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Appendix A

Pints

CONVERSION FACTORS
To Convert from “To Multiply by
Brus Calorie-grams _ 251.996
Ergs 1.054 x 10'°
Foot-pounds 777.649
Hp-hours 0.000393
Joules 1054.35
Kilowatthours 0.000293
Wattseconds 1054.35
. Centimeters -.Angstmm units 1% 108
Feet . 0.0328
Inches - 0.3937
Meters 0.01
Miles (statute) 6.214 X 1078
) Millimeters 10
Gircular mils Square centimeters 5067 x 107¢
2 Square iriches 7.854 x 1077
Cubic inches Cubic centimeters 16.387
Gallons (U.S. liguid) 0.00433"
Cubic meteérs Cubic feet 35 3 15
Days | Hours 24
Minutes ~ 1440
Seconds 86,400
Dynes Gallons (U.S: liquid) 264.172
Newtons : 0.00001
Pounds 2248 X 1078
Electronvolts Ergs 1.60209 % 10712
Ergs Dyne centi melers 1.0 :
’ Electronvolts 6.242 % 10"
_Foot-pounds 7.376 X 1078
Joules 1x 107
 Kilowatthours 5777 X1
Feet Centimeters 3048
Meters 0.3048
Foot-candles Lumens/square foot 1.0
Lumens/square meter 10.764
Foot-pounds Dyne-centimeters 1.3558 % 107
o Ergs : 1.3558 x 107 *
* Horsepower-hours - 5.050 % 1077
Joules 1.3558
Newton-meters 1.3558
- Gallons (U.S. liquid) Cubic inches 231.
Liters 3.785
Ounces

128
8 "




*

Miles (statute)

To Cm fmm To Multiply by
G_nués ; Maxwells/square centimeter 1.0
U Lines/square centimeter 1.0
; ; Lines/square inch 6.4516
Gilbérts T Arpere-tums 0.7958
Grams Dynes 080).665
Qunees 0.0353
Pounds 0.0022
Horsepower ‘Brus/hour 2547.16
: Ergsfsecond 7.46 % 10°
- Foot-pyunds/secend 550.221
Joules/second - T46
] Waits & - 746
Hours Seconds 3600
Inches Angsirom units 2.54 % 10°
A Centimeters 2.54
" Feet 0.0833
Meters 0.0254
Toules Bius 0.000948
Ergs 3 1x 10
. Foot-pounds 0.7376
Horsepower-hours ,3.725 x-]O"?,
Kilowatthours 2777 % 1077
Wattseconds 1.0
Kilograms Dynes 980,665
Ournees 352
Pounds - 22 b
Lines Maxwells d ]-.0
Lines/square centimetet  Gauss ; 1.0
Lines/square inch Gauss 0.1550
Webers/square inch’ 15 1R
Liters. Cubic centimeters 1000.028
Cubic inches 61.025
Gallons (U.S. liquid) 0.2642
Ounces (U.S. lquid) 33815
Quarts (U.S. liquid) 1.0567
Lumens | Candle power (spher.) 0.0796
Lumens/square centimeter Lamberts 1.0
Lumens/square foot Foot-candles 1.0
Maxwells Lines 1.0
Webers 1x 1078
Meters Angstrom units 1% 102
Centimeters 100
Feet 3.2808
Inches 39.370
0.000621

Introductory, C.- 74A

4 APPENDIXA 1Ii 1187
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-# ———
To Convert from To Multiply by
Miles (statute) - Feet 5280 -

T Kilometers 1.609
Meters 1609.344
Miles/hour Kilometers/hour 1609344
Newton—meters Dyne-centimeters 1 % 107
X - Kilogram-meters 0.10197
QOersteds Ampere-turns/inch 2.0212
Ampere-tums/meter 79.577
Gilberts/centimeter _ 1.0
Quarts (U.S. liquid) Cubic centimeters " 946353
i Cubic inches 57.75
Gallons (U.S. liquid) 0.25
Liters 0.9463
Pints (U.S. liquid) 2
v Ounces (U.S. liquid) 32
‘Radians ' Degrees ' 57.2958
Slugs Kilograms 14.5939
Pounds 32.1740
Watts Btus/hour 3.4144
Ergs/second 1 %107
Horsepower 0.00134
‘Joules/second 1.0
Webers Lines 1x10
- Maxwells 1% 10°
Years Days 365 .
- Hours . 8760
Minutes 525,600
.Seconds -

3,1536 % 107

I=bendiirtan 740



Appendix B

PSPICE AND MULTISIM
‘PSPICE 16.2

The PSpice software package used throughout this text is derived from
programs developed at the University of California at Berkeley during
the early 1970s. SPICE is an acronym for Simulation Program with Inte-

grated Circuit Emphasis. Although a number of companies have cus- -

tomized SPICE for their particular use, Cadence Design Systems offers
both a commercial and a demo version of OrCAD, The commercial or
professional versions that engineering companies use can be quite ex-
pensive, so Cadence offers a free distribution of the enclosed demo ver-
sion to provide an introduction to the power of this simulation package.
This text uses the OrCAD' 16.2 Demo version. Additional information
can be found for the Cadence OrCAD 16.2 Release under the OrCAD

Inc. heading of the web site at www.qrca.d.corri. Additional hard copies -

can be obtained under Cadence OrCAD Downloads, where a request
can be submitted online at the bottom of the section title OrCAD Demo
DVD :

System requlrements lnclude

Windows XP, Windows Vista, and Window Server 2003 -
Pentium 4 (32-bit) equivalent of faster

* Minimum 512 MB memory (1 G or more recommended for-XP
and Vista) : ' '
200 MB swap space (or more)
65,000 color Windows display, with minimum 1024 X '?68
(1280 x 1024) mcommcndcd

MULTISIM 10.1

Multisim is a product of Electronics Workbench, a snbmdmry of National
Instruments, Its web site is www.electronicsworkbench.com, and its phone
number in the U.S. and Canada is 1 800-263-5552. In Europe, the web site
is www.ewbeurope.com, and the phone number is 31-35-694-4444,

System requirements include: ;

Windows 2000/XP/NT (NT 4.0 service pack or later)
Pentium 4 or equivalent processor (600 MHz minimum)
128 MB of RAM (256 MB recommended)

100 MB of free disk space (500 MB recommended)

[
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DETEHMINANTS

Determinants are used to find the matHematical solutions for the vari-

ables’in two or more simultaneous equations. Once the procedure is
properly understood, solutions can be obtained with a minimum of

time-and effort and usually with fewer errors than whenusing other -
methods. * :

. Consider the following equations, where x and y are the unknown

' variables and ay, ay, by, by, ¢y, and c; are constants: -

y [Col.1_Col.2 ColL3] - . il
amx + by = o (C.1a)
ax + by ='e; “(C.1b)

.
Itis éenainlj; possible to solve for one variable in Eq. _(C.la). and sub-
stitute into Eq, (C.1b). That is, solving for x in Eq, (C.1a) gives

= ' ¢ — by
3 Z r = —
i

: and substituting the result in Eq. (C.1b) gives

: O bzy)
. e =
. . ag( a bz‘p‘ C3

It is now possible to solve for y'since it is th\‘_: only variable remaining,
and'then substitute into either equation for x. This is acceptable for two
gquations, but it becomes a very tedious and iengthy pmcms fm' three or
more simyltaneous equations,

Using determinants to solve for x and y reqmres that the milnwmg
formats be estab]:shed for each vanabie

Res -

Col. Col. . Col. Col.
g e ki
a b ap ¢
] by L e 2 B
; X aj b]' : Y ay - f.?s. : - _ (CoZ)
& ay byl az b

“First note that only constants appear within the vertical brackets, and that
. thg denominator of céch is the same. In fact, the denominator is simply the
coefficients of x and y in the same arrangement as in Eqs (C.1a) and'
(C.1b). When solving for x, replace the coefficients of x in the numerator
by the constants to the right of the equal sign in Eqs. (C.1a) and (C.1b),
and repeat the coefficients of the y variable. When solving for y, replace
the y coefficients in the numerator by (hc constants to the right-of the
_ equal sign, and repeat the coefﬁcmms of x* .
. .- Each configuration in the numerator and denominator of Eq (Cis
i referred to as a determinant (D )f which can be evaluated numenca]ty in
the faiiowmg manner:

.
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. % =

=~ £ S B (o )

ay
= aiy — @b
i B ayhy — aaby

Determ'nant = [) =

" The e:;panded value is obtained by first multiplying the top left ele-
ment by the bottom right and then subtracting the product of the lower
left and upper right elements. This particular determinant 1s referred 10 *
‘as a second-order determinant since it contams two rows and two
columns.

It is important to remember when using detcfmmants that the
columns of the equations, as indicated in Egs. (C.1a} and (C.1b), must be
placed in the same order within.the determinant configuration. That is,
since a) and a; aré in column 1.of Egs. (C.1a) and (C.1b), they must be
in column 1 of the determinant. (The same is true for by and b5.) '
_ Expanding the entire éxpression for x and y, we have the Iqllqwing:

e -

1 b]
¢y b ciby — e3b S

PSR i (Cda)
ay b\ aby—ab|
ay by
ap ¢ g ‘
ay ¢l ajeg —axy| -

y = e C.4b

T e by . by iy _ \ ]_ -

EXAMPLE C.1 Evaluate the following determinants: * 4

a. ; 2"| (2)(4) ~ ()2 =8-6=2 - E o , -
4 -1] _ R e o
b | 2‘.44]{2? 6)(~1)=8+6=14
e | A - o@- a2 ~0-4- -
o o . el
a i ol =000 =@ =0
-EXAMPLE C.2 Solve for x and y: - .
dx+ y=3
I +dy=2
Solution: N

3 1

x=|2 4| (3)(4}"(2]{!) 12 -2

|2 - @@-6)yn 8-3
13 4

10
]
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2 3
b 2 _Q@ -0 _a-9 =3
. SR R 5 5
Check: . "
p 2+ y=(2)2) +(-1)

=4-1=3 (checks)

3x + dy = (3)(2) + (4)(~1)
=6~4=2 (checks) -

. <, . EXAMPLE C.3 Solve for x and y:
et dy=3
X-2y=-2

X . : Solution:. In this example, note the effect of the minus sign and the use
- of parentheses to ensure that the proper sign is obtained for each product:

3 2
2=l _een-com
: T2 (-2 - )@
- 3 =2
~HEde =g 1
T a8 =—_4'E
"l-1 3
I e e R €)16)
y —4 —4
=2_.‘__9.=.'_*Z-Z
% 4

EXAMPLE C.4 Solve for xand y: :
- ' Y Cx= 3-4dy
g 1 292 =—1+3x
Soluﬂon In rhzs case, the equations must first be placed in the format
of Egs. (C. la) and (C.1b): -
x+ 4y =3
“3x+20y =<1
13 4
=1 20

_ (3)(20) - (-1)(4)
(1)(20) - (~3)(@)

-3 20|

=% Sl
-3 =1 (1)(=1)-— (-3)(3)
AR i
Lan
32

i
32

b |




The use of determinants is not limited to the solution of two simul-
. taneous equations; determinants can be applied to any number of
simultaneous linear equations. First we examine a shorthand method
that is applicable to third-order determinants only since most of the

‘problems in the text are limited to this level of difficulty. We then in-*

vestigate the general procedure for solving an:,r number of simultane-
ous equations.
Consider the three following simultaneous equations

Col.1 Col.2 Col.3 Col4
ax + by + ¢z = d
ax + by + 0z = d;
azx + b3y + cz = ds

]
in whichx, y, dnd z are the vmables and @) 2,3, b1 2,3r€1,2,% andd: 547
are constants.

The determinant configuration for x, y, and z can be found in-a man-
ner similar to that for two simultaneous equations. That is, to solve for x,
find the determinant in the numerator by replacing column 1 with the el-
ements to the right of the equal sign. The denominator is the determinant
of the coefficients of the variables (the same applies to y and z) Again,
the denominator is the same for ca.ch variable. We have

d b o a d ¢ a b 4
dz b:‘. (4] 4 az. .dg Ccy dz b, ds
B d by o o L S AV by dy
5, D Py D
i ‘
ap b ¢
where D=lay by ¢
' ay by

A shorthand method for evaluating the third-order determinant con-
sists of repeating the first two colymns of the determinant to the right of
the determinant and then summing the products along specific diagonals

, as follows:

e am A

The products of the diagonals 1, 2, and 3 are positive and have the
following magnitudes:

+aybyey + bicyas + €jazb;

“The products of the diagonals 4, 5, and 6 are negative and have the

. following magnitudes:

—asbic; — bsfzal = Csﬂzbl

The total solution is the sum of me dlag{mafs 1, 2, and 3 minus the
sum of the diagonals 4, 5, and 6:

APPENDIX C [I1 1163
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‘V +(a|b1C3 + b;c;a; ;" C]ﬂ:bg:l = (ﬂg,b}_(‘] + hgl‘."zcl 1 C;agb[}J {C.S}

Warning: This method of expansion is good only for third-order de-
terminants!. It cannot be applied to fourth- and higher-order systems.

EXAMPLE C.5 Evaluate the following determinant:

. - =y ey -

1. 2.3 O 2 e D ey

-2 10| — |=-2 Cx 06280 1

| 0 4 2 o 4 B e W
. ) () (B
Solution: ' ;

[CIX(1)(2) + (2)0)0) + (3)}—2)4)
= [(0X(1)(3) + (DO + (2)(=2X2)]
h, ¥ : =@+0-24) - (0+0~8) =(~22) ~ (-8)
. : i = -22+8=-14 -

EXAMPLE C.6: Solve for x, y, and z:

x40y —2z=—1
Ox+ 3y + 1z= +2
Ix+2y+3:=0

Selution:
e
“Z
0

72
pe -
L,
L

b _::9::
i< e

[huwm+mmmu-ﬂmx1—mmxn+wmnn+wmmn
[(1)(3)(3) + (O)(1)(1) + (=2)(0)(2)] = [((B3)(~ 2} + (2)(1)(1) % (3)(0)(0)]
(-940-8)-(0-2+0),
T(@9+0+0)=(~6+2+0)
-17+2 15
kd 13

. .t. |,
-0 mm-’-'-
W '

. 8:,
3
B
.8,
3
2

A= i'
o, 2

" L

1. 0.

b, s
R S 2

R I
e 2
y . 13/

_m@e) + {—1)(1)(1).+ (=D)(0)0)] = [(HR)(=2) + E)(L)(L) +(B)OX-1)]
13

(G—I-H‘.)] (-—4+n+0)

L 13.
5+4 9 5
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A

-

eae..-,,!l
:*¢5;~

-8
Ty
I 3

-:-c--:

ol
‘3
2'

25 =
1
_ lme)o) + ©0)@)1) + (=1)(0)(2) ] [(1)E)=1) + 2)(2)(1) + (0)(0)(0)]
13
0+ 0% 0} —(-3+4+0) _ -
i 13 '

R

(i TR

- —

13 13 ' %

or from Ox + 3y.+ lz = +2,

B)"B 13 13
Check:
lx+0y —2z= -1 —%+0+-12—3=—1 —%a—w"
Ox + 3y + 1= +2 0¢%_+—;~31~=4'-2' %g—=+2«’
Ix+2y+32=0 "%+%+I_:=0 —%+—1§=b«’

. The general approach to third-order or higher determinants requires,
that the' determinant be expanded in the following form. Thereis more
than oné expansion that will generate the correct result, but this form is
typically used when the material is first introduced.

a; by ¢
D=\a, by ;| =a, |+ 3’3 + b |- +c1+a3'
a4 bJ Gy o= Minor Mlnor Mmur
. Cofagtor Cofactor Cofactor
Multiplying Multiplying - Multiplying

factor factor factor

-

- This expausmn was abtamed by multiplying the elements of the
first row of D by their corresponding cofactors. It is not a require-
ment that the first row be used as the multiplying factors. In fact, any
row or column (not diagonals) may be used to expand a third-order
determinant. . '

The sign of each cofactor is dictated by the position of the multi-
plying factors (a|, by, and ¢ in this case) as in the following standard
format: .
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a bl c
D=lag by 3] = a]('+
€3

Note that the proper sign for each element can be obtained by assigning.
the upper left element a positive sign and then changing signs as you
move horizontally or vertically to the neighboring position.

For the determinant D, the elements would have the following signs:

a® By )
o™ b o)
B N

The minors associated with each multiplying factor are obtained by
covering up the row and column in which the multiplying factor is lo-
cated and writing a second-order determinant to include the remaining
elements in the same relative positions that they have in the third-order
determinant.

Consider the cofactors associated with a; and by in the expansion of

~ D, The sign is positive for a; and negative for b; as determined by the
standard format. Following the procedure outlined above, we can find
the minors of a; and b, as follows:

G D B
c
=% &
Ay(minoy) = b, ¢ = b
P y -Gy
3 ¥y G
b ai 1 Ci = aﬁ cz
L (minoe) 17 2 & 4 ‘e
7 "Gy
4y 4y G

It was pointed out that any row or-column may be used to expand the
third-order determinant, and the same result will still be obtained. Usmg
the first column of D, we obtain the expansmn

J+a{+ln 31)

Yol

The proper choice of row or column can often effectively reduce the
amount of work required to expand the third-order determinant. For ex-
ample, in the following determinants, the first column and third row, re-
spectively, would reduce the number of cofactors in the expansion:

b o
by ¢

b o
C2

by o
b; (%}

ay by

73 ey "
D=0 4 5 —2( e ,5”)+0+u==2(23—.30}
06 7
= -4
T _
D=2 6 8 ='2(+‘4 7D+0+3(+|1 4})
. 6 8 \" 2 6l

232 — 42) + 3(6 - 8) = 2(~10) + 3(=2)
-26 .

"on
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* EXAMPLE C.7 Expand the following third-order determinants:
i e _
321

G Dl D),

0 8 D=

SRAGEN s B
= 1[6 — 1]+ 3[—(6 = 3)] + 22 - 6]
=5+ 3(—3) +2(—4)

 =5-9-8 :
= =12 . i

e 4,6 l4-6 {14 6

2 00| =ova(=[( g J+a(+f5 §])

=0+ 2[~(0 — 24)] + 8[(20 - 0)] ]

=0+ 2(24) +8(20)

=48 + 160

= 208

b. D=




- Appendix D

GREEK ALPHABET
Letter Capital Lowercase Some Applications
- :
Alpha A o Area, angles, coefficients
Beta - B B Angles, coefficients, flux density
Gamma i v Specific gravity, conductivity
Delta A 8 Density, variation
Epsilon LB e Base of natural logarithms
Zeta Z 4 Coefficients, coordinates, impedance
Eta H n Efficiency, hysteresis coefficient
Theta (3] [’} Phase angle, lel:hperature
Iota 1 L b ;
Kappa K K Dielectric constant, susceptibility
Lambda A A Wavelength
Mu M m Amplification factor, micro,
permeability )
Nu N v, Reluctivity
Xi. o2 &
Omicron (8] o
Pi I1 w 31416
Rho o p Resistivity
Sigma p o Summation .
_ ’ Tau T | LT Time constamt. ’
) Upsilon Y, y 8 =
Phi @ ¢ . Angles, magnetic flux
Chi X X
Psi I U Dielectric flux, phase difference
Omega - N w Ohms, angular velocity
L]
v
" .
-

1168
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o

MAGNE?I@MRA’METER CONVEHSIBNS

‘ SI(MKS) CGS English
ci) - webers (Wb) maxwells lines-
1 Wb = 10% maxwells = 10 Jines -
‘B. w0 B _gauss linesfin.?
(maxwellsiem?) ;
CIT=1Wb/m’ = 10* gauss = 6452 X 10% lines/in?
A I m? = 10* em? = ISSOin.z‘
Ho 4w X 107" Wh/Am = | gauss/oersted =3,20 lines/Am-
F NI (ampere-turns, At)  0.4aNI (gilberts)” NI (A1) _
' 1 At = 1.257 gilberts 1 gilbert — 0.7958 At
“H  Nifi (AUm) 0.4zNI/I (ocrslcds) NIACAt/in.)
) 1At/m = 1.26 X 10~2 persted = 2.54 X 10”2 At/in.

Hy 797 % 10°B,
(At/m)

_ B, (cersteds)

0'3]353 (Atfin.)

1169



Appendix F

MAXIMUM POWER TRANSFER CONDITIONS

This appendix derives the maximum power transfer conditions for the
situation where the resistive compoperit of the load is adjustable but the
load reactance is set in magnitude.*

For the circuit in Fig. F.1, the power delivered to the load is deter-

mined by
po Yk
R,
In
PG -
¥ : 38 Wn Dol
Z
En(\) "
- ]
FIG. F1

Applying the voltage divider rule gives

Vo = R Ep :
B> Ry + Ry + Xpy £90° +.X; £90°

The magnitude of Vp, is determined by

ot RiEm
7 VAR, + Ren)? + (X + X,)?
and V: = I szﬁam
B Ry + R + (X + X))
vﬂ
with p=t = B

R (RL+Rp)’+ (Xp + X%

Using differentiation (calculus), we find that maximum power will be
transferred when dP/dR; = 0. The result of the preceding operation is that

R, = VR + (X + X)*  [Eg. (18.21))
The magnitude. of the total impedance of the circuit is
Zr = V(R + R + (Xp + X1)?

*With sincerest thanks for the input of Professor Harry J. Franz of the Beaver Campus of
Pennsylvania State University. :
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Subsumnng this aquxﬁon fur R and npplying a few algebraic ma-

neuvers resujts in
' Zr = 2R/ (R, + Rn)
and the power to the load R; as s _ .
E; ' - s
pP= FRL. %?rRL ) ’
Z} " 2Ry(R, + R)
EZ
% f
4(R1. Rm)
e
= =T
© 4Ry,
R+
with - R, = Xt Rm

2
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Chapter 1

5.
T

11.

13.

" 15,

17.

19.

21

23

25.
27,

29.

31

33

35.

37.
39
41.

45.

47.
49,

29.05 mph :

(@) 139.33fs (h) 0.431s
(c) 40.91 mph

MKS, CGS = 20°C;

SIL K = 293.15 5

45,72 cm

(@) 14.6 (b) 560 (c) 1046.1
(@) 0.1 (e) 3.1

(a) 14.603 (b) 56.042

(e) 1046,060 (d) 0.063

(e) 3.142 Ny

(a) 15 % 10° () 5x 107
() 2.4 % 105 (d) 60 % 10°
(e) 402x107% (H 2x107'°
(a) 100 X 10° (b) 10

(© 1% 10° (d) 1x107?
o) 10 (O 1x10*

(a) 10x 107 (b) 10 % 1076

i

‘() 10X 10° (@ 1 x.107°

(e) 1% 10% (n1x10°

(a) 1x10° (b) 10% 1073
(¢) 100 X 10% (@) 1" 107%%
(8 1x107¢ (m1x107°
(¢) 1x107% (4) 1x10"
Scientific: (a) 2,05 % 10

(h) 5.04 % 10* (c) 674 x 1074

(d) 4.60 X 1072
Engmcenng‘(a} 20.46 % 10° -
(b) 50.42 % 10°

(c) 674.00 % 107°

(d) 46.00 x 1072

(a) 0.06 x 10°

(b) 400 % 1079

(c) 0.005 x 10°

(d) 1200 x,107°

(a) 90s (b) 725

(c) 50 103 us  (d) 160 mm
(¢} . 120ns (B 4629.63 days
(@) 2.54m (b) 1.22m
{c) 267N (d) 0.131b -
(€) 4921.26 ft () 3.22m
26.82 m/s

3600 quarters

345.6m

44.82 min/mile

(a) 474 X 1077 Bu

(b) 7.1 X107 m?

(©) 121 X 10°s

(d) 2113.38 pinis

144

093

172

Appendix G

ANSWERS TO SELECTED

ODD-NUMBERED PROBLEMS

51. 3.24

+ 53, 1,20 x 1012

Chapter 2
3. (@) L11uN (b) 031N
f€) 113834 kN o

5. Fy = r{F/r}

7. (@) 72mN (b) Q; =
0y =40 pC

9, 048]

11. 8C

13, 429 mA

15. 192C

17..3s

19. 2.25 x 10" electrons

20 uC.

. 21. 2243 mA

23. 667V

. 25. 334 A

27. 60.0 Ah

29. W(60 Ah): W(40 Ah) = 1.5: I;
(60 Ah) : (40 Ah) = 360Q A :

"2400A=15:1
31. 13.89%
33, 1296k
37. (a) 38.1kV (b) 3429kV
W

Chapter 3

1. (a) 500 mils (b) 20 mils
(¢) 250 mils (d) 393.7 mils
(e) 120mils (f) 39.37 mils

3. (a) 0.04in. (b) 0.029in. .

(c) 0.2in. (d) 0.025in.

() 0.0025in. (f 0.55in.

(a) 544 CM (b) 0.023 in.

7. (a) 942.73CM (b) larger
(c) smaller
9. (a) 203.82ft (b) 1.471b
{¢) —40°F — +22I°F. )
11. {a) 21.7] uQ) (b) 35.59 pl)
13, 942.28 m{}

"tn

15, (a) yes .
(b) A(#0) : A(#12) = 16.16: 1, .
) I(#0 1{#12) b T |
'mMme
19. 2570
21. 3.60 1

23, (a) 27.85°C (b) 21065°C
25. (a) 0.00393 (b) 83.61°C
27, .175°

29. 100300

31 65k

3s.

(ﬂ blue, gray, black, silver

(b) orange, orange, silver, silver
(c) red, red, orange, silver

(d) green, blue, green, silver

. yes, 423 {1 10 5170}
. (a) 0.62Kkf} (b) 33k

() 3900 (d) 1.2MQO

. (a)-629.72 mS

(b) 384,11 mS

. 5008 -

- (@) 2171 u) () 35.59 40

. 0.151n.

. (a) 10fc =3k, 100 fc =04k}

(b) negative (c) no
(d) —321.43 Q/fec

Chapter &

\"-
X
5.

7.-

9.
1L
13.

21.
23
25.
27.
29.
31
33.
3s.
37.

39.
41.

43-

45,
47,

1.23V

16 k)

72 mV

54.55 Q

28.57 Q2

1.2 kf

(a) 126300

(b) 8.21 x 10°J

16s

2863

20736 mW

129.10 mA, 1549V

120V

2.61V

320,120V

70.71 mA, 1.42 kV

(a) 8641

(b) "energy doubles, power the same
59.80 kWh <

(a) 120kW (b) 576.92 A
(c) 216 kWh

(a) $2.39/day .(b) 16 ¢/hour
(c) 1.45kWh (d) = 24. (e) no
$30.79

(a) 12 kW

(b) 10,130 W < 12 kW (ves)

© () 20.26 kWh

49.
51
53.
55.

57.
59,
61.

$1.13

84.77% ~ :

(a) 238 W (b) 17.36%

(a) 1657.78 W (b) 15.07 A
(c) 19.38 A

88%

80% ’

M = 40%., m = 80%
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Chapter 5 .

1. (a) EandR; i
(b) R 'and Ry - ;
“(¢) Ey, E and Ry
(d) £y dnd Ry; E;.R;..andh
(CJ Rj.ﬂ’,!ﬂ[’ﬁ&.Eﬂﬂde
(D Ry dnd Ry
3. (a) 7.7kQ (b) 175k
5. (a) 990} (b) 7.52Kk(}

7. (a) 1.2k0 () 00 _(¢) © Q)

9. () the most: Ry; the least: R,

(b) Ry, Rr=90k, I, =05 mA
: “(c)“V,'=0.6V.Vz=-s3.§\'.?3=41v
11 (@) 4A (b) 36V (c) 30} .

(d) Varn =188V, Vian =
52V,V3g =12V
13. (n) Ry =6k, 1 =994 uA,
=60V, Vg, =20V, .
VR =40V

®) Pp, = 12 W, Py, = 04w,

Pr, —(}SW (c) 24w

(d] 24W () equal () R,
(3] dl&‘ilpﬁl‘ed (h) Ry : Zw
Ry: zw Ky = W

- 15. E=905V.R; =21},

R =290
17. 60 . ,
19. (a) few) = 117 A

{(b) I(ccw) = 173.91 mA

2. (a) V=2V (M) V=42V,

(€) v, = 8V,V2= =4V
23 (@ V, =4V, =10V
(b) Vi =14V, ¥, = 18V
25. Ry = 1006}, Ry = 2000
27. (a) 20V
2, V=4V,
; E=2V ..
31. (a) Bﬂﬂmw'lcswil]:bnib
b) } W resistor . -
- 33, Vg =12V, Vg, =42V,
- Vg =6V’
35 @ V,=17V,V, =21V,
« Vap=—4Y (b) V=14V,
Vp=130V,V, = ~16V
©) V=13V, V, = -8V,
@=21V
37. (@) V, =20V, V,,—zﬁv
Ve=35V, V,=.—~12V,
Ve=0V (b) Vpp=—6V,
Ve = =47V, V,, = OV:

" 39. Ry =2K0,R, = 225k0,
Ry= 075Kk, Ry = 1.25k0

4. Va=0V,Vy=10V, V=4V,

Ve =20V,'Vo =6V,
. Vag = =8V, Ver =0V,
Ves= —6V,] = 15AT
43. (a) 20} (b) 7.14%
45. (a) 12mA (b) 1.17mA
{¢) no

w0~ 78R

) 20V (c) 036V
a=6V,I=2mA,

(€) Yo =15V, Vy = —38V

Chapter 6

1.

(6) Eand R
(d). Ry and Ry

(a) Ryand Ry
(¢) Rpand R3 -

v (e) E..Rl. Rz. R;. aﬁd R4 (f} E.

11

13.

18,

17.
19.

21

25.

27,

29,

. 31,

3a.

3s.

37.

39.

41.
43.

45,

. (@) 60 (b
(©) I, =6A 1 = 45A,

Ry, Ra, Ry (g) Ex Ry and Ry

. (a) 120 (b) 0.652k0

(©) 10810 (d) 3kn
() 2620 (0 0000

. (@) 80 (b) 1Bk

(©) 6.8k} (d) 24Kk
(@ 1180 (b)) =0 (o) 202
(b) 36V

L=15A

(a) I} = 24.mA, [, = 20 mA,
3= 3.53mA  (b) 925930
(c) 25.92mA  (d) 25.93 mA
(@90 m) 27V

E=36Y.R =240,1;=9A
(840 (b),12Q () 10A

(a) 761.79 £, I, = 60 mA,

I = 1277 mA, I;;= 6 mA

(b) Py=36W, P, =0766W,
=036W. (e) 4.73W

(d) 473W (e) R—smallest

1.44 kKW

..(a) 1467 A (b) 256 W

(c) 14.67A.
(a) I=8A (by/ =6mA,
I =15mA, f; = 5mA

Ry = 3kQ, R; = 6k},
Rr=133k{}, E=12V

(a) I} = 64 mA, I = 20 mA,
L=16mAR=32k0
(b)-E =30V, 1) = 1 A,
I;—OSAR;—R; 50(1
Pp,=15W -

(l) il- - 3A,fz = 4A

(b) Ir=85A,1; =6A

(@) 9A () 09A () 9mA
(d) 90 uA  (e) very linle

(M 9.1A (g 091A

(h) 9.1mA (i) 91 A

(a) 6kQ _(b) I =‘24mA,

I = 8 mA
@h=hL=3A1=06A
() 36W () 72W (d) 6A
I=3AR=20

(a) 6.13V (b) OV () 9V
() 1648V (b) 1647V -
() 1632V (d): (a) 13.33V,
(b) 13.25V, (c) 11.43V

6 k{2 not connected

Chapter 7

1.

(a) R, Ry, and E in series; R3, Ry,
and Rs in parallel

. (b) Eand R, in series; Ry, R3, and

Ry in paralle]

3L R

a

SRR

3.

AIP'PENDIXG s

(¢) Eand R, in series; Ry, R3, and
Ryinparallel -
(d) E; and R; in series; E, ﬁnd Ry

- in parallel
_(e) E and R in series; R, and Ry

in parallel

() E. Ry, Ry, and Ry in parallel;
Ry and Rs in parallel

3.6k

5,412k

7.

9.
11;
13,

15.

17

19.

(a) 40, (b) I, =9A, I, =6 A,
L=3A (c) 6V y
(8) V, =36V, V, =60V,
V.=20V- (b) J; = 24 mA,

I = 35.5 mA

L2250 .

(a) =14 A, 1;—6;\ I =8A,
LH=08A

(@) I, =5A1 =1A5 =44,
Li=05A""(b) V=17V,
V,,,,=10V !

(a) fg =2mA, Ip = TmA

(b) Ig = 24 uA

(© Vg=27VY,Ve=1386V

(d) Veg =16V, Vge = —09V
(@) 1880 (b) V

=W = 32V

C () 8A (d) L= 17 A, X

2L,

29,

35,

= 1.88 1
@ 14V (b) 9A . .
() V,= =6V, V, = ~20V
300

. (a) no (b) 6k open
. (@) 5530° (b) 723A -

(¢) 0.281W P

(@) 12A (b) 0.5A

(e) 05A (d) 6A

= 0.5k R, = 2k0),

R3=42ﬂﬂ4=lkﬂ

R5 = 0.6 ki1, Pg =1W,
ke = 2 W, Pe, = W,

PR =2W,Pp=1W

. (a) yes (b) R1 =750Q,

Ry = 2500 (c) R, =745Q,
Ry =250 -

(@) 1 mA™ (b) Ry = 5mid .
37. (@) R, = 300k, :
(b) 20,000 WV
39. 0.05 uA
Chapter 8
L (@) [ =48Ah=12A
(b) 96V
3 316V
5. Vs=16V.h=01A

7 (a) [, = 468 AR, =470

1b) I, = 4.09 mA, R =22k0

9. (a) 18.18A (b) yes.lBJBA
11. (a) Ir=42A () 168V
13. (a) V= -1V ﬂ}} 1.17 AT

i
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.

18.

17/

19.
21.

23.

25

27.

3L

| - -
(a) Lowy= ~}A,

I{cew) = § A, Iy(down) = § A
(b) 457V '
Ii(cw) = 1.45mA,

L{cow) = B.51 mA,

Ii(down) = 9.96 mA

() 63.69 mA. :

(a) Ig(cow) = 3.06 A,
Igfup) = 325 A

(b) Pg, = 39 W, P, = 043W
(a) 4)(cw) = 2.03 mA,

I(left) = 1.23 mA,

My = Iy{ew) = 1.23 inA

(b) S5.12V ;

(b) Licw) = 1.21 mA,

Iicw) = ~0.48 mA,

I(Cw) = —0.62 mA

(©) Ig(down) = 1.63 mA,
Ig{up) = 0.62 miA -
(b) Li{cw) = 0.03 mA,

Licw) = ~0.88 mA,

Lcw) = =097 mA,

Ii(cw) = —0.64 mA

(¢) 5.46mW "7~

. (a) g = 63.02 uA,

Jo=4.42mA, Iz = 448 mA
[b) VB = 2.98 V. Vr = 2.28 V.
Ve= 1028V (e) 70,14 -
Iyn = 553 A, Iﬁﬂ - 2.4?_1&“ "

. lga ='0.53 Al = 853A

33,

- 38,

(b) 3.25 A 3
(b) Lilew) =331 A,

© bicw)= —63.69 mA,

3.

39.

41.

43.

45,

47,

49,

53.

35,

. @ Vp=-1029V,

Iicw) = 0.789 A (¢) 337A
(b) —644V :
(b) 1,(cw) = 2.37 A,

. Liew) = =020 A,

Ijlew) = 1.25 A

© V=448V, V=10V

(d) =552V :

(b) V; = —49.94 V,

V, = —69.37V (¢) 346 A

(b) V, =-256V,V, =403V
(©) Vg, ¥ =256V,

VRJ. = Vﬁs + =4.03 v, ¢

Vi, = Ve(=+) =659V

(bY V)= 724V, V; = —245V,

V; = 141V .
(©) Vsp(—+) =386V

(b) Vj = =531V, V5 =062V,

Vi =375V (c) 69 mA
Vi =10.08V, ¥y = 694V,
Vi==17.06V TR §

Vp=—1143V -
(b) Vsy 7 =10029V;
Via T = 11143V . .

{a) Vi= -664V, V, = LOV,

Vi = 1066V (b) 1.34A

(@) V= =692V, Vi =12V, ™

V= 234 (B)-346 A

57.
59.
61.
63.
6.
67.
69.

Chapter 9

. (a) 0.1 AT (b) same (c) same

eNmw -

£
15.
17.
19.

21

25.
27,
29.

1.
33,
35,

. 3

39.
41,

- 47.

‘() 4.0511:.0

(b) 20mA (c) no (d) no
(h) 0A (c) yes (d) yes
333 mA :
1.76 mA
13333 mA

0.83 mA sl
4210 -

1.25 Al

s2.12V

10.66V

(a) Ryy = 4.1k Ep, =96V
(b) 2k :0.495W,
100 k£ : 85 mW

Ry = 218 (1, Ep = 981V
Ry =20, Ep =60V

(@) Ry = 10§}, B, = 2V
(b) 2001 : 66.67 mA, 50 {2:
3333 mA, 100 Q0 : 18.18 mA
Ry = 404k, Eyp, = 9.74V
(2) Ryp = 12.5kQ, Epy = 20V
(b) Ry = 272K, Epy, = 60 mV
(¢) Ry = 22k0, Eq, = 16V
(a] RN=6H,IN=1A .
(b) Epy =6V, Ry, =600

. Ry=2.180,Iy=45A

Ry=12 Q, "N’ =30A

Ry = 4.04k0, Iy = 241 mA

(@) Ry =30,Iy=5A

(b) Vigon 7 5534V

(a) 2180 (b) 11.06W
(b) 5.87mW

00 : g

500 (1, Pray = 144 W

I, = 39.3 wA, Vp = 220mV

1, =225A,V, =608V

(8) 0.36mA  (b) 0.36 mA

(c) yes :

Chapter 10 o

1.

in

—- o~

13
1. S
.. 470 uF, 465.3 uF-474.7 uF

19.

(@) 36 X 10° NIC

B 3Ex10°NC .., T

S0pF -

(a) 16.69V/im (b) 1.97 kV/m
(¢) 100: 1 i
348.43 pF

, 2.66mm
. (a) 24.78aF (b) 10°V/im

(c) 4.96 uC
25.6kV :
0.35 uF 7 ¥y

(a) 0:565 ;
(b) ve = 20 V(1 = 70385

{e) I = 1264V, 3r =1V,

57 = 1987V

53.
85, w—zm"y = 9.70 lTI-L
Wm,,_g\= 1.75 mJ

21.

i

() ic = 0.2mA e0%61}

vg = 20 Ve~/0%*

(a) 5.5ms "

(b) ve = 100 V(1 = ¢7133™)
(@ 17 = 6321V, 31 = 95.02V,
57=99.33V :

" (@) ic = 18.18 mA e /35,

27.

29,
3L

33,

37.

39.

41,

&5

47,
49.

51

Ab) ic = 7.23mA ¢ 1R ™

vg, = 60V - H/5sms

(a) 100pus (b) 472V

(c) 11.99V

. (@ 2637 ms
(b) ve =22V (1 — e I,

Ifc = 4.68 Me-;ﬂﬁ.zm

(c) 21.51V,0.105 mA

(d) ve = 21.51 V ¢ 263 2ms,
ic = 4.58 mA g™¥/2632ms -

(@) vo = 60 V(1 — e 7484e),
i = 21278 pA ¢ M
(b) ve = 59.6V e T1518RE

fé = —86.96 uA g"-ff].i.lﬂm

(@) ye =40V — 34 Ve Wik ms
ve=—20V + 10V e, "
ic=—122mA ¢ 2711

(a) 55.99mV (b) 139.99 mV
(¢) 25ms (d) 854ms

R = 54.60k(} .

(@) 2207V (b) 0.81 pA

(c) 3.58 54

(a) ve==-272V+"~

372V ¢ #1836ms

ic.= —4.48 m-e“lﬂ&!ﬁm

@) ve = 327V (1 — e F380ms),
ig=122mA /RH0m

(@) 1963V (®).2325 (© 1155

10 ps-20 ps: —1.18 A; 20 ps-30 ps:
+7.05 Ay30 us—40 us: —7.05 A;

40 2550 ps: 0 A; 50 ps-55 ps:
—4.7 A; 55 ps—60 ps: +4.7 A; 60 pse
70 ps: 0 A; 70 ps-80 ps: +4.74A;
80 15100 us: —L1TS A

6.67 uF

W =10V, 0 = 060,.C;

Vy =6.67V, @y = 40 uC;

Vi3 =333V, =40 puC

vy = 1345V, 0, = 296 mC;
V= 655V, 0 = 2.16 mC;
Vs = 6.55V, 03 = 0.786 mC
8640p]

"

Chapter 11

L

3

5

{a) 0.04 Woim? (b) 0.04T

(©) 88 At (@) 0.4 X 10° gauss

(a) 20.06 nfH

(b) increase ratto = u,

(2) 423 mH (b) 157 mH

(¢) 752mH (d) 1.76 H
Intraductery, C- 756



25

. =¥ '

760V

9. 14wms p

1L (a) ISpus” b
M) ip=1mA(1 - i1 usif

(@) by =20Ve/3M
vp = 2ﬁV(l = e"“"‘"}
(d) iy ;17 = 0.632mA,
37 = 0.951 mA,
57 = 0993 mA; vy It =736 V,
37 = 098 V,57 = 140 mV
13. R =12k, L =3.6mH
15. (a) i = 9.23 mA —
17.23 mA &~ 130.77 18,
vy =672V W0 ps

17. (a) ‘L.- 2mA + 4 mA ¢ V19 %68,

v =416 V. g_"wm"’
19. (a) ir = ﬁmA[l — ¢ P05y,
vy =12V g~105ms
(b) ip = 5.19 mA 7333 4,
v = ~62.28 Ve /B 3ns .

2. (a) iy = 13mA (1 — e~ 1/156s),

roup =809V g~ 1.-56 us
(b) 0.822 mA, 298V

23, (8) i =—454mA (1 — ¢ /0671,

Sy = =681 Ve HoTus
(b) ip = —3.53 mA y=—152V
(€) i, = —3.53mA ¢ V213 ks
v = +16.59 V ¢ /2130
{a) i, = 0.68 mA +
1.32 mA g~/09ms,
UYL= —5.43 Y ¢ 049 ms

27, (a) 0924s- (b) 162V

) 081V
29, (a) 4.88 mA (b) 99.33 mA’
(c) 13.86 ms :
31, (a) 1333V (b) 798 nA
© O (e) 442ps (d) 0244V

33. 0ms-2 ms: 375 1:;1V: 2 ms—6 ms:

=375 mV; 6 ms=9 ms: +25 mV;
. 9ms-13 ms: OV; 13 ms~14 ms:
+25 mV; 14 ms-17 ms: 0 V;
17 ms-19 ms: —12.5 mV
35. 10.75 mH
37. 6.8 mH, 5.7 k1,
9.1 kil||2.45 mH
39. 25 mH, 2.2k}, 18 uF
41. (a) i = 3.56 mg - /B3t sy,
Loy =420V e 38

43. .'; "-7A f-;=2ﬁ
4. V, =

12V, ], = 3A, v,- S8y,
L=0A

Chapter 12

1. &:CGS:5 % 10* maxwells;
English: 5 % 10* lines

B: CGS: 8 gauss; English :
51.62 lines/in.?

(a) 0.04T

952.4 X 10° AUWD

7 262467 AtVm

h

‘9. 213A ' i ¥
1L (@) 60t (b) 13.34 X 10° “WAm
13. 270 A
15. 135N
17. (a) 202A (b) 2N
19. 6.12mWb
2L.-(a) B=15T(1 — ¢ “"ﬁ’"’““”"}
(b) 900 At/m: graph = 1.1 T,
Eq, = 1.09 T; 1800 Aum:.graph =
1.38 T, Eq. = 1.39 T, 2700 Avm:
graph = 147 T, Eq. = 147 T
Excellent results
(e} H="—T00 log(! _HT)
(d) 1T graph = 750 At/in, Eq. =
769.03 At/m; 1.4 °T; graph =
1920 Avm, Eq. = 189564 AUm
(e) 40.1 mA vs. 44 mA in
Example 12.1

Lt

Chapter 13

L (a) 10V (b) 15ms: —10V,
S 20ms: 0V (¢) 20V
W T=20ms (&2
3. (a) 40mY (b) L5ms: —40mV,
S.1ms: =40mV (c) 80mV
(d) 2ms (e) 3.5
5. (a) 1Hz (h) 16Hz
_(e)-25Hz (d) 40kHz

7. 0.3 ms
"9 @ 25mV () 32us
(c) 31.25kHz |
11. (a) 60° (b) 216° (c) 18°
(d) 108°

13. (a) 628.32 rad/s
(b) 1,57 X 10° rad/s
(€) 12.56 % 107 rad/s
" (d) 25.13 X 10° rad/s
15. 2.78 ms
17. (a) 20,60 Hz (b} 12,120Hz
" (c) 105,1591.55 Hz (d) B, 1.6kHz
21, 048A
23. 11.54° 168.46°
27. (a) v =6 X 1072 sin{2m 2000r + -
30°) (b}
i = 20 X 10" sin(2w 60t — 60°)

29, v=12X10" 351n{2vr2m+135°) ;

31.|v]cads:b9'90"
33. in phase
35, 1305 us
37, Yams
39, 1V,
41. 233V
43. (a) OV
45. (a) 0.4 ms

(b) OV (c) same
{(b) 2.5kHz
; (€} =25 mV - .
47, (a) 84.85V (b) 424 mA
(g 566 pA
49, 143V
* 5L G=0V, V=8V

53.

APPENDIX G 111 1175 °

(@) y=2x=>y 542
() 360 (¢) 5.48 (d) 3.67

(e) rms .= 1.5 average

Chapter 14

L.

© 3.

11.
13.
15.

17

19.

21. A

23.

31
33.

35,
37.

39,

41

43,

45.

(a) 3770 cos 3771

"(b) 120 cos(200¢ + 20°)

(c) 4440.63 cos(1571 — 20°) .
(d) 200 cos ¢

120°)

. (a) v = 700sin 1000¢

(b) v = 14.8 sin (400 —
(@) 22mH (b) 12H

. {a) v = 100 sip{ws + 90°)

(b) v = 0.8 sin(w: + 150°)
(c) v = 120 sin(er —"120°)
(a) { = 24 sin(wt — 90°)

“(b) i = 0.6 sin(wt — 70°)

(@) o (b) 530790
(c) 15920 (d) 62830
(a) 4.08kHz (b) 34Hz
(c) 40309]:1—12 (d) 204(}!-5:

(@) i=6x%107? sméZDB.' +90%) |
(b) i = 22.64 X 107%sin(377t + ‘.
90°) .
(a) v = 1190.48 sin(300¢ — 90°)
(b) v = 37.81 sin{3771 = 120%)
(a). X =400 01 :

(b) X, =400,L= 254'18mH
©R=50"

. 318.47 mH
27,.
+ 29,

5070 pF

192 W in each case

i = 40sin (wt — 50°) k)
(a) ¥ = 4.27sin(1000: — 30°)
(b) 3ﬂm!-I (c) OW

(@ i) = 24sin(10% + 150°), i; =
12 5in(10% + 150°) .

(b} i, = 14.40 sin(10% + 150°)
(a) 5.0 £36.87° .(h) 2.83 £45°
() 12.65 £7.57> - ’
(d) 1001.25 £2.86°

{e) 4123.11 £104.04°

(f) 0.894 £116.57° -

(a) 4.6 +j3.86

(b) 6.0+ 1039 (¢) —j2000
(d) —0.006 — j0.0022.

(e) 47.97 + j1.68
M47x104=f17I 1070 *
(a) 11.8 + 7.0

(b) 151.90 + 49.90

(c) 472 X 1075 + j 71

(a) 7.03 4+ j9.93

(b) 957 + j22.77

(c) 2807 £—11591° .

(a) 8.60 £20°

(b) 49.68 £—64.0°"

W 4G %1073 £.40°
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47, (a) 4.20° (b) 593 L—1344T°
(c) 9.30.£-43.99°

49, (a) 506 £88.44°
(b) 426 £100.81°

51, (a) x =38,y =6orx =
(h) = 30°

53. (@) 14.14 L—180°

(h) 4.24 % 107 2907 -

(©) 2.55 x 107% L70°

55. v, = 63.25sin(3771 + 63.43°)

57. v, = 108925in(377¢ — 0.33°)  *

6,y=73

Chapter 15 -

1. (@) 6,80 £0° =680
(h) 4524 () £90° = +j4524ﬂ
(©) 148 Q 290 = +j1.480Q
(d) 1O £-90° =" —j 1 k)
(e) 33.86 0 £=90° =
—33.860- (D) zzonao-’w .
200

3. (a) v=88>< 107 sin 10001

(b) v = 2262 sin(2m 200t + 150°) -

(¢) v = 270.96sin(1571 — 5[] }
5 (@3IN-j1i=
3.16 ) L—18.43°
(b) 1k +j4kQ =
4,12k £75.96°
(©) 47001 —j400 =
471.7 0 £ ~4.86°
7. (a) 100Q°236.87° ~(b) —
(@ 1=10A £-36387°,
Vi =80V £-36.87°,
V. =60V £53.13°  (d) —
(e). — (B 800W
(g) 0.8 lagging
(h} vg = 113.12 sin(wr — 36.87%),
_up = 84,84 sin(wt + 53.13°),
i = 14.14 sin(wf = 36.87°)
9, (a) 5.66Q ~L—45° (b) —
(¢)'L =16 mH, C = ZGSpF
(@ I = B.B3 A £45°,
Vg =3532V £45°,
Y, =5298V £135°,
Ve = 8830V £—45°
0 — (@ 311.8W
(h) 0.707leading
(i) i = 12.49sin(377t + 4.5°),
e = 70.7 sin 31T,
ug =49.94 sin(377¢ + 45°),’
vp, = 74.91 sin(377r + 135°),
ve = 124.86 sin(377t — 45°)
1L 680
13, (a) 2924 uA (b) 100 pF
15. (@) V; = 14.14 V £ -155°
Vy = 2829V £25°
By Vy = 11292V,
. Vy =58.66 V £L—139.94°
17.:32Q°+ j24 Q -
l‘? i ”

£) =

3@ =

21, —

23. (a) Yr= 01478 £0°=0.1478
() Yr=35mS £-90° = —j5mS
(c) YT-(]SmSLQ(}" =
+70.5mS

© 25, (a) 54.7mS — j93.12mS,

(b) 6.88 mS + j 9.08 mS
(€ 4mS +j2mS
27, (a) 111.8 mS £—26.57° (b} —
(c) E= 17.89 V £2657°,
Iz = 1.79°A £26.57°,
I, = 0.89A £—-6343° (&) —
(e — (D 3204W
(g) 0. 394 lagging
(h) e = 25.30 5in(3771 + 26.57°),
ig = 2.58 + sin(3771 + 26.57°),
i = 1.26 5in(377¢ — 63.43°),
ig=1283sin37Tt © .
29. (a) Yy = 0.89S £—19.81°
Zr=11202£1981° (b)—
(c) C-'SB.I;.LFL-33ImH
(d) E= 240V £79.81°,
I, = 200 A £79.81°, .
I, = 1.20 A £-10J49°%
Io = 048 A £169.81° (f) —
(g) 4.8W (h) 0,941 lagging
(i) e = 3.39sin(377¢ + 79.81°),
ip.= 2.83sin(377¢ + 79.81°),
ip = 170 sin(3771 — 10.19°),
ic = 0.68 sin(377r + 169.81°)
18.78 A £60.14°,
- I, =688 A £—29.86°
(b) 1, = 6.62 A £12.89°,
I, = 197 A £129.46°
© I -—24ALG° I,=16AL0°
33 — 35 —

3. @R, = 1000.X, = 50Q(C) .
(b) R, = 34kQ; X, = 8.5 kO (L)
39. (a) E = 176.68 V.£36.44%,

Iz = 0.803 A £36.44°,

I, = 2.813 A £—53.56°
(b) 0.804 lagging

(c) 141.86 W

@ — () —

H 1.11 A £12643°

(® 142.150 + 10496 0

Chapter 16

1. (a) 402 £-2265°

. (b) 3.5A £22.65°
(c) 3.5 A £2265°
(d) 1.94 A £—133.66°
(e) 14 V£112.65°

"3 (@) 19.860 £37.17° -

(b) 3.02A L=31.17°
(¢) 3.98 A £52.83° )
(d) 47.81 V £-31.17°
(e) 14442W.
5 (@ 0.25 A £36.86°
(b) 89. 44v £-2657° (:} mw

. (@) 142A £1826°

(b) 2657V £4.76° (c) 5407 W
9, (a) 537.51 Q) £56.07°

(b} 93 mA £L—56.07°

(©) T, = 186.48-mA £ ~56.07°,

I, = 13.48 mA £123.93°

(d) V; = 1693V £213.93°,

Vi = 4149V £3392°

(e) 2.595W () 0.558 lagging
11. (a) 1520 .—-38.89°

(b) 42,43 V £45°

(© 14.14 A £45°

(d) 39.47 A £38.89°

13, 139,71 mW

Chapter 17

5 T 5o
3. Z=5150 45904,
E = 1030 V £179.04°
5. S.15A L-245°

© 7. 255A £132.77°

9, 4833 A L~-7157°

11.. 0.68 A £L—1629°

13. 42911 £149.31°

15. 2.69 mA 2 —174.8°

17. V, = 14,68 V £68.89°,
V, = 1297V £155.88°

19. V, = 1986V £43.8°,
V, = 894V £106.9°

21, ¥y =220 V£0°, .

=0630V £~12.32°,
T Wy =100 VL90°

23, V) =574 V2122767,

V, = 404V £145.03°,
V3 =2594V £78.07°
28, V, = 437V L~128.66%,
Vo= Vygg =225V £17.63°
27, V1 = Vnn = 1067V LlSD"
V, =6V £180°

29, Vg = -2451.92E;

31. (a) not balanced .
C () Iy, = 176 mA £-71.54°

() Vy, = 703V £—18.46°
33. balanced :

RaRs Raly

35.'R, R, L= 3
37. 7.02 A £20.56°
39, 369 A £23.87°

Chgpw_i- 18

1. 6.09 A £-32.12°
3. 340 A £135.36°

5 ye=12V +

3.75 sin(w? — 83,66°)
7. 178.5 mA £-26.57°
9, 70.61 mA £=11.31°

11. 2.94 mA £0°

13 In = 240 L3687,
“Em, =80V.£3687°



. 15,

17.

19.

21.

29,

31.

zn. 21 31023225,
Ep =213V 232.2°

Zmy = 5.00 0 2—38.66°
Efy, =.77.14 V £5041°

(@) de!Rpy, = 220, By = —
ac: Zqy; = 66.04 ) £57.36°,
Em = 6.21 V £207.36°

(b) i = —7246mA +

62.36 X 10 *sin(10007 +
173.42°)

(a) Zm, = 447 kQl £ —-26.57°,
Em = 3131V £-26.57°
(b) 6.26 mA £63.44°

- Zmy = 444 kQ £.-0.03°,

Ep = —444.45 X 10°1 £0.26°
Zm = 5.10KN £~1131°,

Em = —50V £0°

Zm, = —39.220 £Q8,

Em, =20V £53°

Zqy, = 607,420 £0°,

Em = 162V £0°

Zy = 2131 2 £32.2°, ]
Iy = 0.1A £0°

Zy = 9:66 1 £14.93°,

Iy =215A £—4287°

35,

37.

a1
43.
4s.
47.
49.
51.

53.

(a) de: Ry = 220,
Iy = —227.27 mA;
ac: Zy = 66.04 () £57.36°,
Iy = 94 mA £150°

() I=-7246 mA + 62.68 X

1073 sin(1000z + 173.22°)
(a) Zy = 447 K £ +26.57°,
IN = 7mA 20°

(b) 6.26 mA-£63.44°

. Zy = 4.44 k0 £—0.03°,

Iy = 1001 £0.29°

Zy = 25k0 £0°, .

Iy = 72mA £0° i

Zy = 665k £L0°,
= 0.79mA £0°

Z.=1510Q-750390,

Proax = 1.61 W

Z;=24807+j5150,
Ppgy = 61833 W

Z, = 1.38 k0 — j 5.08 k),
P = 50.04 mW

(a) Zp = 4kQ + j2kO’
(b) 61.27 mW

(a) 7.310F (b) 294027 2
(c) 1 mW

. (a) 0.83 mA L0°

(b) 0.83 mA £0°
(c) the same

Chapter 19

L

(a) 130W (b) Qr = 0 VAR,
Sr=130VA (c) 0542 A

(d) Ry = 37160 R, = 668.9 ()

(e) I, =0348A,5, = 0.193 A

3.

1L

13,

15.

17.

21.

(b) 0L =

(a) Pr=400W, Oy = —400 VAR
(C), 57 = 565.69 VA,

Fp = 0.707 (leading) (b) —
(c) 5.66 A £135° 5
(a) Pr=350W, Q=

—450 VAR (C), §7 = 570.09 VA

(b) 0.614 (leading) (c) —

(d) 11.4 A £52.12°

(a) PR = 200 w,_PL.C =0W
(b) O = 0'VAR, Oc = '
800 VAR (C), @p = 100 VAR (L)
(c) Sp=200VA,

Sc=80VA,§ = 100 VA

(d) Pr=200W,Qr =

20 VAR (L), S7 = 200 VA,

Fp = 0.995 lapging (e) —

(H 1005 A £L-573°

(a) PL=0W, P = OW
Pa=3899W

126.74 VAR, Q,: =
46,92 VAR, Og = 0 VAR

(¢) 5p = 126.74 VA,

Se = 4692 VA, 5z = 38.99 VA
(d) Pr= 3899 W,

Or = 79.82 VAR (L), §7.=
88.83 VA, Fp = 0.439 (lagging)
(&) — (D 0317

(g Wp.=032],W=0.12]
(a) Zy-230.ﬂ+_;173.[1
(b) 4000W

(a) Pr=900W, Qr=0VAR,
Sr=900 VA, Fp=1

(b) 9A £0° (c) —

(d) load 1: Xc = 20 02

load 2:R = 2.83 (%

load 3: R = 5.66 {); XL==4'I2O yi?

(a) Pr= 1100 W,

Qr = 236626 VAR (C),

Sy = 260944 VA, 2

Fp = 0.422 (leading)

() 52189V £—65.07° |

(©) load 1: R = 1743.38 90, X¢ =

11307.53 £; load 2: R = 43.59Q,

Xc =99.88 00

(@) 7.81 kVA (b) 0.640 (lagging)
(c) 65.08A (d) 1105 uF

(e) 41.67A

(a) 128.14W

(b) a-b: 42.69 W, b-c: 64.03 W,
a-c: 106,72 W, a-d: 106.72 W,
cd: OW, d-e: OW, fre: 21.34 W
(a) R=50,L=13203mH
(b) R=1010

() R= 150, L=26239mH

Chapter 20

1.

-(a) w, = 250rad/s,

f=139.79Hz
(b) wy = 3496.50 rad/s,
f;=55649Hz .

.21

. (fy 250 Hz

APPENDIX G 1] 1177

. (a) 2k1  (b) 120mA .

(€) VR =12V, V=240V,
Ve =240V (d) 20
(e) L =63.7mH, C =

(8) fi = 4.88 kHz. fy =

. (a) 400Hz °

() f; = 5.8kHz, f, = GZkHz
© Xp=Xc=450
(@) 375mW

. (a) 10 (b)' 200

{c) 1.5mH, 3.98 uF
@ h = lngz.f:—ZlkHz

. (a) R =100, L = 13.26 mH,

" € =2707uF, f; = 8.34 kHz,

11,

13.

- 15,

17.

19,

.

25,
27.

fo=846kHz .
(a) 1 MHz (b) 160 kHz

(c) R=720Q, L = 0.716 mH,
C = 3538pF (d) 56.23 ()

(a) 159.16kHz (b) 4V

(¢) 40mA (d) 20

(a) 1.027 MHz (b) 1141V

(¢) 13.69W {d) 669 mW

R = 91 kil (closest to 93.33 kfl),
C = 240 pF (closest to 250 pF}
(a) f, = 7.12 kHz,

fp =°6.65 kHz, f, = 7.0] KHz
(b) X, = 20.88 8}, X¢ = 2394n
(c) 55.56 ()

(d) @, =2.32,BW = 2.87 kHz

© l-=9273mA, [, =9928mA

222V
(a) 3558.81 Hz
(b) 1382V
(c) 691 mW .

' (d) 575.86Hz ~ -
. (@) 98540 (b) 8.21

(c) B.OSkHz (d) 483V

(e) f; = 7.55kHz, f; = 8.55kHz
R, = 2.79kQ, C = 31,660 pF _
(a) 251.65kHz (b) 4.44Kk(). .
(c) 1405 (d) 17.91 kHz

(e) f; = 251.65 kHz,

7y, = 49940, 0, = 204,

BW = 95.55 kHz

(0 f, = 251.65kHz, -

Zr, = 1333k

Q, = 21.08, BW = 11.94 kHz
(g) Network: L/C = 100 X 10%;
part (e)‘ L/C = "X 10%

pan - L/C = 400 X 103

& sthe Tl ead increased,
BW fecreased and V), increased.

Chapter 21
1. (a) left: 1.54 kHz, right: 5.62 kHz

3.

(b) bottom: 0.22'V, top: 0.52V
(a) 1000 (b) 10" (e) L59
(@ 1.1 (e) 10" () 1513.56
(g) 1002 (h) 1,258,925.41

5.13kHz

15920 pF
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o A e - 35. (@), (M) f = 720 kHz Chapter 22 -
7. =030 (c) f=0.5f: 4, = —1dB; .
9, (m) 1.85 . . [ = Y3 A,, = —0969 dB; 1 (a) 50 mH
, © (b) 184548 - v i . fb)ep'=16Ve,—512V
11. 1301 - I = il =10 AR . © ¢ = 15V, ¢, = 12V.
13. 3849 i [=10f: Ay, = —0.043dB 3. (a) 355.56 mH
|15, 2408dB, (d) f= 0.5/ A, = 0447, f = 2f; (b) &, =24V, e, = 0.6V
17, — A, = 0894 () =15V, e, =12V
19. (a) f, = 3617.16 Hz; (d) f=0.5f:0 = 63.43% . 5. (d) 5V (b) 625.59 ,qu
f=f: A, =0707; f=fi0=45f= ch: : 7. 120Hz
f=01/:A4, = 0.995; : 8 = 26.57° K T -9%.300,
f=05f ,qu = 0.894; _ G- A (Y (b) fo =13.26kHz 11. 12,000 tums-
f =2 Ay = 0447, ? (e} = 05f;: Ay = —097dB;_ - 13. (a3 () 278W.
S =107 A, = 00995 f=2ifyy = —699dB; 15, (a) 364.55 (1 £86.86°
V) = f:0 = —45% _ f=hfiAy, = —004dB; :b}} 329.176:114&;,—3@:&
f=01f:0==571% 2 A i) ¢) Vg, = 6.58 V £—86.86°,
fo= 0052 0 = —26.57% ‘{d, }E{nas}";’: Ay jg_ggf Vy, = 1448V 23.14°,
L f=2s0= 6343 F= A, = 0.447 . Vy, = 10533V L3.04°
f I_ch, a = —§4.29° . . (e'} f = 05]18 = =26 j'j'u‘ : 17. — >
21. C = (.265 ,U-F - f =_f:—-' p = —45°, y » 19. 32!“1
23. (a) f. = 3.62 kHz; f=2f:8= ~6343° : 21. Li(Zg, + z'!.) + Il(ltm} E.
f=feA,=0707: - 39. (a) /| = 64201 Hz, " NiZw) + BZy, + 2g,) =0
£=9f:A, = 0.89; . Je = 45747 Ha, vertical shift = &) S0 0y ASa A
of = 05f: A, = 0.447; ' " Z204dB ) f=fro=4dsy 9474
f lofcﬂﬂu = ().995; f:Jr; 0 :-54-520'_}"*,]‘}{2:\.8 = () I =417 A, f = 8333 A
' ' ' 1
f=1f: A, = 00995 ' R 2 ©25. @) VL—zsvw'
(b) f=F,:0=45°f=2:0 = GARLL= i f =832 ®) I, =5 A 0P
26.57°% f = 0.5 0 = 63.43% F=2f:8=2657° (h) Z, =800 £0°
F=10fs0 = 5715 = & fe = 10f: 8 = 5.71° (© Z,,= 200 £0°
) 9 = 84.29° 41 (a) f; = 19.41'kHz, f, = 1.92 kHz, 27. (a) Ez ="40V £0°,
25. R = 795.77 3, Ruandurd = 3 vertical shift = —20 dB 1 =333 A £60°,
7500 +470=7970 . _ ) f=f =] ﬂ=~3929"f= ) E; =30V £60°13 = 3 A £60°
27. (a) low-pass section: 10 kHz; § = —51.88° . (b) R, = 64520 ° .
~ fyy =T79577Hz; 43, (a) fy = 945.66 He, f. = 7.59 kHz, 29. [Z, + Z )N, = Zy Jo + Zy, =
«  high-pass section: - vertical shift = —18.08 dB ¥ i Al +
fo, = 1.94 kHz; . (b)f=fi:0 = 37.89% f=f:0= flfizﬁz:lﬂé?: PR
F= e Vo = 0.654V; 37.89% f = 4 kHz: 6 = 48.96° z’ 'f ¥
f=f: V=064V 45. (a) fi = 180 Hz, f; = 18 kHz, : [;;111 z,z-: ;+][ ;
s BW _ ] BW = 17,820 Hz, f = 180 Hz: | 2z =
Atf 0‘;‘6; 3 kH"_. Ay, = ~299dB = —3dB, : i ;
= 1= ) 4 : 18 kHz: A
fh) BW defined at 0. 5!4. _ f_3_;05 e - Chapter 23
f* 4 kHz: v;, = 0-429'/.-: fmm ' 6 =0.12° = 0° f = I8 kHa: (c) 1201 A @ 12 O1A
plotBW = 29 kiz with 8= -90° . - 3. (@) 1201V (b) 1201V
Soaner = 1.93KHz a7 Ay = —120/(1 = j50/f) (¢) 1698 A (d) 1698 A~
29, gﬁ%"—gﬁlsﬁﬂéw T " - 2000001 + 736 kHz)| 5. (a) 6y = —120° 63 = +120°
 Q, = 1684, BW = 5.83 kHz . A, =1,f(1-+1f,12000)f=1mr (b) Vgn = 120V L0°, Vi =
(©) f=fa Ay =093 i L 120V £=120°, Vg = 120V £120°
» iy : (- B
: L oS TR fy = 10002KHz - Sb Aue = WlogioVI+ (/10007 + © Ly = 8A £-53.13°,
f=hV,=064V, 20 losw’V 1+ (f2/2000)* + : R, =8AL~11343%, - .
fEfV,=066V . 40 logjgl/ V1 + (/2/3000)% T, =8 A £6687° () BA .
@ f=2fv,, =093V, f=1kHz A, = 3.06 dB, 3 _(n 207.85Y ’
fi =95.19kHz, V,, = 066 V: e 2kHAL = 68LdB, T Ve=1270V,I = 8I8A,
. " f2= 101.02kHz; V, = 066V -~ .- = 'f=3kHz:4,, =0.1dB, for IL=898A .
3 3L (a) O, =125 0 dB slope for asymptotc at © 9 (a) Egy= 127KV 4—30°.
: ‘(b) BW-400Hzf1—48kHz. ; 13.06 dBforf>> f5 - Ji T Egy= 12.7kY £Z=150% -
fr = 52kHz '53. (a) woofer, 400 Hz: A, = 06'.'3 : . Eey=127kV £90°° !
2 ©f=fV,=25mV, - tweeter, S kHz: A, = 0.678 (bc) Top =144 =
= (@ f=fi Vo= 25mVe* T () woofee, 3 kHz: A, = 0015; 1120 A Z—99.54° 1y, = Ipp=
L - B, (@) f, =72644 kHz (bundsstop); - tweeter, 3 kH2: A, = 0.337 - - IL9%AL =217.54° Ky =
L A | - e, e Ty e ll(ff._. PR T W T R L. ‘T 31O A A ALRD



(d) Vi = 1206 KV 2-29.34°,

11

13.

15.

17,

Vs = 12,16 kV £ —149.34°,

" Vo = 12.16 kV £—90.66°

(a) 1201V (b) 208V
(c) 1336 A (d) 23.15A
(a) 0, = —120° 8y = +120°
(b) Vg =208V £0°,
=208V £-120%,

V., =208V £120°
() I, =946 A £0°,
1, = 9.46 A £—120°,
Toa= 946 A £120°
(e) 1638 A () 1201V
(a) 0, = —=120° 8y = +120%
(b) V,, =208V £0°,
Vi =208 V £~120°,

o =208V £120°
(d) I, = 8667 A £ ~3687°,
Tp. = 16.6T A £—156.87°
I, = 86.6T A £83.13°
(e) 150.11A () -1201V
(a) I, =1533 A L-73.30°
Ip. = 1533 A'£—193.30°,
I,= 1533 A £46.7°
(b) 1, = 26.55 A £~103.30°,
Tgy = 26.55 A £136.70°,
T, = 26.55A £16.70°
(c) Eqg= 17.01 kV £-0.59°,
Ege = 17.01 kV 2—120.59°,
Ecx = 1701 KV-£119.41°
(a) 208V (b) 12009V
(c) 7.08A (d) 7.08A
Vg =09.28V, I, =2B9A.
!I. =280 A
V¢ 6928V, 1y = STIA, .

=S TTA :
(a} 440V (b) 440V

" () 29.33 A(d) 508 A

-

29.

. (a) 6 = —120° 03 = +120°

(b) V= 100V £0%

Ve = 100 V- £—120°, ;
V=100V £120° (@) L, =
SA £0% Tp =5 A £-120°,

Ia=5AL120° (€) 8.66A

(@) 63 = —120°,93 = +120°

(b) Vo5 =100V 207,

" Ve = 100V £=120°%

3.

3i.

35.

V=100V £120° (@) Ip=
TO‘IA £45°, 1 = TOTA L-T75°,
I1.=707A £165° (e) 1225A
Pr=2160 W, 37 = 0 VAR, 57 =
2160 VA, Fp =1 -
Pr= 72](}.67 W, 0r=

7210.67 VAR (O),

Sr=10,197.42 VA,

Fp = 0.707 (leading) -
Pr= 7.26 kKW, Op= 7.26 kVAR
(L), Sp = 10.27kVA,

Fp = 0.707 (lagging)

. Pr=28793W, Qr=
575.86 VAR (L), Sy = 643.83 VA,

Y i M AA™ MY ansmrecenie ¥

39.
41.
43,

45.

49,

Pr =900 W, Qr = 1200 VAR (L),
§r= 1500 VA, F, = 0.6 (lagging)
1298 1 —j 7310

‘(a) 9,237.6 V- (b) 80A

(¢) 1276.8kW (d) 0.576 lagging
(e) T, = 80 A £ —54.83°

() Vo, = 177345V £-4.87°
() 62.52 1 +j 7438 0,

, (h) System: 0.576 lagging; Load:
0.643 lagging (i) 93.98%

(b) Py = 5899.64 W,
Prnewer = 1966.55 W
(@) 120.00V (b) 1,
L, =T708A,1,=424TA

() Pr=493kW, 0=

. 493 KVAR (L), Sy = 6.97 kVA|
F, ='0.707 (lagging) ,

(d) I, =8.49A £~ —75¢,

= 08 A L-195°,

I, = 4247 A 245°

(e) 35.09 A £ —43.00°

Chapter 24 oo by

5

9.

11.

15.
17.

21.

25,

|

e

1.

(a) positive-going (b) 2V
(©) 02ms () 6V (&) 65%
0 625Hz (@) 12.5%

. (a) positive-going (b} 10 mV

(©) 32ms (d) 20mV (e) 69%

. Vo= 1358 mV
. (a) 120 ps

(b) 8.33 ka.
(¢) maximum: 440 mV
minimum: 80 mV
prf=125kHz "

Duty cycle = 62.5%

(@) Bus (b) 2us () 125kHz -

(d) OV (e) 3.46mV

18.88 mV

117 mV

ve=4V(l—e ‘F"m')
ic=—-8mAe’
ic=4mA¢02m
0—Luc=20V, :
I Tive=20Ve™ 102y,
To¥Tucs20V(1—e ‘m"")
AT — 2T ve = 20 Ve /02,
Vicope = 10 V207, .
Bz‘ = az’ = ~595°

-Chapter 25

(D:(a)no (b)no (c) 'ye.s
(d) no (e) yes

(ID: (aYyes (b) yes (c)yes
(d) yes (e) no .

(II): (a) yes~ (b) yes (c) no
(d) yes (e) yes

(IV): (@) no_ (b) no (<) )'65
@) yes ' (e) yes .

(a) 19.04V (b)4.53 A
71.87TW

(a) 2 + 2.08 sin(400¢ — 33. 69“) +
08 Bind B0 — €3 139}

=849 A,

. APPENDIX G 111-1179

éb) 251A: fc)24 .

. 2496 sm{d(!)r ~ 33.69%) + .
- 6 sin(8001 = 53.13%) (d) 3009V

13.

15,

17

() 16.64 sin(400f + 56.31°) -+

8 sin(800r + 36.87°) (N 13.06V
(g) 7548 W

(a) 1.2 sin(400z + 53.13°%)

(h) 0.85 A (c) 18 sin(400¢ +
53.13%) (d) 1273 V :

"(€) 18 + 23.98 sin(400¢ — 36.87%)

02473V (g) 1079 W
2.26 X107 sin(377 + 93.66°) +

1.92 X 1072 sin(754¢ + 1.64°)
30 + 30.27 sin(20¢ + 7.59°) +
0.5 sinfd0r — 30°) ;

LChapter 26__ ;

o

11.

13.

15.

7

19.

21.

27.

29,

7= 98684 0

. (@) I =10 pA

(b) Z;, = 45k0
(c) E;, = 69 ¥
Z, = 44,59 k0

. Z,=10k0
. (@) A, = —392.98

(b) A, = -32021 "
(@) Ay, = —23988
(b) E; = 50mV

(e) Z; = 1k} . .
(@) Ag = 6.067 x 10°
M) Ag, =494 x 10
(a) A,, = 1500

(b) .A; = 1875

(o) Ay, =15, A, = 12.5

187.5 -
(2,2, + 2\L,)/
(Zy + Zy + Z3),
zlz:ZlZ,}’(Zl +z:+z;),
3 = 12 g
zy = (Z1Zs + Z,43)/
(&g +Zp + 2oy
(@) yy; = (Y1¥z + Y Y3)/
(Y + Y2+ Y3),
ye = —NYo/(Y; + Y, +Y3),
Y21 = "
Yz = (Y Y2 + ¥pY3)/
(Y + Y2+ Y,y)
hy = L1Zo/(Zy + ),
hy = —-Z\/(Z) + Zy),
hp™= Li/(Z) + Zy),
hay = (Z) + Zy + Ty)/
(2,25 + ZyZy)

d) Ay =
(@), 23 =

.y =Yy + Yo + Y3)/

8 (Y]Yg % Yleg}.
hy = ~Yo/(¥z + Y3),
hyjp = Yy/(Ys + Y3)
by = Yo¥3/(Ya + Ys)

. (a) 47.62 (b) —99

Z;=9219.50 £7139.4°,
Z, = 29.07 kQ £ —86.05°
ll|| = 2.5k, hn = (.5,

C May = =075 h = 0.25 mS
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absolute zero, 71

ac circuils
angular velocity, 546

applications, 573575, 689—695
average power, 604-608
average value, 558-564
capacitance, 591-597
complex numbers, 609-621
computer analysis, 576-579, 627-630
definitions, 539-541 i
effective value, 564-570
frequency, 540°
- frequency response, 597-603, 651661,
673-680

frequency spectrum, 541-544
generation, 538--339
generator, 538
inductance, 590-591
instrumentation, 570-573
introdvction o, 537-3 18

' lagging. 553

leading, 553
parallel, 661-680
period, 540
phase relations, 552-538
polarities, 544 g
power factor, 608-609
radians, 544
resistance, 589 -
rms values, 564570
series, 635-661
series-parallel, 711-739
sinusoidal ac voltage, 537, 538-541,
549-552
B¢ generators, 538
accuracy, 11-12 ~
active filters, 923
admittance, 661-662
admittance diagrams, 663
air gaps, 523525
air timmer capacitors, 409
pir-care inductors, 470
air-core transformers, 1007-1009
alternating waveforms, 537 -

- aluminum, 67

American Wire Gage (A.WG) sizes, 67, 68
ammeters, 54-55. See-alse instrumentation
loading effects, 165-166
in series de circuits, 143

Ampere, André Maric, 40 :
ampere-hour (Ah) rating, 50-51

* defined, 50 : .

. drain current versus, 51

temiperature versus, 52

| amperes, 3,40

Ampere surcnjtil] law, 461,-518-519

-
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*

ampere-tums (At), 464
amplitude, pulse waveform, 1066
analogies
parallel resistors, 196
series dc circuits, 142
series resistors, 138 o
angular velocity, 346
apparent power, 831, 834-836
capacitor, £40-841
defined, 34
A-connccied balanced load, 1045-1046
magnitude, §34-835
power factor, 835
total, 843
- Y-connected balanced lmd 1043
applications
12 V car batfery charger, 57-59 o
{120V at 60 Hz) vcrsm (220 V at 50 Hz),
573-574
answering machines/phones de supply, 60
attenuators, 370-972,
ballast transformer,’ 1020-1022
bousting car battery, 270-272
business sense, 856-857
camera flash lamp, 493
car system, 224-227
constant-current alarm systems, 325-327
dimmer control in automobile, 94-95
electric-baseboard heating element, 91-94 .
electronic circuits, 273-274
" electronic systems, 814-816
flash lamp, 442-446
flashlight, 55-57
fluorescent versus lncandescem' 116-119
GFCI (ground fault circuit lluemlptcr)«
726-727 =
. graphic and parametric c.quahm. 893—901
hall effect sensor, 530-531
holiday lights, 169-171 .
household dimmer switch, 494496
household wiring, 122~ 124, m-zzg
689-690
low-voltage, 1019-1020
magnetic reed switch, 531-532
magnelic resonance imaging (MRI),
532-533 )
miczowave oven, 119-121, 171-172
noise filters, 972-975 . ;
parallel computer bus mnnecuans. 229-230
phase-shift power control, 693-695
portable power generators, 855-856
safety concerns (high voltages and de
vérsus ac), 574-575
schematic m:hnoda] uoltag:s,
328-330
series alarm ¢ireuit, 172
series control, 168-169-

soldering gun, 1016-1118

speaker systems, 690-693

speakers and microphones, 529-530

strajn gauges, 95-96

stray resonance, 898

surge protector (line conditioner),

446449

touch pad, 440442

TV remote,. 10831086

Wheatstope bridge smoke detector, 327-328
Armstrong, Edwin, 6
atoms, 33-35
attenuators application, 970-972
autotransformers, 1012
average induced voltage, 487-489
average power, 565, 604-608
average value, 558-564

B i
Babbage, Charles, 6

Baird, John, 6

ballast transformer appllcanon 10201022
band frequencies, 874

bandwidth
defined, 874
fractional, 876 .
parallel resonant circuits; 883, 890
Bardeen, John, 7
base-line voltage, 1067
batteries, 42-46
cells, 42
lead-acid, 43-44, 214
life factors, 51-53
lithium-ion (Li-ion), 43, 45-46.
nickel-metal-hydride (NIMH), 4445
in parallel, 214 2 =
primary cells, 4243 '
secondary cells, 43
bel, 918
block diagram approach
defined, 249
format, 249

*series-parallel de circnits, 249-252

" Bode, Hendrik Wade, 941

Bode plots, 941-948
branch-current anglysis, 289-294
Brattain, Walter H., 7
breakdown voltage, 401 "
bridge networks (ac), 728——?32 761—766
bridge networks (dc), 3-15-3i9

mesh analysis, 316 ¥

mesh currents, 316

nodal analysis, 316

nodal voliages, 316

symmetrical lattice, 3|6 ]
bobbles, 518 ;

. Business sense appiicm EJG-BS?
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C .
- calculators, 22-26 ot
calibration factor, 570
capacitance, 397-401
capacitance comparison bridge, 766

" capacitors, 395-460

ac circuits, 591-597
applications, 440449
breakdown vohage, 401

" capacitance, 398,402 "
charging phase, 414420
construction, 401-405
current i, 433-435 |
discharging phase, 420-426
dlectric field, 395-397
energy storage, 439
initial conditions, 427-429

_ instantaneous values, 429-430
labeling, 411-412
leakage current, 410-411
measurement, 412-413
in parallel, 435-438
in series, 435-438
standard values, 413 !

_ temperature effects, 411
Thévenin equivalent, 430-433
{ransients, 413-426
types, 405-410

car system application, 224-227

cells. See also batteries
defined, 42
fuel, 48-50
photoconductive, 30-91
primary, 4243

_gecondary, 42, 43
solar, 42, 46-47

ceramic (disc) capacitors, 408-409

ceramic trimmer capacitors, 410

CGS system, 9-10

chiarging, 414-420

chassis ground, 722-723

chokes, 473

circuit analysis, 2

circuit breakers, 115-116

ciffular mils (CM), 65-67

circular wires, 64— 67

clamp-on meters, 573

coefficient of coupling, 988

coils. See inductors 4

+“color coding, 78-82 | '

' compensated attenuator probes, 1083

complex conjugate, 613

complex numbers, 609-621
addition, 614
conversion between forms, 6}1-612
defined, 609
division, 617-619
multiplication, 616-617
polar form, 610-611
rectangular form, 610 fi
subtraction, 614-615

computer analysis. See also Multisim; PSpice
introduction to, 26-28 '
software packages, 27-28

computers, 6

conductance, 82-83

- conductors

defined, 53
" flow, 63
insulators, 70
semiconductors, 70
temperature effects, 70
convenlicnal current flow, 136

‘convcrsion tables, 22

CONVErsions ;
A-Y (ac), 766-770
A-Y (de), 319-324
dependent source, 744-745
independent source, 742-744
Y-A (ac), 766-770

- YA (de), 319-324

Cooper effect, 88

copper, 34-35

comer frequencies, 874, 966

coulomb (C), 36

Coulomb, Charles, 5, 35

Coulomb's law, 35, 396

critical temperature, 89

crossover networks, 969-970

_current, 33, 38-41

current divider rule (CDR), 208-213

ac circuits, 673

defined, 208

equation, 210

two parallef resistors, 211-213
current sensitivity (CS), 267
current sources .

. dependent, 748, 753754

independent, 747, 751-753

in parallel, 287-289

in series, 289

curreni-controlled current source (CCCS),

T12-174
cutoff frequencies, 874
cycle, 540 ~

D 5 .
A-connected generators, 1039-1040
A-A systems, 1040-1042
A-Y systems, 1040-1042
A-Y conversion
dc circuits ;
analogies, 138, 142
methods of analysis, 283-341
parallel, 18'?-24{.:1
series, 135-186.
series-parallel, 245-282
theorems, 343-393
dc current
defined, 41
source, 44 -
decibels {d‘B) 918-923
defined, 913
human auditory response,
920-922
instrumentation, 922-923
levels, 521
power gain, 918-919
voltage gain, 919-920
:Ielu (A) configuration
defined, 319
illustrated, 319

INDEX 111 1181

resistance, 320 1 %
rasistor value, 322

dependent sources, T41-742 -
conversion, 744745
current, 748, 753-754
independent sources versus, 741-742
Norton's theorem (ac circuits), 807-809
superposition theorem (ac circuits),

789-790

‘Thévenin's rhwrcm (ac muus), 796—803
voltage, 747, 755-756

derivative, 587-58%
defined, 587 '
sine wave, 589 ©

_ sinusoidal voltage, 589

diamagnetic materials, 464

dielectric constant, 401

dielectric strength, 401

dielectrics
defined, 400
insertion between plates, 405
relative permitiivity, 401

. difference engine, 6

digital multimeters (DMM), 55, 83
for average valuk, 562
dB scale, 922
storing, 84
digital storage scope (DSO), 557
dimmer control in automobile application, -
94-95 :
diodes, 106
dipped capacitors, 409
direct current. See de circuits
discharging, 420-426
division
» ¢complex numbers, 61".‘—-619
with powers of ten, 15 4
double-subscript notation, 156-157
double-tuned filters, 939-940.
. See also filters
defined, 939
network illustration, 940
PSpice, 976-978
duality principle, 221
ductility, 67
DuFay, Charles, 4
duty eyele, 1070

E . ) .

earth ground, 722 :

eddy currents, 853

Edison effect, 5

Edison, Thomas, 5

effective resistance, 852-855

effective value, 564-570, 991

efficiency, 112-115

electric baseboard heating element
application, 91-94

electric field, 395-397

electric flux lines, 395-397

electrodynamometer movement, 571-572

clectrolytes, 42, 44

elecigolytic n:apaﬁm 407408, 413"

electromagnetic induction, 5

electromagnetic inférference (EMI), 446, 448

electromagnetic theory of light, 5

+



B

1182 |1l INDEX

electromagnetism, 5, 462 .
electron flow, 39, 41
electronic systems application, 814-816
electrons, 33, 34, 35
energy, 109-112
applications, | 16-124
capacitor, 439
conservation of, 112
equation, 109
flaw, 112
flyback, 493
inductor, 492-493
measuring, 109
potential, 38
units comparison, 10_
engineering notation, 17
ENIAC, 6
equivalent circuits, 680-685
even function (axis symmetry), 1095-1096

F
fall time, 1067-1068 -
Faraday, Michael, 5, 308
Fataday's law of electromagnetic
induction, 472
ferromagnetic materials, 464, 512
film capatitors, 408
filters, 923-940
active, 923
band-reject, 937-939
computer analysis, 976-978
defined, 923
double-tuned, 939-940
high-pass, 924, 929-933
low-pass, 924, 925-929
pass-band, 924-925, 933-937
passw:, 923
Stop-band, 924, 925

fixed capacitors, 405-409

fixed inductors, 468-469

fixed resistors, 73-75

fixed-point notation, 16

flash lamp application, 442-446
Fleming, John Ambrose, 6 -
Fleming's valve, 6

floating-point notation, 16

fluorescent versus incandescent application,

116-119
flux, 519 "

flyback, 493

Fourier, Baron Jean, 1094
Fourier analyzers, 1098
Fourier series, 1094-1103
Franklin, Benjamin, 4
free electrons, 35
frequencies :
band, 874
corner, 874, 966
cutoff, 874, 885
" defined, 540 !
half-power, 874
natural, 868
resonant, 888-889
selektivity curve, 875
square wave, 1077
total inwdma versus, 8'1'2—874

transformer, 10031004
transition, 925
frequency counters, 572 ;
frequency fesponse, 597-603
ideal, 597-599
parallel elements, 673-680
parallel R-L circuits, 674680
parallel R-L-C circuits, 674
practical, 599-603
series ac circuits, 651-661 oy
seriés R-C circuits, 652-661
frequency spectrum, 541-544

- fringing, 399, 523

fuel cells, 48-50

full-wave rectifier, 570
function generators, 539, 556
fuses, 115-116

G
Galvani, Luigi, 5
gaussmeters, 465
generators (dc), 47
GECI (ground fault circuit interrupter)

" application, 726-727
Gilbert, William, 4
gold, 67
graphic and parametric equalizers

application, 898-901

Gray, Stephen, 4
ground, fault circuit interrupts (GFCIs), | I.ﬁ
groundmg. 7122-725 ' .

;S L

half-power frequencies, 874

half-wave rectifier, 570

half-wave symmetry, 1096-1097

hall effect sensor application, 530~ 53]

Hay bridge, 764

heat, 63

helium atom, 34 ..

henries (H), 466

Henry, Joseph, 466

Hertz, Heinrich Rudolph, 5

high frequency noise (RFI), 494

high-pass filters, 929-933

horsepower (hp), 107

household dimmer switch application,
494496 : '

household wiring application, 122-124,
227-229, 689-690

hydrogen atom, 33, 34

hysteresis, 514-518

1 ’
ICs. See integrated circuits
ideal pulse, 1065

' impedance diagrams, 630-641

impedance mnld‘ull,g. 996-999
impedances .
capacitive element, 639
4, 766, 767 )
of inductive clement, 637 -
inpnt. I119 1120, 1121 1125, ll45~ll4?
mammum. 884

output, 1119, 1120, 1122, 1125-11267
11451147
parallel, 662
parallel R-C circuits, 670-671
parallel R-L circuits, 668-669
parallel R-L-C circuits, 673
reflected, 994-996
series, 641
subscripted, 786, 788
Thévenin, 795, 796, 797, 798, 799
total, 712713, 720, 872-874, 889
Y, 766, 767 .
independent sources, 741-742
induged voltage, 472-474, 992, 993
inductance, 466472
inductors, 461-509 -
ac circuits, 590-591
air-core, 470
application areas, 470
applications, 493-496
average induced voltage, 487489
average power, 607
chokes, 473
coefficient of coupling, 988
color coding, 471
" common-mode choke, 470
computer analysis, 496-501
construction, 466468
energy storage, 492493
induced voltage, 472-474
initial ‘conditions, 477-<479
instantaneous valtes, 487
labeling, 471472 3
Lenz's law, 473
magnetic field, 461-465, 466
measurement, 472
parallel, 489-490
practical equivalent, 470-471
series, 489-490
-steady-stateconditions, 490——492
Thévenin.equivalent, 484486
types, 468469
variables, 469
\'Dltage 480, 481, 439
inferred absolute tcmpemurc. 70-72
initial conditions
cnpnf:lwc networks, 427429~
inductive networks, 477-479
transient response with, 498-500
initial value, 427
instantaneous values
~ capacitive networks, 429-430 -
defined, 539
inductive networks, 487
transformers, 992
instrumentation
ac circuits, 570-573
ammeters, 54-5A5. 165-166, 201, 267-268"
decibels (dB), 922-923
digital multimeters (DMM), 55, 83,
84, 562 il
loading effects of, [65- 166
“noisinusoidal circuits, 10931 103, 1105
ohmmeters, 83-84, 268-270, 358-359, 573
. oscilloscopes, 556-558, 562-564, 685 .
parallel de eircuits, 200-202 :



. parallel resistors, 196-197

" pulse waveforms, 1073
series de circuits, 142-144 -
series resistors, 138 )
voltmeters, 54-55, 200-201, 219-220

volt-chm-milliammeters (VOM), 55, 83,

219-220
insulators
breakdown strength, 54
- defined, 53
temperature effects, 70
types of, 53
integrated circuits (ICs), 1, 7. See also
ac circuits; de eircuits '
integration, 561
intemal resistance
“defined, 161
slop of line and; 162
in source conversion, 286
of voltage sources, 160-164
iron-core transformers, 990064

currents; 994 '
defined, 990

equivalent circuit, 1000-1003
illustrated, 990

" magnitudes of induced voltages, 992
nameplate data, 1010-1011 .
phase diagram, 1002
reduced equivalent cireuit, 1001

- reflected irripedhncc, 994-996
reflecting secondary circuit into, 1002

iron-vane movement, 266, 267, S?ﬂ

LV:harsc:tanztwu. 108

J
Jounle (1), 9, 36 ?
Joule, James Prescott, 199

K - . i
kilowatthour meter, 109-110 .
Kirchhoff, Gustav Robert, 5, 147
Kirchhoff’s current law (KCL), 204-208
application of, 205-208
" defindd, 204
demonstration, 205
nodal analysis (ac), 752 i
nodal analysis (de), 305, 307, 308, 309
nodes, 205-206
unbalanced Y-confiected loads,
1053, 1054+

- Kirchhoff's voltage law (KVL), 1472151

application of, 147-151

in branchi-current analysis, 289-290
capacitors and, 418

closed loop, 148, 268

defined, 147

equation, 148

in mesh analysis (ac), 745

in mesh analysis (dc), 295

polarities and, 150

unl\mjxmced Y-connected loads, 1055

L

labeling
capacitbr, 411-412
inductor471-472

ladder networks'
-ag, 721722 .
de, 259-261 .
lagging, 553
languages, computer, 26-27 -
lead-acid batteries, 4344, 214

" leading, 553

teading power factor, 609
leakage current, 410-411
leakage flux, 1000
Leibniz wheel, 6,
MLenz's law, 473
Leyden jar, 4
lithium-ion (Li-ion) batteries, 43, 4546
logarjthmic scale, 915
Ibgarithms, 913-916 -
areas of application, 914
basic relationships, 913-914
. graphs; 914-916
_natural, 916
properties of, 916-918
‘useof 913
low-pass filters, 925-929. See also filters
low-voltage application, 1019-1020
M ;
magnetic circuits, 511-336
air gaps, 523-525
Ampére's circuital law, 518-519
applications, 529-533
domain theory, 516, 518
¢lectromagnets, 511
_ ferromagnetic materials, 512
flux, 519, 527-529 -
‘flux density, 511 _
fringing, 523
_ hysteresis, 514-518
magnetic field, §11-512
magnetic flux lines, 513 - y
magnetizing force, 513-514 *
magnetomative force, 3, -} b
normal magnetization curve, 516
Ohm"s law for, 512-513
permenbility, 512
relative permeability, 512
reluctance, 512
residual flux density, 515
saturation, 518
series, 519-523
series-parallel, 525-526
superposition and, 533
tble method, 520-523 .
magnetic field, 46]—465,466, 511-512

magnetic flux lines

defined, 462

magnetic circuits, 513 -

materials, 464
magnetic reed switch application,

531-532
magnetism, domain theory of, 516, 518
magnetizing force, 513-514
magnetomotive force, 464, 511, 513
magnets, permanent, 461, 462, 511, 518 .
malleability, 67
Marconi, Guglielmo, 6_-
matrix approach, 440
-

" INDEX 111 1183

maximum power transfer theorem (ac circuils), ;

- 809-813
conditions definition, Slll)
defined, 809-810°

~ load mslmnce, 812 -

power delivery, 813
maximum power transfer theorem (de circuits),
365-374

defined, 3635
efficiency, 369

‘Joad resistance, 370

. maximum power conditions, 370
PSpice, 382-384
validation of, 365

. Maxwell, James Clerk, 5

Maxwell bridge, 765 | -
Maxwell's equations, 5
memristors, 8688
action of, 87
* defined, 86
illustrated, 86
resistance, 87 ;
mesh analysis (ac), 745-748
bridge network, 761
dependent current sources, 748
dependent vollage sources, 747 -
formar approach, T48-751
gchCral approach, 745-748
mdependenl current sources, 747 i
. independent voltage souices, 745-746
Kirchhoff’s voliage law and, 745 ;
mesh analysis (dc), 204-304 ey
bridge networks, 316 & ;
difined, 294
farmat approach, 300-304 .-
general approach, 294-300
Kirchhoff's voltage law end, 295
mesh (loop) currents, 294
procedure, 295, 301
supermesh turrents, 298-300

meters. See also specific merers

ac, 570-573
capacitance, 412
clamp-on, 573
full-wave rectifier, 570 .
half-wave rectifier, 570
as ideal, 165
power, 851-852
in serjes dc circuits, 142-144 .
methods of analysis (ac), 741-781
mesh (format approach), 748-751
mesh (general approach), 745-748
nodal analysis (foml.ul approach),
756-761
nodal analysis {genﬁ‘al approach),
751756
methods of analysis (dc), 283-341
branch-current, 289-294
computer analysis, 330-332
introduction to, 283
fnesh (format approach), 300-304
mesh (general approach), 294-300
nodal analysis (format approach),
_311-315 ] .
nodal analysis (general approach),
304-311 '
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mica capacifors, 409 ¥ noise filters application, 972-975 3 in dc voltage measurement, 563
microbar (pbar), 920 nonsinusoidal circuits, 1093-1115 ’ defined, 556
microwave oven application, 119-121, addition and subtraction,*1 109 dual-trace, 685
171-172 . . computer analysis, 1109-1112 ground, 723
Millman's theorem, 374-377 " . defined, 1093 . input capacitance, 1082
© accircuits, 814 7 i even-function (axis symmetry), : input impedance determination, 1121
application effect, 374: 1095-1096 _ input resistance, 1082
“application result, 376 y - Fourier series, 1094-1103 in phase measurements, 557
defined, 374 + half-wave symmetry, 1096-1097 - for pulse waveform average
dual effect, 377 input response, 1103-1109 . F value, 1073
equivalent resistance, 375 instrumentation, 1098-1103, 1105 storage, 557
voltage source conversion, 374-375 intreduction to, 1093 : output impedance, 1122, 1125~1 ]26
mirror symmetry, 1096-1097 . mirror symmetry, 1096-1097 defined, 1119
MEKS system, 9-10 odd function (point symmetry), 1095 - definition form, 1120
multiple-load transformers, ]0[3-10]4 repetitive on half cycle, 1097 . determining, 1120-1121
Multisim. See afso computer analysis ] . normal magnetization curve, 516 " for hybrid equivalent circuit,
ac circiits, 576-579, 629-630 y normalization, 926 . - 1145-1147
defined, 27 Norton, Edward L., 361 J
inductive element and ac response, 629—630 Norton's theorem (ac’circuits), ’ P
" introduction to, 27-28 803-809 -~~~ 7 parallel ac circuits, 661680
ladder network vullqé:, 732935 defined, 803 ; admitiance, 661-662
methods of analysis, 331-332 dependent sources, 807-809 computer analysis, 698-699
' ‘Obhm's law, 128-130 . ) equivalent cireuits, 803, §04, 805, 807 current divider rule, 673
parallel ac cireuit, 698-699 . impedance, 804, 806, 808, 809 i equivalent, 682, 685
parallel de circuits, 231232 3 independent sources, 803-807 frequency response, 673-680
resenance, 906-907 ) Norton's theorem (de circuits), 361-364 networks, 666673
series dc cireuits, 174-175 defined, 361 - Ohm's law, 666-667
-superposition theorem, 385-386, 820-821 experimental procedure, 364 R-C, 669-671
transformer (library), 1024-1025 > procedure, 361-362 - R-L, 667-669, 674-680
transient RL respanse, S00-501 notation, 155-160 R-L-C, 671-673, 674
in voltage, current level detemunatmn. 128 double-subscnpt, 156-157 summary, 680
mutual inductance, 987-990 single-subseript, 157 3 susceptance, 663
mutually coupled colls, 1004—1 007 nucleus, 33 ) parallel capacitors, 435438
parallel computer bus connections
N V. (o} appliciition, 229-230
nameplate data, 10101011 . odd function (point symmetry), 1095 parallel current sources, 287-280
. nanotechnology, 1 ) Oersted, Hans Christian, 5 - parallel de circuits, 187-243
natural frequency, 868 ! Ohm, Georg Simon, 5, 102 ) advantages, 224
negative-going pulse, 1067 ohmmeters, 83-84 - ammeter, 201 . -
neutrons, 34 i in impedance measurement, 573 applications, 224-230
Newton (N), 9 ' y in parallel network resistance i computer analysis, 230-232
" nickel-metal-hydride (N:MH} bw.em 44-45 measurement, 196 “ X current, 197, 198
Nipkow, Paul, 6 series, 268~-269 ; ] ' current divider rule (CDR), 208-213
nodal analysis (ac), 751-761 : in series-paralle] de cmns‘ 268—2?0 current through resistor measurement,
bridge newwork, 762 in Thévenin resistance measurement, 201-202 :
analysis, 770-772 * 358-359 g A defined, 187
dependent current sources, 753-754 ; ohms, 3, 63 : - duality, 198 -
dependent voltage sources belween Ohm’s law, 101-104 [ establishing, 197
defined nodes, 755-756 computer analysis, 124-130 instrumentation, 200202
format approach, 756-761 . - ., current gairis, 1128 - i introduction to, 187
general approach, 751-756 ’ current source and, 286 X Kirchhoff’s current law and, 204-208
mdcpgndem sources, 751-753 definéd, 102 =, 14 . open, 214-216
- independent voltage sources between magnetic circuits, 512-513 power distribution, 202-204
assigned nodes, 754-755 * parallel ac circuits, 666-667 power flow, 202 :
nodal analysis (dc), 304-315 phase currents, 1052-1053 protoboards (breadboards), 2232224
Bridge networks, 316 . plotting, 104-106 . resistance, 197-198
defined, 304 power equation and, 107 * resistors, 187-197 t
formt'_app_rmh,jl_l-‘_'ds s d . series ac circuits, 642 . . short, 216-219
general approach, 304-311 - : , series-parallel de vetworks, 246 - - - summary table, 224-222
Kirchhoff's current law and. 335 307, "in voltage drop magnitude, 140 total power, 222
308, 309 ohm/volt ((UV) rating, 220 - ; * troubleshooting techntiques, 222223
nodes, 304 oil capacitors, 409 ] voltage, 197 :
procedure, 305, 311-312 open circuits, 214-216 ' - woltage sources, 213-214
for solving networks with one source, 314 oscilloscopes. See also instrumentation - b volimeter, 200-201 :
superniode approach, 309-311 attenuator probe, 1082-1083 voltmeter loading effects, 219—120
nodal ‘voltages, 316, 328-330 for average value, 562-564 g parallel inductors, 489-490



pamliel resistors, §ee also gesistors
analogies, 196 ) e i
combination, 188 -
current through, 209-213
defined, 187 o
. instrumentation, 196-197
interchanging, 194
schematic representations, 188
total resistarice, 189 1
twa resistors case, 193-196
parallel resonant circuits, 881-898
bandwidth, 885, 890
cutoff frequencies, 885
examples, 892-898
maximum impedance, 884
quality factor, 884-885, 889
selectivity curve, 884887
summary table, 891-892
unity power factor, 882-883 |
paramagnetic materials, 464 '
Pascal, Blaisg, 6
pass-band-filters, 933-937
passive filters, 923
peak amplitude, 539
peak value, 539
peak-to-peak value, 539
period (T), 539+
periodic pulse train, 1069
periodic waveforms, 540
permanent magnets
defined, 461 ’
flux distribution, 462
- magnetic circuits, 518
magnetic field distribution, 511
permeability :
of air, 464, 524
defined, 464
ferromagnetic materials, 512
relative, 465, 512
phase measurements, 685-688
phase relations, 552-558
defined, 554
function generators and, 556
lagging, 553 3
leading, 553 ’
oscilloscope and, 556-558
phasor diagrams, 637
phase sequence %
A-connected generator, 1040
indicator, 1055, 1056
Y-ctnnected generator, 1033-1034
phase voltages, 1030
phase-shift power control appllcnmm 693695 °
phasor diagrams
defined, 623
illustrated, 640
magnitudes, 637
‘paralle] R-C circuits, 570
& parallel R-L circuits, 668, 679, GBD
phase relations, 637
R-L-C circuits, 647, 672
. sefies R-C circuits, 645
series resonant circuits, 869
series R-L circuits, 643
Y-connected generator, 1033
phasors, 621-626

FabY

mcouductiveccl]-!, 90-91 T

“opi (), 319

polar form, complex numbers. 610—61 1
polarities, 103 : :

" polyester capacitors, 408

polyphase systems, 10291064
defined, 1029
A-A system, 1040-1042
A-connected generator, 1039-1040

A-Y system, 1040-1042 i
phase sequence, 1033-1034, 1040
phase voltages, 1030

power, 1042-1048

three-phase sém;amr. 1030-1031

-three-wattmeter method and, 1048-1049
two-wattmeter method and, 1049-1052

unbalanced, 1052-1056
Y-A system, 1037-1039
Y-connected generator, 1031-1037
Popov, Aleksandr, 6
positive-going pulse, 1067

' potential difference, 38

potential energy, 38
potentionteters
defined, 76
loading, 264-266
resistance componénts, 77
in Thévenin resistance mcuur:mem
359, 360
voltage levels, 78 -

. power (ac), 831-866

apparent, 831, 834-836
applications, B55-857
. average, 565, 604-608, 833
capacitive circuit, 839841
computer analysis, 857-861
effective resistance, 852-855
* peneral equation, 831-832
inductive circuit, 836-839
parallel R-C circuils, 670
" parallel R-L circuits, 668
power-facior correction, 847—35 1
quadrature, 841
“reactive, 831, 836-839"
resistive circuit, 832-834'
R-L-C circuits, 672
series R-C circuits, 645
series R-L circuits, 643
series R-L-C eircuits, 647-648
in sinusoidal nettvork, 605
time versus, 605°
power (dc), 106-109 - -
defined, 106
electrical unit of measurement, 106
equation, 107
superposition theorem and, 345 -
power factor, 608-609
power meters, 851-852
power supplies, 47-4§
power triangle, 841-843, 848, 849, 851
power-fictor correction, 847-851
powers of ten, 12-16, 18-19, 25-26
primary cells, 42-43
protoboards (breadboards)
defined, 166
illustrated, 167

! &) o LR L

INDEX 111 1185
\ ;

nelwork setups, 167-168, 243224
paralle] de circuits, 223-224 s
series de circuits, 166-168

protons, 33 -

, PSpice. See also computer analysis
ac bridge network, 728-732
ac circuits, 576, 627-62%
average capacitive current, 451453

B

-  capacitors and ac response, 627-629

current-controlled current source (CCCS),
. T12-774
defined, 27
double-tuned filter, 976-978
Fourier series, 1109-1111
‘introduction to, 27-28
maximum power transfer theorem,
382-384
- nodal analysis, 770-772
Ohm's law, 124-127
parallel de circuits, 230-234
parallel resonance, 903-905
. power curves: resistor, 857-859
power curves: series R-L-C circuit,
B59-861
R-C résponse, 10861088
series de eircuits, 172-174
series resonance, 901-903
series R-L-C circuit, 695-698
series-parallel de circuits, 274 y
Thévenin's theorem, 380-382, 816-820
transformer (controlled sources),
1022-1024
transient RC response, 449-451
. transient response with initial
conditions, 498-500 4
transient RL response, 496-498
in voltage, current, power level -
determination, 125
pulse repetition raté, 1070
pulse train, 1069
pulse transformers, 1012
pulse waveforms, 1065-1091
average value, 1072-1073
computer analysis, 1086-1088.
duty cycle, 10691072
ideal, 1065 i
instrumentation, 1073
pulse repetition rate, 1070
Pytiugaman theorem, B42 \

g " 5 e
quality factor (Q),.870-872

coil, 871

defined, 870

frequency versus, 871

parallel resonant circuit, 884885, 889

R
radians, 544 "
radiation losses, 852
radio, 5-6
R-C circuits
parallel, 669-671
series, 6944646, 651-661
transient, 1073-1075
R-Chigh-pass filter, 920-933, 941-946
] "
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R-C low-pass filter, ﬁj—gﬂ. 946-948 sensing resistors, 1120 introdugtion to, 711
R-C response Series ac rcuits, 635-661 dder retworks, 721-722

PSpice, 1086~1088 | g ‘Ohmisglaw, 642 " arallel de circuits, 245-282
L0 square-wave inputs, 1075—!081 t 5 &mﬁ#ﬁ ammister, 267-268
reactance “Te R 68 _ : - + @pplications, 270-274
capacitive, 593, 638640 S0 s (T 6d6-648 ¥ - ¢ block diagram approach, 249-252
. inductive, 591, 637-638, 887 “gummary, 661 © . * computer analysis, 274
reactive power, 831, 836-839 k voltage divider rule, 648651 configurations, 245
reciprocal, complex number, 613 d series alarm circuit application, 172 defined, 245
reciprocity theorem series capacilors, 435-438 descriptive examples, 252-259
ac circuits, 814 ¢ series control application, 168-169 - genefal approach, 246
_ de eircuits, 379-380 ‘ saries curfent sources, 289 . ladder networks, 259-261
rectangular form, complex numbers, 610 ~series de circuits, 135186 o netwark illustration, 246
convetsion, 611-612 ammeter, 143 . ) . ohmmeter, 268-270
v, format, 610 . . analogies, 142 ; " Ohm's law and, 246
rectification, 47 - . applications, 168172 potentiometer loading, 264-266
reflected impedance, 994-996 app]_i:.d vollage, 148 ; reduce and return approach, 246-249
relative permeability, 465, 512 . computer analysis, 172175 unknown voltages and, 254 .
relative permittivity, 400-401 ) connection of supplies, 147 voltage divider supply, 261-264
reluctance, 512~ - current, 139 . * volumeter, 268 : T A
residual flux density, 515 defined; 139 series-parallel magnetie Gircuits, 525-527
resistance, 63-99 ; duality, 198 - ; sheet resistance, 83 ]
applications, 91-96 - clement interchange, 155 .« Shockley, William, 7
circular wires, 64-67 instrumentation, 142-144 short circuits, 216-219
color coding, 78-82 - | introduction to, 135-136- capacitor and, 417
conductance, 82-83 Kirchhofl's voltage law (KVL) and,” ' defined, 216 |
internal, voliage sources; 160-164 |- AT i, effect determination, 216
mathematical manipulations, 102 loading effects, 165-166 . examples, 216-217 .
metric units, 84-86 : notation, 155-160 : . inductor characteristics, 477
photoconductive cell, 90-91 power distribution, 144145~ : " inductor equivalents, 490, 492
superconductors, §8-90 - prmubom'ds {breadboards), 166-163 ; .~ in Thévenin resistance determination,
temperature effects, 70-73 : " resistance, 140 S 359-361
thermistors, 90 . tesistors, 136-138 g - + Sl system, 9-10
varistors, 91 3 "o schematic representation, 139 significant figures, 11-12
resistivity, 64, 84 - summary {able, 221-222 : siliconchips (dies), 2
resistors : ) total power, 222 . silver, 67
parallel, 187-197 ’ voltage divider rule (VDR), 152 155 single-phase gcncr&lms. 1029
series, 136-138 T ; voltage division, 151=1535 single-pole-double-throw (SPDT) relays, 328
resonance, 867-912 : vollage measuremcnt, 143-144 _ singlesport networks, 1119
paraliel, 881-898 . ® 0 voltage regulation, 160-164 ? ) single-subseript notation, 157
series, 868-881 voltage sources, 145-147 _ ¢ sinusoidal allernating current, 135
siray, 898 ’ - _ voltmeters, 143 . . sinusoidal voltage, 537, 538-541, 549-552, 589
RF chokes, 470 5 # series inductors, 489-490 ¥ derivative, 389 x v
rheostats, 76 ' series magnetic circuits, 519-523 - element response to, 589-397 -
rise time, 1067-1068 ? superposition and, 523 sinusoidal waveforms, 544548, See also -
rms values, 564-570 . g B table method, 520-523 ) ac circuits
Rénigen, Wilhelm, 5 . series ohmmeters, 268-269 o angular velocity, 546
rounding off, 12 b series resistive elements, 151 a areas of positive (negauue) pu]se 561, 562
i series resistors defined, 544
§ . ' BS analogies, 138 - ) derivative, 588, 589
" safety concerns (high voltages and dec +  defined, 136 . function iHusiration, 549
versus ac) application, 574-575 * equation, 136 . - L * generating through vertical pmjccllon 547
saturation, 518 illustrated, 136 % = ! mathematical format, 549
schematic With nodal voltago.s applicauon instrumentation, 138 . phase relations, 552-558
328-330 : * series resonant circuits, 868-881 _ plotting against time, 551
scientific notation, 16-17 : ; bandwidth, 874 J radians, 544
[ secondary cells, 42, 43 ; oxamples, 878881 | ? skin effect, 852-853
selectivity . quality factor (Q}, 870-872 slug, 9 3
’ parallel resonant circuits, selectivity, B74-876 .+ software packages. See also Muluslm‘ PSche
884887 ‘ total impedance, 869, 872-874 defined, 27
series resonant circuits, 814-876 series-parallel ac circuits, 711-739 ' ~ menu, 27
semiconductors / " applications, 725-727 » types of, ET—.r.S
defined, 54 ; : computer analysis, 728-735 : solar cells, 42, 46-47
materials, 548 -~ ) : defined, 711 solid-state era, 7
temperature effects, 70 - “grounding, 722-725 - speaker systems application, 690-693 :
semilog graph paper, 914-915 y illustrative examplés, 711-721 speakers and microphones application, 529-530
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spectrum analyzers, 1098,

square wave
average value, 1098
defined, 1075 =
frequency, 1077
illustrated, 1075,
inputs, R-C response to, 10'?5-1081
period, 1076 3 .
steady-stite conditions, 1081

static electricity, 4~

steady-state conditions, 496-492

- Steinmetz, Charles Prateus, 624

“television, 6

step-down transfotmers, 992
step-up transformers, 992
stop-band filiers, 937-939.
strain gauges application, 95-96
stray capacitances, 439-440 .
stray resonance, 898,
substitution theorem, 377-379
summary tahles
parallel resonant circuits, 891-892
series and paralle] circuits, 221-222
superconductors, 88-90
supermésh approach, 298-300
supermesh current, 299
supernotle approach, 309-311
superposition theorem (ac circuits), 783-790
applications, 783-784
.defined, 783 .
dependent sources, 789-790"
independent sources, 784-788
Multisim, 820-821  ~
 power effects:and, 783
superposition lhmm'n (dc zircuits), 343—350
application of, 344 3
in current through resistor determination, 347
defined, 343, 344
magnetic circuits and, 523
Multisim, 385-386 " e
power effects and, 345
uses, 343-344 :
in voltage source effect on current, 347
surface-mount resistors, 81-82
surge protector {line conditioner)
application, 446449
susceptance, 663 | s
symbols, 22 ¥ .
symmetrical lattice nctwmh 316
system of units, 9-11
CGS, 9
MKS, 9, 10
SL9-10" -

T

Teflon capacitors, 408 %

temperature coeflicient of resistance, 72-73
temperature effects d
cmmm 411 - :
‘esistnce, 70-73 ' F e

terminal voltage, 52, 53

Tesla, Nikola, 464

teslas (T), 464

theorems (ac networks), 783-830
“applications, 814-816
computeranalysis,§16-821

Y substitition, 814
superposition, 783-790
*Ihévenin’s, 790-803

theorems (dc networks), 343-393
computer analysis, 380386 .
maximum pﬂwerl.rln:fu 365-374
Millman's, 374-377
‘Norton's, 361-365
reciprocity, 379-380
substitution, 377-379.
superposition, 343-350
Thévenin's, 350-361

thermistors, 90

"+ Thévenin, Leon-Charles, 351

Thévenin's theorém (ac cicuits), 790-803
" defined, 790
depe'.ndeu!‘sources ?96-8!}3
equivalent circuit, ?92 794, 796, 797,
- - 798, 800 )
. impedanee, 795, 796, 797, 798, 799
independent sources, 791~ 796
PSpice, 816-820. ’
~ voltage, 794, 796, 797 k..

" Thévenin’s theorem (de-circuits), 350-361

Zplu:mnn across sources; 357
fined; 350
Em, measurement, 358 .
experimental procedures, 358-361
procedure, 351-352
PSpice, 380-382, 8156-820
Ry, measurement, 358-361
terminal identification and, 352, 355, 356
uses, 350-351 :
voliage, 358
three-phase generators, 1030
three-wattmeter.method, 1048-1049
three-wire conductors, 723-724
TI-89 calculator. See also calculators
complex numbers, 619-621
exponential function solutions, 418-420 ©
logarithm properties, 917
. nodal analysis (ac), 758
sinusoidal functions, 550-551
superposition theorem (ac circuits), 788
total admittance, 718-719
“total impndmca. 720
wvoltage divider rule (uc}. 649

tilt, 1068

time oonatmt.cils

" toroid coils, 470

transformer raiio, 992

ransformers, 987-1028
air-core, 1007-1109
applications, 1015-1022
computer analysis, 1022-1025
frequency considerations, 1003-1004
impedance matching, 996-999

+ irdn-core, 990-994
isolation, 999

 data, 1010-1011

ok flcted impedance, 994-996

45 tybes of, 10111013

transients (capacitive networks), 413426
charging phase, 413-420 :
d:scharglng phase, 42D—426
exponential functions, solving for, 418-420
time constant, 415
time constant effect on response, 4224126
universal equation, 427

_ transients (inductive networks), 4?4—4?‘1’,

'y i

479-484
Kirchhoff’s voltage law and, 476
release phase, 479484 ¢
R L, 474-477, 479484
storage phase, 474-477
switch closing, 475
transistors
de levels, 256
defined, 7 :
development of, 7 &
True rms Multimeter; 569-570_
TV remote application, 10831086
two-wattmeter method, 10491052

i

unbalanced systems, 1052 1056, See also -
*  polyphase systems
thme-phas:, fnu:-wue Y-conm:ed lnnd
1052-1054
three-phase, three-wire, Y—connocled load
1054-1056 :
units of medsurement, 7-8
v cd - : i
variable capacitors, 409-410. See also capacitors,
air trimmer, 409 - )
ceramic trimmer, 410
defined, 409
symbol, 405
variable inductors, 469~ -

~ variable resistors, 76-78. Seuf.m-mﬂ.sm P

illustrated, 77 . y

potentiometers, 76, 77 . ¥ N

theodlats, 76 - s
varistors, 91

“VDR. See vollage divider rula

virtual ground, 441, : il

 Volta, Count Alessandro, 37

voltage, 33, 35-38 "
applwd. 37 38,39, 40, 148, 198 .
average induced, 487489 S
average value, 559

- base-line, 1067
breakdown, 401

K c@ncilor.MS 418, 421, 435

defining between two polqls. 36
derivative of, 433 .
division, 151-155% -
induced, 472-474, 992, 993

« inductor, 480, 481, 489 .
ladder network, 732-735
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voliage, 33, 35-38 (continued)
line, 1032
-mathematical manipulatior
maximum, 220, 401
nodal, 316, 328+330
parallel circuits, 197
phase, 1030
series resonant circuit, 876-878
sinusoidal ac, 537, 538-541, 589
supply, 107
terminal, 52, 53
Thévenin, 358, 794, 796, 797
voltage divider rule (VDR), 152-155

output vollage aeteruunnnon with, 264
two/more series clements, 154

voltagé divider supply, 261-264
defined, 26t . ;

effective, 262 . .

illustrated, 261 Y
loaded conditions, 262-264 -
no-load conditions, 261262

* voltage gain, 919-920

* high-pass filter, 941

in system analysis, 1123-1126
voltage regulation

defined, 163

equation, 163

series do circuits, 160-164
voltage sources, 41-50

dependent, 747, 755-756, 789-790

‘s dual of current source, 284

-

% rronhgun'.tlon -
£ 319
a9
LIBRARY 320
_Aalue, 321
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alaic cells; 5 X- -rays, S
volt-ampere reactive (VAR), 837
voltmeters, 54-55 ‘e Y _
volt-ohm-milliammeters (VOM), 55, . Y-A conversicn
83,570 ac, 766770 -
‘analog, 219-220 de, 319-324
calibration factor, 570 Y-A systems, 1037-1039
dB scale, 922 £ Y-connected generators, 1031-1037.
ohmyvolt ({W/V) rating, 220 See also polyphase systems
resistance determination, 220 defined, 1031 "
storing, 84 line current, 1032
3 1 line voltage, 1032
w e . phase current, 1032
watt (W), 106, 107 - phase sequence, 1033-1034
‘Watt, Jamnes, 107 phasor diagram, 1033 :
‘wave analyzers, 1098 schematic, 1032
-waveforms . 5 & with Y-connected load, 1035—!031
alternating, 537 - Y-connected load ;
* defined, 539 . ' apparenl pow<" 1043
nonsinusoidal,. 1093—1115 e pow 10335
periodic, 540 . C balanced, 1{ 2-1045
pulse, 1065-1091 power factor, 1044 ’
sinusoidal, 544-548 . reactive power, 1043
Weber, Wilhelm Eduard 463 - (hree-wattmeter t'rheltl-um:!f:‘m.t ::;9
Wheatstone bridge smoke detector : two-wattmeter method for, -
- application, 327-328 ¢ unbalanced, 1052-1056
wire tables, 67-69 : Y-contected generafors with, 1035-1037
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