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OO /GO -Oxxaaeaa /2303

P Polar [ENTER) 20.00E0 £ 70.00E0

FIG. 14.62
Performing the operation (10 £50°)(2 £20°).

form even though both quantities in the calculation are in polar form. In
the rest of the examples, the scrolling required to obtain mathematical
functions is not included to minimize the length of the sequence.

For the product of mixed complex numbers, the sequence of
Fig. 14.63 results. Again, the polar form was selected for the solution.

OG/GEEMODaoEamam=a:ios

P Polar ESTER 14.14E0 £ 98.10E0

FIG. 14.63
Performing the operation (5 £.53.1°)(2 + j2).

Finally, Example 14.26(c) is entered as shown by the sequence in
Fig. 14.64. Note that the results exactly match those obtained earlier.

AE/A-ODfaRZIaraciracns:na
EICOCEI -3 )T P Polar ETER ETE 2.00E0 £ 130.0E0

HG. 14.64
Verifying the results of Example 14.26{(c).

14.11 PHASORS

As noted earlier in this chapter, the addition of sinusoidal voltages and
currents is frequently required in the analysis of ac circuits. One lengthy
but valid method of performing this operation is to place both sinusoidal
waveforms on the same set of axes and add algebraically the magnitudes
of each at every point along the abscissa, as shown for ¢c = a + b in
Fig. 14.65. This, however, can be a long and tedious process with limited

FIG. 14.65
Adding two sinusoidal waveforms on a point-by-point basis.
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accuracy. A shorter method uses the rotating radius vector first appear-
ing in Fig. 13.16. This radius vector, having a constant magnitude
(length) with one end fixed at the origin, is called a phasor when applied
to electric circuits.

Because of the importance of the discussion to follow and the bene-
fits it will provide in your future analysis, it is strongly suggested that
you return to Section 13.4 and carefully review how the rotating vector
of fixed magnitude can generate a sinusoidal waveform at a frequency
determined by the speed of rotation of the vector. If the two sinusoidal
voltages to be added are in phase, as shown in Fig. 14.66(a), the radius
vectors representing each appear on the positive axis at zero degrees
because the vertical projection of each at that instant is zero, as shown in
Fig. 14.66(b). Note also that the length of each phasor representation is
the same as the peak value in Fig. 14.66(a). It should be clear from
Fig. 14.66(a) that when the sinusoidal voltages are in phase the sum is
simply the sum of the peak values of each as verified in Fig. 14.66(b). In
general, therefore,

the addition (or subtraction) of two sinusoidal voltages of the same
Jrequency and phase angle is simply the sum (or difference) of the
peak values of each with the sum (or difference) having the same
phase angle.

vy =2 sin wt =5sin J
v(V) v,_—3sinwtvr o
5F—- - _
/v-\/ o 2% V=2V L0° V=3V .0°
34— b e A
2 \ / \\ \'—SV—j"
) P _:.| = = &
x TN 3 7 3, 3% u 0 -2V s

ng 05)2 T 2T NV,=5V20°

\ / SV

e
@ ®)
HG. 14.66

Finding the sum of two sinusoidal waveforms with the same frequency and phase angle.

If the waveforms do not have the same phase angle, a summation of
waveforms must be performed as indicated in Fig. 14.65 or using the
approach to be described in this section.

Consider the addition of the two sinusoidal voltages of Fig. 14.67(a)
out of phase by 90°. The peak value of one is 2 V and the otheris 4 V, as
shown in Fig. 14.67(a) and in the phasor representation of Fig. 14.67(b).
Att = 0s (0 = 0°) the rotating vector of one is passing through the
horizontal axis at zero degrees while the other is at its peak value due to
the 90° phase shift. If we add the two waveforms of Fig. 14.67(a) on a
point-to-point basis, the dashed blue sinusoidal waveform shown in the
same figure would result. Note at @8 = 0°¢ = Os) that vy = v, = 4V
since v; = OV and at § = /2 that v, = v; = 2V since v, = 0V.
The peak value will turn out to be close to 4.1 V at a phase angle of
about 76°. It is difficult when adding waveforms to obtain a high level of
accuracy unless the graphs are quite large and very carefully drawn.
Now, if we look at the phasor diagram and simply find the hypotenuse
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HG. 14.67
Finding the sum of two sinusoidal waveforms that are out of phase.

of the triangle formed by the two vectors, we find that the magnitude of
the projection is also 4.12 V—wonderful. A solution has been found for
finding the sum of two sinusoidal waveforms that are not in phase. Sim-
ply draw a snapshot of the rotating vectors at 8 = 0°(¢ = 0s) and find
the sum of the two vectors. A closer examination of Fig. 14.67(b) also
reveals that the phase angle associated with the resultant waveform leads
the voltage by 63.43°. In other words, using the phasor diagram we can
calculate both the magnitude and phase angle of the sinusoidal wave-
form representing the sum of the two waveforms. In addition, note the
high level of accuracy obtained with a vector addition compared to the
artistic approach.

If we now return to Fig. 14.67(b), the phasors representing each sinu-
soidal waveform can be written as

Vi =2V 40P and V, =4V £9%°
Their vector sum then becomes the following using the vector alge-
bra introduced in the previous section. That is,
Ve=Vi+ % =2V2L0°+4V £L90°

=2V +j4V

= 447V £6343°
The result can then be written in the sinusoidal time domain format:

vr = 447 sin{wt + 63.43°)

If the sinusoidal voltages to be added have different peaks and phase
angles, the required calculations are a bit more complex but not exten-
sively so. The next few examples will demonstrate the power of the con-
clusions just introduced.

EXAMPLE 1427 Find the sum of the following sinusoidal functions
Til = 5 sin(wt + 30°)
i, = 6sin(wt + 60°)
a. Using a graphical approach

b. Using a phasor approach
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Solutions:

a. The two waveforms and the resultant sum appear in Fig. 14.68. It
was obviously a tedious process to add the two waveforms with this
approach. Take note that the position of each vector generating the
waveforms shown is a snapshot of their position at @ = 0°(z = 0s).
The sum of the two waveforms is obviously a vector addition of the
two waveforms as shown to the left of Fig. 14.68.

b. In phasor form:

i, = 5sin(wt + 30°) =5 A £30°
iy = 6sin(wt + 60°)=>6A £60°
L=L+L
=5A/30°+ 6A L60°
= (@33A +j25A) + BA +j52A)
=733A+j17A
= 10.63A £4641°

W——‘M =T0.63 sm(ex + 46.41°) \as obtained graphically.

'Y

10.6V Ly

i =iy + iy = 10,63 sin(wt + 46.41°)

0r=4641° i =5 sin(wt + 30°)

01=30°

Zommy B\
\

@

02=60o/ 0:1:\300 Z;Os) )\\\ wt

iy = 6 sin{wt + 60°)
®)

HG. 14.68
Example 14.27

Since the rms, rather than the peak, values are used almost exclu-
sively in the analysis of ac circuits, the phasor will now be redefined for
the purposes of practicality and uniformity as having a magnitude equal
to the rms value of the sine wave it represents. The angle associated
with the phasor will remain as previously described—the phase angle.

In general, for all of the analyses to follow, the phasor form of a sinu-
soidal voltage or current will be

V=V/0 and 1I=1,0

where V and I are rms values and @ is the phase angle. It should be
pointed out that in phasor notation, the sine wave is always the refer-

ence, and the frequency is not represented.
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EXAMPLE 14.28 Convert the following from the time to the phasor

Time Domain Phasor Domain

a. V2(50) sin wt 50 £0°

b. 69.6 sin(wt + 72°) (0.707)(69.6) L72° = 49.21 £72°
c. 45 cos wt (0.707)(45) £90° = 31.82 L90°

EXAMPLE 14.29 Write the sinusoidal expression for the following
phasors if the frequency is 60 Hz:

Phasor Domain
a I =10 430°

Time Domain
i = V2(10) sin(2#60¢ + 30°)
and i = 1414 sin(377¢ + 30°)

v = V2(115) sin(377¢ — 70°)
and v = 162.6sin(377¢t — 70°)

b.V =115 £-70°

EXAMPLE 14.30 Find the input voltage of the circuit in Fig. 14.70 if

v, = 50sin(377¢ + 30")}
= 60 Hz
v, = 30sin(377¢ + 60°) =00
+ v, —
+0 +
€in [i73
—_— O —_—
FIG. 14.70
Fxample 14.30.

Solution: Applying Kirchhoff’s voltage law, we have
ey =v, T v
Converting from the time to the phasor domain yields

v, = 505in(377¢ + 309 =V, = 3535V £30°
vy = 30sin(377¢ + 60°)=V, = 2121V £60°

Converting from polar to rectangular form for addition yields

V, = 3535V £30° = 3061V + j17.68 V
V, = 2121V 260° = 1061V + j1837V

www . pdfiobby.com
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FIG. 14.69
Charles Proteus Steinmetz.
Bain News Service/George
Grantham Bain Collection/Library
of Congress

d

German-American (Breslau, Germany; Yonkers
and Schenectady, NY, USA)

(1865-1923)

Mathematician, Scientist, Engineer, Inventor,
Professor of Electrical Engineering and
Electrophysics, Union College

Department Head, General Electric Co.

Although the holder of some 200 patents and recog-
nized worldwide for his contributions to the study of
hysteresis losses and electrical transients, Charles
Proteus Steinmetz is best recognized for his contribu-
tion to the study of ac networks. His “Symbolic
Method of Alternating-current Calculations™ pro-
vided an approach to the analysis of ac networks that
removed a great deal of the confusion and frustration
experienced by engineers of that day as they made
the transition from dc to ac systems. His approach
(on which the phasor notation of this text is prem-
ised) permitted a direct analysis of ac systems using
many of the theorems and methods of analysis devel-
oped for dc systems. In 1897 he authored the epic
work Theory and Calculation of Alternating Current
Phenomena, which became the authoritative guide
for practicing engineers. Dr. Steinmetz was fondly
referred to as “The Doctor” at General Electric Com-
pany where he worked for some 30 years in a number
of important capacities. His recognition as a mul-
tigifted genius is supported by the fact that he main-
tained active friendships with such individuals as
Albert Einstein, Guglielmo Marconi, and Thomas A.
Edison, to name just a few. He was President of the
American Institute of Electrical Engineers (AIEE)
and the National Association of Corporation Schools
and actively supported his local community (Sche-
nectady) as president of the Board of Education and
the Commission on Parks and City Planning.
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E,=V,+V,=(3061V +;17.68V) + (1061V + j1837V)
=4122V +j36.05V
Converting from rectangular to polar form, we have
E,=4122V + j36.05V = 5476 V £41.17°
Converting from the phasor to the time domain, we obtain

B = 5476 V L41.17° = e = V2(54.76)sin(377¢ + 41.17°)
and e = T1.43sm(377t + 41.17°)

A plot of the three waveforms is shown in Fig. 14.71. Note that at
each instant of time, the sum of the two waveforms does in fact add up
to e;,. Att = {wt = 0), e, is the sum of the two positive values, while
at a value of wt, almost midway between 7/2 and 7, the sum of the
positive value of v, and the negative value of v results in ¢;, = 0.

I

|
N

30°
41.17°)
60°%—>

HG. 14.71
Solution to Example 14.30.

EXAMPLE 14.31 Determine the current #, for the network in Fig. 14.72.

iy = 80 X 10-3y/>'1 -
[

iy = 120 xﬁfy\u@

HG. 14.72
Example 14.31.
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Solution: Applying Kirchhoffs current law, we obtain
r=h+h o bh=ir—i
Converting from the time to the phasor domain yields
i = %.ng 1073 sin(wt + 607)=>84.84 mA £60°
i = 80 X 1073 sin ot => 56.56 mA £0°
Converting from polar to rectangular form for subtraction yields
I = 84.84mA Z60° = 4242 mA + j73.47 mA
I, = 56.56 mA £0° = 56.56mA + j0

Then
11 - IT = Il
= (4242 mA + j 7347 mA) — (56.56 mA + j0)
and L = —14.14mA + j73.47 mA

Converting from rectangular to polar form, we have
i I, = 74.82 mA £100.89° )

Converting from the phasor to the time domain, we have
I, = 7482 mA £100.89° =
i = @74.82 X 107 3)sin(wt + 100.89°)
and i, = 105.8 X 1073 sin(wt + 100.89°)
B ————

A plot of the three waveforms appears in Fig. 14.73. The waveforms

clearly indicate that iy = i; + i,.

i(mA)
b =ir -
_‘ -
ir
120
105.8 Ul
80
3
2% 2
o° T
100.89°
FIG. 14.73
Solution to Example 14.31.
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14.12 COMPUTER ANALYSIS
PSpice

Capacitors and the ac Response The simplest of ac capacitive
circuits is now analyzed to introduce the process of setting up an ac
source and running an ac transient simulation. The ac source in Fig.
14.74 is obtained through Place part key-SOURCE-VSIN-OK. Change
the name or value of any parameter by double-clicking on the parameter
on the display. The peak value (VAMPL) of the source voltage is 5 V,
the frequency 1 kHz, and the phase angle zero degrees.

) OrCAD Capture CI - Lte - [/ - (SCHEMATICL :PAGEL)) AG_—_—_—— S |
IE Eile Design Edit Yiew Jools Place SlApalysis Macro PSpice Acu-ssonu_ Options  Window
Help cadence - = x
_u ™ = v c -8 5 - q
AR Q@ Hawt@ |
iscuemaTiCresoce < D QD AR A A0 O O
Ep:ov.e 14-1* IE PAGEL* ] T.Eu"a.m{”
‘ ‘ - IN#l s
H=1
: el
+ R o
VOFF = 0V Vs | G e
VAMPL = 5V -\ C == 68uF -
FREQ=1kHz .7/ TR
PHASE =0 X R
% "% %
0
J « m »
0 items selected Scale=200% X=290 Y=050
HG. 14.74

Using PSpice to analyze the response of a capaciior to a sinusoidal ac signal.

The simulation process is initiated by selecting the New Simulation
Profile. Under New Simulation, enter PSpice 14-1 for the Name fol-
lowed by Create. The result will be a blinking Simulation Setting-
PSpice 14-1 dialog box at the bottom of the window that can be
deposited on the screen by simply clicking on the dialog box. In the
Simulation Settings dialog box, select Analysis and choose Time
Domain(Transient) under Analysis type. Set the Rum to time at 3 ms
to permit a display of three cycles of the sinusoidal waveforms
(T = 1/f = 1/1000 Hz = 1 ms). Leave the Start saving data after at
0 5, and set the Maximum step size at 3 ms/1000 = 3 us. Clicking OK
and then selecting the Run PSpice icon results in a SCHEMATIC1-
PSpice 14-1 dialog box at the bottom of the window that can be depos-
ited on the screen by simply clicking on the dialog box. The resulting
plot has a horizontal axis that extends from ( to 3ms.

Now you must tell the computer which waveforms you are interested
in. First, take a look at the applied ac source by selecting Trace-Add
Trace-V(Vs: +) followed by OK. The result is the sweeping ac voltage
in the bottom region of the screen in Fig. 14.75. Note that it has a peak
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file fdt Yew Smdation Jrace Piot Tgols Window Help K cadence

| [Position cursor st the nest data pot Times J000E-03 100% s BN |

FIG. 14.75
A plot of the voltage, current, and power for the capacitor in Fig. 14.74.

value of 5 V, and three cycles appear in the 3 ms time frame. The current
for the capacitor can be added by selecting Trace-Add Trace and
choosing I(C) followed by OK. The resulting waveform for I(C) appears
at a 90° phase shift from the applied voltage, with the current leading the
voltage (the current has already peaked as the voltage crosses the 0 V
axis). Since the peak value of each plot is in the same magnitude range,
the 5 appearing on the vertical scale can be used for both. A theoretical
analysis results in Xo = 2.34 (), and the peak value of I = EfX.=
5V/2.34 = 2.136 A, as shown in Fig. 14.75.

For practice, let us obtain the curve for the power delivered to the
capacitor over the same time period. First select Plot-Add Plot to
Window-Trace-Add Trace to obtain the Add Traces dialog box.
Select W(C) followed by OK and the top plot of Fig. 14.75 will appear
showing that over time the net power delivered is zero (the average
value). The power to the capacitor can also be found by first choosing
V(Vs: +) followed by * from the Function listing on the right side of
the Add Traces dialog box and then I(C). The result is the expression
V(Vs: +)*I(C) of the power format: p = vi. Click OK, and the power
plot at the top of Fig. 14.75 appears. Note that over the full three cycles,
the area above the axis equals the area below—there is no net transfer of
power over the 3 ms period. Note also that the power curve is sinusoidal
(which is quite interesting) with a frequency twice that of the applied
signal. Using the cursor control, we can determine that the maximum
power (peak value of the sinusoidal waveform) is 5.34 W. The cursors,
in fact, have been added to the lower curves to show the peak value of
the applied sinusoid and the resulting current.

After selecting the Toggle cursor icon, left-click to surround the
symbol to the left of V(Vs:+) at the bottom of the plot with a dashed
line to establish that the cursor is providing the levels of that quantity.
Then a left-click on the plot will establish the cursor option. When
placed at ¥, of the total period (250 us), the peak value is approximately
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5 V (Yy) as shown in the Probe Cursor dialog box. Placing the cursor
over the symbol next to I(C) at the bottom of the plot and right-clicking
assigns the right cursor to the current. Placing it at exactly 1 ms (Y2)
results in a peak value of 2.136 A to match the solution above. To fur-
ther distinguish between the voltage and current waveforms, the color
and the width of the lines of the traces were changed. With the Toggle
cursor key disabled, place the cursor right on the plot line and right-
click. The Properties option appears. When Properties is selected, a
Trace Properties dialog box appears in which the yellow color can be
selected and the width widened to improve the visibility on the black
background. Note that yellow was chosen for Vs and green for I(C).
Note also that the axis and the grid have been changed to a more visible
color using the same procedure.

Multisim

Since PSpice reviewed the response of a capacitive element to an ac
voltage, Multisim repeats the analysis for an inductive element. The ac
voltage source was derived from the Place Source parts bin as
described in Chapter 13 with the values appearing in Fig. 14.76 set in
the AC-Voltage dialog box.

- 1 Mokisim - 11 SR Lo | S |
[P file fdt Yiew Place MCU Smulste Transfer Tools Reports Options Window Help @
| DSl 8R READE -8 S —piewm- - Jaon- O9P (a0l
v P B JwDlo=RYOWD § %S W)= g8 QeagE
- —
Grapher View gl B |
- R —= - . e
File Edit View Graph Trace Cursor Legend Tools Help e
sgRvxaeEDa ..~ @aad(a Ak DR = =
Transient Analysss | ~
L om 3 2 =
“ ICw0A Multisim14-1 =
g Transient Analysis -
10Vpk ry V¥ -
Mz Ny 5 500m h -
: . %,n -
10 -
t 250m ..
| - % =
= 2 S5 ™ £ Q -
& 0 ! A\ 5\ f 0 3 -
£ P f : 2
‘(mr . = 8 bg 5 X o hact
) 1(Vs) -
250m [ | =
10 a
x1 101.0036m b
v1 223.1094m 15 -500m P
r; 15'1;2;3:‘: s 100m 101m 102m 103m 104m 105m
ax 239.7869m .78 Time (s) i
oy 9.7627 4.7585m W g _ Ly
dy/dx 0.7141k 645.4004 ,
[27ax 4.1704k 4.1704k || elected Traced(VS) | Selected Cursor: 2
— e Y
| B Multisim4-1 * o 5
[For Help, press F1 Tean: 0105 5

FIG. 14.76

Using Multisim to review the response of an inductive element

to a sinusoidal ac signal.

Once the circuit has been constructed, the sequence Simulate-
Analyses-Transient Analysis results in a Transient Analysis dialog
box. Select Analysis parameters and set Start Time to 0 s and End
Time to 105 ms using 0.105 s or 105E-3 s. Then select Analysis options
and set maximum number of points to 10,000 to ensure a good display
for the rapidly changing waveform. The 105 ms was set as the End
Time to give the network 100 ms to settle down in its steady-state mode
and 5 ms for five cycles in the output display.
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Next the Output heading was chosen within the dialog box, and the
source voltage V(1) and source current I(VS) were moved from the
Variables in Circuit to Selected variables for analysis using the Add
option. Choosing Simulate results in a waveform that extends from 0 s
to 105 ms. Even though we plan to save only the response that occurs
after 100 ms, the computer is unaware of our interest, and it plots the
response for the entire period. This is corrected by selecting Trace-
Trace Properties to obtain the Graph Properties dialog box. Selecting
Bottom Axis permits setting the Range from a Minimum of
0.100s = 100 ms to a Maximum of 0.105s = 105 ms. Click OK,
and the time period of Fig. 14.76 is displayed. The grid structure is
added by selecting the Show Grid keypad, and the color associated with
each curve is displayed if we choose Legend-Show Legend.

It is clear from the plot that the scale for the source current has to be
improved for us to be able to clearly read its peak and negative values.
This is done by first clicking on the I(VS) curve to set the Selected
Trace at the bottom of the graph as I(VS). A right click, and one can
choose the Properties option to obtain the Graph Properties dialog
box. Under Traces, select Right axis under Y-vertical axis. Then
select Right Axis to establish the right axis as the scale to be used for
the source current. Insert the Label: Current(A), select Enabled under
the Axis heading, and finally choose Pen Size as 1. The Scale is Linear
and of range —0.5 t0 0.5 (—500 mA to 500 mA), with Total Ticks of 8
and Mimnor Ticks of 2. The result is the plot of Fig. 14.76. The right
axis can now be improved by selecting Graph Properties again, fol-
lowed by Left Axis, whereby the Current(A) can be deleted. We can
now see that the source current has a peak value of about 160 mA. For
more detail on the waveforms, select Cursor-Show Cursors to obtain
the Transient Analysis dialog box with box V(1) and I(VS) listed with
the same color headings as used on the graph. Clicking on one of the
cursors and moving it horizontally to the maximum value of the current
will result in x1 = 101.0 ms with y1 at 158.88 mA. Actually, the max y
appears below at 159.07 mA, which could have been obtained if we had
increased the number of data points. Moving the other cursor to find the
minimum value of current will result in x2 = 101.24 ms with y2 at
4.1 mA (the closest to the level of 0 mA obtainable with this data level
setting). The maximum value of V(1) appears below as 9.986 V = 10V
(at x1 = 101 ms), which it should be, and the distance between the
maximum value of I(VS) and the its minimum value is dx = 239.79 us,
which is very close to 0.25 ms, or one fourth of the period of the applied

signal.

PROBLEMS 2. Repeat Problem 1 for the following sinusoidal function, and
compare results. In particular, determine the frequency of

SECTION 14.1 Introduction the waveforms of Problems 1 and 2, and compare the mag-

1. Plot the following waveform versus time showing one mindeiakthe deeyative
clear, complete cycle. Then determine the derivative of the » = 10sin 377¢
waveform using Eq. (14.1), and sketch one complete cycle ) L o
of the derivative directly under the original waveform. 3. What is the‘)dmvatlve of each of the following sinusoidal
Compare the magnitude of the derivative at various points CXPISHSIONS -

versus the slope of the original sinusoidal function. a. 10sin377¢ b. 20 sin(400r + 60°)
¢ V220sin(157¢ — 20°) d. —200sin(z + 180°)
v = 45in 62.8¢
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SECTION 14.2 Response of Basic B, L, and C 14. Determine the closest standard value capacitance that has a
Elements to a Sinusoidal Voltage or Current reactance of
a. 75l atf = 250 Hz.
The voltage across @ resistor is as indicated. Find the 2.2kﬂ{t36kHz.
sinusoidal expression for the current. In addition, sketch the a . )
v and i sinusoidal waveforms on the same axis. Determine the frequency at which a yapacitor has
a. 160 sin 100¢ the follo capacitive reactances:
b. 60 sin(2000¢ + 45%) \/ - b. 601:00
d. —12sin(wr + 40°) 16. The voltage across a 2.5 {} capacitive reactance is given.
PP P ‘What is the sinusoidal expression for the current? Sketch
current throu, 7.8k tor indicated. Find
thee' idal @;ﬁmﬁ lsIa:addition, ]Llh the » and i sinusoidal waveforms on the same set of axes.
the v and { sinusoidal wave: on the same axis. S IZOsm:n;t-
b. 5 X 1073 sin(600: — 120°) 17. The voltage across a 1 uF capacitor is given. What is the
6. Determine the inductive reactance (in ohms) of a 3 mH coil sttpacadal e presmion for e cumont!
for a. 30 sin 250¢
a do b. 90 X 1073 sin377¢
- e : ent through a 2 k() capacitive reactance is given.
and for the following frequencies:
e eles frite the sinusoidal expression for the voltage. Sketch the

v and i sinusoidal waveforms on the same set of axes.
a i=50X103sinwt

b. i =2 X 107%sin(wt + 60°)
ine the closest standard value that has a TI{-’\'EEtough oon 7
T 19. The current a 0.50 uF capacitor is given. What is
. a 25kQatf= 12.47kHz. the smuso_ldalexpr&smonfmﬂlevolmge?
b. 45k atf = 5.8 kHz 8. (120 51 500¢
8. ineiffie ik - b. 5 X 107°sin(377¢ — 45°)
the fo]lov:in g in dncul'veczeact:ncm°a . For the following pairs of voltages and currents, indicate
: whether the element involved is a capacitor, an inductor, or

c. 8kHz
1.4 MHz

10Q
; 40“1 a resistor, and find the value of C, L, or R if sufficient data
12k0 are given: . . \
c' i 5 e—a v=ssosmamn+ 59 OV D O .-9')09 )
9. The current through a 20 {2 inductive reactance is given. i = 11sin(377¢ — 40°) s
What is the sinusoidal expression for the voltage? Sketch b, v =36sin(754¢ — 80°) Z @ ’ -~ ,'90 ‘_) C
the v and i sinusoidal waveforms on the same axis. i = 45in(754¢ — 170°) 9V ¢
a. i =25 X 107 sin 200¢ = ; Y Y]
. : ¢ v = 105 sin(wt — 13°)® 9 - w\*, .,R
i = 40 X 1073 sin(ewt + 60°) &t— i = 1.5 sin(or — 13°) 4 N = 0(' ]

j = —6 sin(wt —
ke sin( 30) #21. Repeat Problem 20 for the following pairs of voltages and

'I‘I{ecm'rentthfoughaO.ISHcoi!’isgiven.Whatisthesinu- currents with @ = 157 rad/s.
sondalel-rpressx?for € VO ? a v = 2000 sin of
. a 153|n1_560:' i = Scoswt
+ b, 6 X107 5in(400¢ + 20°) b. v = 80sin(157¢ + 150°)
11. The voltage across a 40 {2 inductive reactance is given. i = 2sin(157¢ + 60°)
What is the sinusoidal expression for the current? Sketch ¢ v = 35sin(wt — 20°)
the v and i sinusoidal waveforms on the same set of axes. i = 7 cos(wt — 110°)
a. 120 sin wt
b. 30 sin(ewt + 20°) SECTION 14.3 Frequency Response
12, The voltage across a 0.25 H coil is given. What is the sinu- of the Basic Elements
soidal expression for the current? o
a. 2.5 sin 90¢ 22. Plot X; versus frequency for a 3 mH coil using a frequency
b. 16 X 1073 sin(20¢ + 5°) n range of zero to 100 kHz on a linear scale.
Determine the capacitive reactance (in ohms) of a 0.4 pF 23. Plot X versus frequency for a 1 uF capacitor using a fre-
anacitor for ‘ quency range of zero to 10 kHz on a linear scale.
w wae —) xa 22 2N 24. At what frequency will the reactance of a 1.5 uF capacitor
and for the following frequencies: o equal the resistance of a 2 k{ resistor?
b. 80 Hz g 09(% 25. The reactance of a coil equals the resistance of a 10 k{2
c. 25kHz w resistor at a frequency of 5 kHz. Determine the inductance

d. 25 of the coil.
t“’“’g
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26. Determine the frequency at which a 2 uF capacitor and an
80 mH inductor will have the same reactance.

27. Determine the capacitance required to establish a capacitive
reactance that will match that of a 2 mH coil at a frequency
of 60 kHz.

SECTION 14.4 Average Power and Power Factor

#28. Find the average power loss and power factor for each of
the circuits whose input current and voltage are as follows:
a. v = 60sin(wt + 30°)

i = 15 sin(wt + 60°)
b. v = —50sin{wt — 20°)
i = —2sin(wt — 20°)
¢ v = 50sin(wt + 80°)
i = 3 cos{wt — 20°)

d. v = 75sin(wt — 5°)
i = 0.08 sin(wt + 35°)

29. If the current through and voltage across an element are
i = 8sin(w¢ + 40°) and v = 56 sin(wt + 50°), respec-
tively, compute the power by I’R, (Viul./2) cos 0, and
VI cos 8, and compare answers.

30. A circuit dissipates 150 W (average power) at 200 V (effec-
tive input voltage) and 2.5 A (effective input current). What
is the power factor? Repeat if the power is 0 W; 500 W,

*31. The power factor of a circuit is 0.5 lagging. The power
delivered in watts is 600. If the input voltage is 60 sin(w¢ +
20°), find the sinusoidal expression for the input current.

32. InFig. 14.77, ¢ = 120 sin(2760¢ + 20°).

a. What is the sinusoidal expression for the current?

b. Find the power loss in the circuit.

¢. How long (in seconds) does it take the current to com-
plete six cycles?

HG. 14.77
Problem 32.
33. InFig. 14.78, ¢ = 240 sin(1500¢ + 45°).
a. Find the sinusoidal expression for i.
b. Find the average power loss by the inductor.

e
+
O g
HG. 14.78
Problem 33.

PROBLEMS 11| 667

34. InFig. 14.79,i = 20 X 1073 sin(27w600t — 30°).
a. Find the sinusoidal expression for e.
b. Find the average power loss in the capacitor.

,@ ZT=C=9%0pF

HG. 14.79
Problem 34.

or the network in Fig. 14.80 and the applied signal:

a. Determine the sinusoidal expressions for {; and i,.
b. Find the sinusoidal expression for i, by combining the
two parallel capacitors.

e@ C, 7N 2pF C, 7T~ 10 uF

= & = 120sin (10% + 60°)

HG. 14.80
Problem 35.

*36. For the network in Fig. 14.81 and the applied source:
a. Determine the sinusoidal expression for the source volt-

age v,
b. Find the sinusoidal expression for the currents i;
and i,.

i = 80 sin (10°% + 307)

lil l'z
-+
i, CT)::, L.gsomn g%lzomn

HG. 14.81
Problem 36.
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ON 14.8 Conversion between Forms
'Convert the following from rectangular to polar form:

a 4+j6 b. 3+;3
e 5+j15 d. 500 + j50
e. —1000 + j 2000 £ —02+j04

*38. Convert the following from rectangular to polar form:
a. —8—j16

+8 — ja

0.02 — j0.003

—6X 107 —j6 X 107

200 + j0.02

—1000 + j20
Convert the following from polar to rectangular form:
a. 6240° b. 12 /120°

d. 0.0064 /+200°

£ 5% 104 /-20°

Mo o F

8 X 107 /—220°
15 /+180°
£ 12/-899°

SECTION 149 Mathematical Operations
with Complex Numbers

41. Perform the following additions in rectangular form:
a (48 +j7.8)+ (46 +j0.6)
b. (242 +j7) + (38 +j44) + (04 + jO.7)
e X10¢+;75)+ (74X 107 —j9)
42, Perform the following subtractions in rectangular form:
a (88 +j62)— (5.6 +j56)
b. (197 +j243) — (—423 — j58)
¢ (—360+;70) — (—5—j6) + (105 — j72)
43. Perform the following operations with polar numbers, and
leave the answer in polar form:
a. 6£20° + 8 280
b. 42 2£45° + 62 £60° — 70 £120°
¢ 20 /—120° — 10 /—150° + 8 /—210° + 8 /+240°
44. Perform the following multiplications in rectangular form:
a 2+j3)6+;8
b. (7.8 +iD@A +j2)7 +j6)
c. (400 — j200)(—0.01 — jOSX—1 + j3)
45. Perform the following multiplications in polar form:
a. (2 260°)(@d £L—40°)
b. (6.9 £8°)(7.2 L—72°)
¢. (0.002 £120°)(0.5 £200°)(40 £ + 80°)
46. Perform the following divisions in polar form:
a. (42 L10°)/(7 L607)
b. (0.006 £120°)/(30 L+60°)
c. (4360 £L—20°)/(40 L—210°)
47. Perform the following divisions, and leave the answer in
rectangular form:
a @+j8/2+j2)
b. 8 +j42)/(—6 —j4)
c. (—4.5 — j6)/0.1 — j0.8)

a.
b.
c. 0.006 /—120°
d.
e

/o

*48. Perform the following operations, and express your answer
in rectangular form:
@+j3)+6-j9
B+ —2+j3)
8 £60°
(2 £0°) + (100 + j400)
(6 £20°)(120 £—40°)(3 + j8)
= 2/-30°
*49. Perform the following operations, and express your answer
in polar form:
(0.4 £60°Y%(300 £40°)
* 3+;9

* (o207 ) (e =)

*50. a. Determine a solution for x and y if
x+i5+G3x+jy)—j6=16L0°
b. Determine x if
(18 £20°)(x £—60°) = 38.64 — j25.72
#51. a. Determine a solution for x and y if
(Gx+j10)2 —jy) =90 —j70
b. Determine @ if

SECTION 14.11 Phasors

52. Express the following in phasor form:
a. V2(180)sin(wt + 40°)
b. V2(25 X 107%)sin(157t — 60°)
¢. 300 sin(wt — 120°)

#53. Express the following in phasor form:
a. 30sin(377¢ — 180°)
b. 6 X 107 cos wt
€ 5.6 X 1075 cos(754t — 40°)

54. Express the following phasor currents and voltages as sine
waves if the frequency is 60 Hz:
a. I=40A220°
b. V=120V 210°
e 1=28X1073%A 2-110°
6000
d Vv \/§VL 180°
55. For the system in Fig. 14.82, find the sinusoidal expression
for the unknown voltage v, if
&n = 605in(377¢ + 90°)
vy, = 20sin(377¢ — 45°)

@~ y

FIG. 14.82
Problem 55.
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56. For the system in Fig. 14.83, find the sinusoidal expression
for the unknown current #; if
i, = 30 X 107° sin(wt + 80°)
ip = 4 X 1078 sin(wt — 50°)

N

HG. 14.83
Problem 56.

57. Find the sinusoidal expression for the voltage v, for the sys-
tem in Fig. 14.84 if
&n = 120 sin(ewt + 30°)
v, = 30 sin(ewt + 60°)
v, = 40 sin(wt — 90°)

- 5

HG. 14.84
Problem 57.

#58. Find the sinusoidal expression for the current i, for the sys-
tem in Fig. 14.85 if
i, = 18 X 1073 5in(377¢ + 180°)
i, = 8 X 107%sin(377¢ + 90°)
i = 2%

— A

[v22

HG. 14.85
Problem 58.

GLOSSARY 11| 669

SECTION 14.12 Computer Analysis

PSpice or Multisim
59. Plot i, and v, versus time for the network in Fig. 14.74 for
two cycles if the frequency is 0.2 kHz.

60. Plot the magnitude and phase angle of the current i, versus
frequency (100 Hz to 100 kHz) for the network in Fig.
14.74,

*61. Plot the total impedance of the configuration in Fig.
14.24(a) versus frequency (100 kHz to 100 MHZz) for the
following parameter values: C = 0.1 uF, L, = 0.2 uH,
R, = 2M(}, and R, = 100 M{2. For what frequency range
is the capacitor “capacitive”?

GLOSSARY

Average or real power The power delivered to and dissipated
by the load over a full cycle.

Complex conjugate A complex number defined by simply
changing the sign of an imaginary component of a complex
number in the rectangular form.

Complex number A number that represents a point in a two-
dimensional plane located with reference to two distinct axes.
It defines a vector drawn from the origin to that point.

Derivative The instantaneous rate of change of a function with
respect to time or another variable.

Leading and lagging power factors An indication of whether a
network is primarily capacitive or inductive in nature, Lead-
ing power factors are associated with capacitive networks and
lagging power factors with inductive networks.

Phasor A radius vector that has a constant magnitude at a fixed
angle from the positive real axis and that represents a sinusoi-
dal voltage or current in the vector domain.

Phasor diagram A “snapshot” of the phasors that represent a
number of sinusoidal waveforms at ¢ = 0.

Polar form A method of defining a point in a complex plane
that includes a single magnitude to represent the distance
from the origin and an angle to reflect the counterclockwise
distance from the positive real axis.

Power factor (F,) An indication of how reactive or resistive an
electrical system is. The higher the power factor, the greater is
the resistive component.

Reactance The opposition of an inductor or a capacitor to the
flow of charge that results in the continual exchange of energy
between the circuit and magnetic field of an inductor or the
electric field of a capacitor.

Reciprocal A format defined by 1 divided by the complex number.

Rectangular form A method of defining a point in a complex
plane that includes the magnitude of the real component and
the magnitude of the imaginary component, the latter compo-
nent being defined by an associated letter j.

www . pdfiobby.com




