf = 0.91. 
Find: 
a) The slot number. NOTE: Typo in problem statement. 
b) The secondary reactance. 
c) The installation efficiency. 
 Analysis: 
a) The secondary current is: 

( ) 2
secsecprimprimsecprim I~RθcosI~V~PP ⋅=⋅⋅�=  

( )
A4800

000250
910828220 =⋅⋅=

⋅⋅
=

.
..

R
θcosI~V~

I
sec

primprim
sec  

Therefore, the slot number is: 

5Number Slot 6.166
8.28

4800sec
�===

primI
IN  

b) The secondary reactance is: 
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22
secsec

sec
secprim

XR

Rpfpf
+

==  

µΩ1141
910
100025011

22 =−=−=
.

.
pf

RX secsec  

c) The installation efficiency is: 

80
µΩ250
µΩ200

2

2
.

R
R

IR
IR

P
Pη

sec

load

secsec

secload

prim

load ===
⋅
⋅==  

______________________________________________________________________________________ 

Problem 7.44 

Solution: 
Known quantities: 
A single-phase transformer converting 6 kV to 230 V with 0.95 efficiency, the pf of 0.8, and the primary 
apparent power of 30 KVA. 
Find: 
a) The secondary current. 
b) The transformer’s ratio. 
 Analysis: 
a) The secondary current is: 

( ) kW8229508030 ...ηθcosSηPP primprimsec =⋅⋅=⋅⋅=⋅=  

( ) A124=
⋅

=
θcosV~

PI~
sec

sec
sec  

b) The primary current is: 

A5
6000

30000 ===
prim

prim
prim V~

S
I~  

Therefore, the transformer’s ratio is: 

04.08.24~
~1 sec =�== N
I
I

N prim

 

______________________________________________________________________________________ 

Problem 7.45 

Solution: 
Known quantities: 
The magnitude of the phase voltage of a three-phase wye system, 220 V rms. 
Find: 
The expression of each phase in both polar and rectangular coordinates. 
Analysis: 
The phase voltages in polar form are: 

V0220 o
an

~ ∠=V , V120220 °−∠=bn
~V , V120220 °∠=cn

~V  
The rectangular forms are: 

V220=an
~V , V52190110 .j~

bn −−=V , V5190110 .j~
cn +−=V  

The line voltages in polar form are: 
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V3038030~3~ °∠=°∠= anab VV  

V90380~ °−∠=bcV  

V150380~ °∠=caV  
The line voltages in rectangular form are: 

V190329~ jab +=V , V380~ jbc −=V , V190329~ jca +−=V  
______________________________________________________________________________________ 

Problem 7.46 

Solution: 
Known quantities: 
The phase currents, 010~ ∠=anI , °∠= 15012~

bnI , °∠= 1658~
cnI . 

Find: 
The current in the neutral wire. 
Analysis: 
The neutral current is: 

A4.14839.1507.811.1316581501205~~~~ °∠=+−=°∠+°∠+°∠=++= jcnbnann IIII
______________________________________________________________________________________ 

Problem 7.47 

Solution: 
Known quantities: 
Circuit shown in Figure P7.47, the voltage sources, V0120 °∠=R

~V , V120120 °∠=W
~V , 

V240120 °∠=B
~V . 

Find: 
a) The voltages, BRWBRW

~~~ VVV ,, . 

b) The voltages, ,,, BRWBRW
~~~ VVV  using °−∠= 303xxy

~~ VV . 
c) Compare the results obtained in a and b. 
Analysis: 
a) V30820792103601201201200120 °−∠=−+=°∠−°∠=−= ..j~~~

WRRW VVV  

V90820792103609210360
240120120120

°∠=−++−=
°∠−°∠=−=

..j.j

~~~
BWWB VVV

 

V15082071209210360      
0120240120

°−∠=−−−=
°∠−°∠=−=

..j

~~~
RBBR VVV

 

b) V308207303120303 °−∠=°−∠=°−∠= .~~
RRW VV  

V908207303120120303 °∠=°−∠°∠=°−∠= .~~
WWB VV  

V1508207V2108207303240120303 °−∠=°∠=°−∠°∠=°−∠= ..~~
BBR VV  

c) The two calculations are identical. 
______________________________________________________________________________________ 
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Problem 7.48 

Solution: 
Known quantities: 
Circuit shown in Figure P7.48, the voltage sources, V0110 °∠=R

~V , V120110 °∠=W
~V , 

V240110 °∠=B
~V , and the three loads, Ω50=RZ , Ω20jZW −= , Ω45jZB = . 

Find: 
a) The current in the neutral wire. 
b) The real power. 
Analysis: 

a) A022
50

0110 °∠=°∠== .
Z

~~
R

R
R

VI  

A150442
45
240110 °∠=°∠== .

jZ

~~
B

B
B

VI  

A21055
20
120110 °∠=

−
°∠== .

jZ

~~
W

W
W

VI  

A91619241504422105522 °−∠=°∠+°∠+=++= .....~~~~
BWRN IIII  

b) W2422250 22 =⋅=⋅= .~RP BI  
______________________________________________________________________________________ 

Problem 7.49 

Solution: 
Known quantities: 
Circuit shown in Figure P7.49, the voltage sources, V0220 °∠=R

~V , V120220 °∠=W
~V , 

V240220 °∠=B
~V , and the impedances, Ω10=== RBW RRR . 

Find: 
a) The current in the neutral wire. 
b) The real power. 
Analysis: 

a) A022
10

0220 °∠=°∠==
R

R
R R

~~ VI  

A12022
10

120220 °∠=°∠==
W

W
W R

~~ VI  

A24022
10

240220 °∠=°∠==
B

B
B R

~~ VI  

Therefore, the current in the neutral wire is: 

A0=++= BWRN
~~~~ IIII  

b) The real power is: 
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kW5214
10

220333
22

2222 .
R

~~RR~R~R~P R
RBWR ===⋅=⋅+⋅+⋅= VIIII  

______________________________________________________________________________________ 

Problem 7.50 

Solution: 
Known quantities: 
A three-phase electric oven with a phase resistance of 10 Ω, connected at 3 × 380 V AC. 
Find: 
a) The current flowing through the resistors in Y and ∆ connections. 
b) The power of the oven in Y and ∆ connections. 
Analysis: 
a) In Y-connection: 

A22
10
220

10
3380 ====

R
V~

I~ phase
RY  

In ∆-connection: 

A7.12
30
380~~ ===

R
VI line

RD  

b) In Y-connection: 

kW51422380333 .I~V~I~V~P RYlinelineline =⋅⋅=⋅⋅=⋅⋅=  
In ∆-connection: 

kW36.87.123803~~3~~3 =⋅⋅=⋅⋅=⋅⋅= RDlinelineline IVIVP  
______________________________________________________________________________________ 

Problem 7.51 

Solution: 
Known quantities: 
Apparent power of 50 kVA and supplied voltage of 380 V for a synchronous generator. 
Find: 
The phase currents, the active powers, and the reactive powers if: 
a) The power factor is 0.85. 
b) The power factor is 1. 
Analysis: 
a) For the power factor of 0.85: 

A76
3803

50000
3

3 =
⋅

==�=
V~

SI~I~V~S  

( ) kW54285050000 ..θcosSP =⋅=⋅=  

kVAR32654250 2222 ..PSQ =−=−=  
b) For the power factor of 1.00: 

A76=�= I~PS  

( ) kW05000150000 ..θcosSP =⋅=⋅=  

022 =−= PSQ  
______________________________________________________________________________________ 
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Problem 7.52 

Solution: 
Known quantities: 
Circuit shown in Figure P7.52, the voltage sources, ( ) ( )V1701 ωtcostvs = , 

( ) ( )V1201702 °+= ωtcostvs , ( ) ( )V1201703 °−= ωtcostvs , and the impedances, 

Ω20501 °∠= .Z , Ω03502 °∠= .Z , Ω90713 °−∠= .Z , the frequency, Hz60=f . 

Find: 
The current through Z1, using: 
a) Loop/mesh analysis. 
b) Node analysis. 
c) Superposition. 
Analysis: 
a) Applying KVL in the upper mesh: 

( ) ( ) ( ) 21222112211112 0 ssss
~~Z~ZZ~Z~~Z~~~ VVIIIIIVV −=−++�=−++−  

Applying KVL in the lower mesh: 

( ) ( ) ( ) 32322213221223 0 ssss
~~ZZ~Z~Z~Z~~~~ VVIIIIIVV −=++−�=+−+−  

For each mesh equation: 

( ) V3029414785170120170017021 °−∠=+−−=°∠−°∠=− j~~
ss VV  

( ) ( ) V90294147851478512017012017032 °∠=−−−+−=°−∠−°∠=− jj~~
ss VV  

Ω8118380350171047021 °∠=++=+ ....j.ZZ  

Ω4787417135032 °−∠=−=+ ...j.ZZ  
Therefore, the current through Z1 is: 

A841293
2714161
91129415

01230666461
901034108512

4787410350
03508118380
47874190294

035030294

322

221

3232

221

1

°−∠=
°−∠
°−∠=

°∠−°−∠
°∠+°−∠=

°−∠°∠−
°∠−°∠
°−∠°∠

°∠−°−∠

=

+−
−+

+−
−−

=

.
..
..

...
.

...
...

..
.

ZZZ
ZZZ

ZZ~~
Z~~

~ ss

ss

VV
VV

I
 

b) Choose the ground at the center of the three voltage source, and let a be the center of the three loads.  
The voltage between the node a and the ground is unknown. 
Applying KCL at the node a: 

0
3

3

2

2

1

1 =−+−+−
Z

~~

Z

~~

Z

~~
sasasa VVVVVV

 

Rearranging the equation: 

V558963
21744

357303
905900862202
33010012048620340

9071
1

10350
1

2050
1

9071
120170

10350
120170

2050
0170

111
321

3

3

2

2

1

1

°∠=
°−∠

°∠=
°∠+°∠+°−∠

°∠+°∠+°−∠=

°−∠
+

°∠
+

°∠

°−∠
°−∠+

°∠
°∠+

°∠
°∠

=
++

++
=

..
..

.
..

...

...

ZZZ

Z

~

Z

~

Z

~

~
sss

a

VVV

V
 

Applying KVL, the current through Z1 is: 
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A841293
2050

55896301700
1

1
1111 °−∠=

°∠
°∠−°∠=−=�=−− .

.
..

Z

~~~Z~~~ as
sa

VVIIVV  

c) Superposition is not the method of choice for its great complexity. 
______________________________________________________________________________________ 

Problem 7.53 

Solution: 
Known quantities: 
Circuit shown in Figure P7.13, the voltage sources, ( ) ( )V1701 ωtcostv = , 

( ) ( )V1201702 °+= ωtcostv , ( ) ( )V1201703 °−= ωtcostv , and the impedances, Ω100=R , 
µF470.C = , mH100=L , the frequency, Hz400=f . 

Find: 
The current through R. 
Analysis: 
For each impedance: 

Ω0100Ω1001 °∠==Z  

Ω906846Ω6846
2

11
2 °−∠=−=

⋅
−=

ω
−= ..j

Cπf
j

C
jZ  

Ω903251Ω325123 °∠==⋅−== ..jLπfjjωωZ  
Applying KVL in the upper mesh: 

( ) ( ) ( ) 21222112211112 0 VVIIIIIVV ~~Z~ZZ~Z~~Z~~~ −=−++�=−++−  
Applying KVL in the lower mesh: 

( ) ( ) ( ) 32322213221223 0 VVIIIIIVV ~~ZZ~Z~Z~Z~~~~ −=++−�=+−+−  
For each mesh equation: 

( ) V3029414785170120170017021 °−∠=+−−=°∠−°∠=− j~~ VV  

( ) ( ) V90294147851478512017012017032 °∠=−−−+−=°−∠−°∠=− jj~~ VV  

Ω3835852684610021 °−∠=−=+ ...jZZ  

Ω9035953251684632 °−∠=+−=+ ..j.jZZ  
Therefore, the current through R is: 

A6270031
6158220
2434221

1801077163173105507
0109248120100175

903595906846
9068463835852

90359590294
90684630294

33

33

322

221

3232

221

1

°−∠=
°−∠
°−∠=

°−∠⋅−°−∠⋅
°∠⋅+°−∠⋅=

−∠−∠−
−∠−−∠

°−∠°∠
°−∠−°−∠

=

+−
−+

+−
−−

=

..
..
..

...
..

..
...

.
.

ZZZ
ZZZ

ZZ~~
Z~~

~

oo

oo

VV
VV

I

 

______________________________________________________________________________________ 
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Problem 7.54 

Solution: 
Known quantities: 
Circuit shown in Figure P7.54, the voltage sources, ( ) ( )V1701 ωtcostvs = , 

( ) ( )V1201702 °+= ωtcostvs , ( ) ( )V1201703 °−= ωtcostvs , and the impedances, 

Ω031 °∠=Z , Ω9072 °∠=Z , Ω1103 jZ −= , the frequency, Hz60=f . 

Find: 
The currents, 321 III ~,~,~

. 

Analysis: 
Applying KVL in the upper mesh: 

01112 =+− Z~~~
ss IVV  

A30198
03

30294
03

1201700170

1

21
1 °−∠=

°∠
°−∠=

°∠
°∠−°∠=−= .

Z

~~~ ss VVI  

Applying KVL in the right-side mesh: 

02213 =+− Z~~~
ss IVV  

A60142
907
30294

907
1201700170

2

31
2 °−∠=

°∠
°∠=

°∠
°−∠−°∠=−= .

Z

~~~ ss VVI  

Applying KVL in the lower mesh: 

03323 =+− Z~~~
ss IVV  

A180826
9011
90294

9011
120170120170

3

32
3 °−∠=

°−∠
°∠=

°−∠
°−∠−°∠=−= .

Z

~~~ ss VVI  

______________________________________________________________________________________ 

Problem 7.55 

Solution: 
Known quantities: 
Circuit shown in Figure P7.55, the voltage sources, V30416 °−∠=RW

~V , V210416 °∠=WB
~V , 

V90416 °∠=BR
~V , and the impedances, Ω40321 === RRR , mH5321 === LLL . The 

frequency of each of the sources, Hz60=f . 

Find: 
The currents, NRBW

~,~,~,~ IIII . 

Analysis: 
The line voltages are: 

V30416 °−∠=RW
~V , V210416 °∠=WB

~V , V90416∠=BR
~V  

The phase voltages are: 

V0240 °∠=R
~V , V120240 °∠=W

~V , V120240 °−∠=B
~V  

The currents are: 
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A726
10537740

0240
2 3

11111
°−∠=

⋅⋅+
°∠=

+
=

+
== − .

jπLjR

~

jωωR

~

Z

~~ RRR
R

VVVI  

A31176
10537740

120240
3

2
°∠=

⋅⋅+
°∠== − .

jZ

~~ W
W

VI  

A71226
10537740

120240
3

3
°−∠=

⋅⋅+
°−∠== − .

jZ

~~ B
B

VI  

0=++= BWRN
~~~~ IIII  

______________________________________________________________________________________ 
Problem 7.56 

Solution: 
Known quantities: 
Circuit shown in Figure P7.54, the voltage sources, V30416 °−∠=RW

~V , V210416 °∠=WB
~V , 

V90416 °∠=BR
~V , and the impedances, Ω40321 === RRR , mH5321 === LLL . The 

frequency of each of the sources, Hz60=f . 

Find: 
a) The power delivered to the motor. 
b) The motor's power factor. 
c) The reason for which it is common in industrial practice not to connect the ground lead to motors of 

this type. 
Analysis: 
a) The power delivered to the motor is: 

( ) ( ) W431572624033 =°−⋅⋅⋅== .cosθcosI~V~P RR  
b) The motor's power factor is: 

( ) Lagging9988072 ..cospf =°−=  
c) The circuit is balanced and no neutral current flows; thus the connection is unnecessary. 
______________________________________________________________________________________ 

Problem 7.57 

Solution: 
Known quantities: 
A three-phase induction motor designed not only for Y connection operation in general but also for ∆ 
connection at the nominal Y voltage for a short time operation. 
Find: 
The ratio between the powers. 
Analysis: 
The power for Y connection operation is: 

YYYMOTOR linelineline
line

linephaseY
~~~~~~P IVIVIV ⋅⋅=⋅⋅=⋅⋅= 3

3
33  

The power for ∆ connection operation is: 
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Ylineline
phase

phase
line

phase

line
linephaseline

P~~
Z

~
~

Z

~~~~P

Y

MOTOR

MOTOR

MOTOR

MOTOR

⋅=⋅⋅⋅=⋅⋅⋅=

⋅⋅=⋅⋅=∆

33333

33

IV
V

V

VVIV

 

Therefore, the ratio between the powers is: 

3== ∆

YP
PRatio  

______________________________________________________________________________________ 
Problem 7.58 

Solution: 
Known quantities: 
Circuit shown in Figure P7.58, the voltage sources, V0120 °∠=R

~V , V120120 °∠=W
~V , 

V240120 °∠=B
~V , and the impedances, Ω5321 === RRR , Ω6

321
=== LLL XXX  of the 

motor. 
Find: 
a) The total power supplied to the motor. 
b) The power converted to mechanical energy if the motor is 80% efficient. 
c) The power factor. 
d) The risk for the company to face a power factor penalty if all the motors in the factory are similar to 

this one. 
Analysis: 
a) By virtue of the symmetry of the circuit, we can solve the problem by considering just one phase. 

The current R
~I  is: 

A19503615
65
0120

11
°−∠=

+
°∠=

+
= ..

jjXR

~~ R
R

VI  

The total power supplied to the motor is: 

( ) ( ) W335411950361512033 ..cos.θcosI~V~P RR =°⋅⋅⋅==  
b) The mechanical power is: 

W23283280 .P.Pm ==  
c) The power factor is: 

( ) 640.θcospf ==  
d) The company will face a 25% penalty. 
______________________________________________________________________________________ 

Problem 7.59 

Solution: 
Known quantities: 
The voltage source at 220 V rms of a residential four-wire system supplying power to the single-phase 
appliances; ten 75-W bulbs on the 1st phase, one 750-W vacuum cleaner with pf = 0.87 on the 2nd phase, ten 
40-W lamps with pf = 0.64 on the 3rd phase. 
Find: 
a) The current in the neutral wire. 
b) The real, reactive, and apparent power for each phase. 
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Analysis: 
a) The current in the neutral wire is: 

A043
380

751033 ∠=⋅⋅=⋅== .~
P

~
P~

line

A

phase

A
A VV

I  

( ) A95143A150923
870380

75033 .j..
.θcos~

P
~

P~
line

B

phase

B
B −−=°−∠=

⋅
⋅=

⋅
⋅==

VV
I  

( ) A632950A29082
640380
401033 .j..

.θcos~
P

~
P~

line

C

phase

C
C +=°−∠=

⋅
⋅⋅=

⋅
⋅==

VV
I  

A161A680950 .I~.j.~~~~
NCBAN =�−=++= IIII  

b) The real, reactive, and apparent powers for the 1st phase are: 
0W750 === AAA Q,PS  

The real, reactive, and apparent powers for the 2nd phase are: 

( ) ( ) VAR431VA862
870

750W750 =⋅===== BBB
B

B
BB θsinSQ,

.θcos
PS,P  

The real, reactive, and apparent powers for the 3rd phase are: 

( ) ( ) VAR478VA625
640

400W400 =⋅===== CCC
C

C
CC θsinSQ,

.θcos
PS,P  

______________________________________________________________________________________ 


	Chapter 7 Instructor Notes
	Problem 7.1
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.2
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.3
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.4
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.5
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.6
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.7
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.8
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.9
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.10
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.11
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.12
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.13
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.14
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.15
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.16
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.17
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.18
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.19
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.20
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.21
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.22
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.23
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.24
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.25
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.26
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.27
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 7.28
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 7.29
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.30
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.31
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.32
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.33
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.34
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.35
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.36
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.37
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.38
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.39
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.40
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.41
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.42
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.43
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.44
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.45
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.46
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.47
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.48
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.49
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.50
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.51
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.52
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.53
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.54
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.55
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.56
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.57
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.58
	Solution:
	Known quantities:
	Find:
	Analysis:


	Problem 7.59
	Solution:
	Known quantities:
	Find:
	Analysis:



