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(a) (b) Voltage and current versus
time for dc

' FIGURE(1 — 1)In a dc circuit, voltage polarities and current directions
do not change.
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FIGURE (1-2) Sinusoidal ac waveforms. Values above the axis are
positive while values below are negative.
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FIGURE( 1-3) Symbol for a sinusoidal voltage source. Lowercase letter
€ is used to indicate that the voltage varies with time.
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FIGURE (1-4) Current direction reverses
when the source polarity reverses

FIGURE( 1-5) Current has
the same wave shape as
voltage.
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(a) 0° Position: Coil sides move (b) 90° Position: Coil end A is positive
parallel to flux lines. Since no flux is with respect to'B. Current direction
being cut, induced voltage is zero. is out of slip ring A.

(d) 270° Position: Voltage-polarily ‘
(c) 180° Position: Coil again cutting has reversed, therefore, current
no flux. Induced voltage is-zero. direction has also reversed.

FIGURE (1-6) Generating an ac voltage. The 0 position of the coil is
defined as in (a) where the coil sides move parallel to the flux lines.
In practice, the rotations are so fast that the light does not have
time to go out and so appears to be continuously on.
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FIGURE( 1-7) Coil voltage versus angular position.
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FIGURE( 1-8) Cycle scaled in time.

600 rpm, the cycle length is 100 ms.
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(a) Sinusoidal voliage (b) Values scaled from the photograph

FIGURE (1-9) Instantaneous values.
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Sine wave
Square wave

Triungle wave
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(a) Model 4045 Function Generator g {(b) Sample waveforms

FIGURE ( 1-10 ) Electronic function generators provide

a variety of variable-frequency, variable-amplitude
waveforms.
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FIGURE ( 1-11 ) ac Voltage and current
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@) () Timeriie=10V and
i = 2 A. Thus, voliage and

current have the polarity

and direction indicated.

L]
‘ 50

(WTimere=-10Vandi= -2 A,
Thus. voltage polarity is ite to
that indicated and current direction
is opposite to the arrow direction.

FIGURE( 1-12 ) Mustrating the ac voltage and current convention.
eI

Fgure 1 -13(b) shows one ycle of a triangular voltage wave. Determine the
curcm and o dirccioawt 1 =0, 1, 2. 3.4, 5.6, 7. 8 9, 10, 11, and 12 ps and
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@ (b) Voltage
i(mA)
4
Home ' 1-13

Solution Apply Ohm's Law at each point in time. At = O ps,e = 0V.s0i =
eR=0V20K) =0mA Ats = 1 ps, e = 30V, Thus, i = e/R = 30V20k6) =
ISmA Al 1= 2pus, ¢ = 60V Thus, i = ¢/R = 60 V/20 k(] = 3 mA,
Cootinuing in this manser, you get the values shown in Table | ~I. The wave-

form is plotied as Figuee . 493,




PFIACTICE PROBLEMS 1

1. Let the source voltage of Figure | -1} be the waveform of Figure | 9, If
R = 2.5 k1), determine the current at 1 = 0, 0.5, 1, 1.5, 3, 4.5. and $.25 ma,

2. For Figure § =13, If R = 180 (). determine the current at 7 = 1.5, 3, 7.5,
and 9 ps,

Answers
1. 0.8, 14, 16,0, =16, ~11.2 (all mA)

2. 025,05, 025, ~0.5 (il A)

-: Frequency and Period 3,530 (a3 533531 1.1

-: Frequency 22 7l o

IHz = 1 cycle persecond , Hertz sas sy (uliy 5 4360 <l galf aae 4y 53 300 G 2
(1 Hz) 8 2,58 o 5 8aal g 46 a5 55 )50 (o Aapall i (1-14-2) JS20 3
- (2 Hz )25l O o) sl gl G000 8 (045553 & A sl 08 (1-14-b) I <
(60 Hz ) 3,8 of o) Al 35550 10 8 Aa gl o (1-14-¢) JS 3

4 Sk | 4 Cycle _’ Cycle ! I'_ Cycle G?Cy;lﬁ
L AW AW ; ::;q A il
Wiy gty - N\ ;

f— 1 second —»| «<— | second —»| +— 1 second —|

(a) I cycle per second =1 Hz (b) 2 cycles per second =2 Hz (c) 60 cycles per second = 60 Hz
FIGURE (1-14) Frequency is measured in Hertz (Hz).
-: Period 3 sl (1a) o
a5 8aa) 5 ALelS B g0 Lgh yaiuds N Ay 31 5 5l a5 T Cayallilgd S g 5500
Lade, (f =.:.". ) & &' .(f) Frequency i) (o sSae 4 5530 0 o LS Tl
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FIGURE (1~15) Period, T is the duration of
one cycle, measured in seconds.
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a What is the period of 2 50-Hz voltage?
b. What is the period of a 1-MHz current?

Sciation
e e T
a 7 7 S0mz X0 ms
f I1XI0°H

o ~ siamPie W-3

Figurc | -16 shows an ascilloscepe trace of a square wave, Controls have been
se1 such that each horizomal division represents 50 ps. Determine the wave-

form’s frequency. dage g sl ‘dS...:D
YL PTINEY LI PEQ S PR
e Al K (585 Cuay
‘.,-A @Y‘ JJ‘“‘“
50 us
i%)a.u -\Jﬂi ;,;.nal

FIGURE | —16 The concepts of frequency and period apply also to nonsinusaidal
waveforms. Hese, T = 4div X 30 pe/div = 200 ps,

Solution Since the wave repeats itself every 200 ps. its period is 200 ps und

——————— = § k{7
WM o~ 10" kHz

{=
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FIGURE( 1-17) Period may be measured between any two corresponding points

(1-18) S8, A pall A gall 23 501 3K 55301 (35 295

® l T»=10ms l
VN // . .y Solution Time interval 7| does not represent a period as it is not measured
\\_/ between corresponding points. Interval 7, however, is. Thus, T = 10 ms and
T] =8 ms | I
=—==———— = |00 Hz
fIGURE 1 -18 ST = %1075

-: Amplitude and Peak Value 4!l 4 g A gall daus ) -V

Amplitude 4> gall 42 @
Peak-to-peak Al - iaddilgh el dagalldau A By ol (1-19-a,b) ISl

b a2l (il laddul (Sayy (1-19-a) JSEI ALS Vo S E, Wl < voltage
Jpp D Ja

-:Peak Value 4<ill 4ad o
il e il R et o ]l El il Al 8 2o gl Al A
1318 (e il Cus DC value 3 aiue daf o A4S jo daua Aa 5o dlay (1-19-b) JSA

Ac Amplitude) , dzusll ds gall dxs po b el 41l pax dials (oo 4b S
 E+E,, » Al i Peak 4l of sl . (Dc voltage +

11




- !
0 ¥ 1 |Epp
Eﬂ!
......... X
(1) (b)

FIGURE (1-19) Definitions.

The Basic Sine Wave Equation Asuall 4a sall 43ulu¥) dolaa) V-A
;é}ﬂS o2t Anall da gall ApullaY) alalzall

e = Esin« (V) . (1-4)

el haidad JAel A E ) Ss Al ds gl Al Aol & () — £) Aalaall
(1-23-2) ISl | uudlinall Jloall g Calall lgaioay Al ) W g8 oc el . A2 sl
ia gy ((1-23-b) Jal Ll puplaliaall Jlaall Jads calal) Lmbosy ) o 50 ) s
o s Al @l Aad | o Ayl M (e laie YU W a5 sl 4 gall Apunall A gal)
| xic B, dusseabie dad gluiy (< =0°¢180° 360° or o= 0, =, 27) p2dl

12

L ox=270° e -Ep Adbu abe dady o= 90°

Rotation

e=E, sin o
Rotation

/2 14 3n/2 2n

(a) End view showing coil position (b) Voltage waveform

FIGURE( 1-23)Coil voltage versus angular position.




EXAMPLE (1-5)
CEp =100 V sl (1-23-b) S8 b (amplitude ) Ap pall dass Jf Ja 4 e
¢ o =30, 330° sie aldl il g Gl

-2 Jaly
e = EpSin ‘)
e = 100 sin k..
At = 30%e= : ¥ e
100sin30° =50V b § 7
Atx= 330%e = 100sin330°= =50V  -j0d-------..
FIGURE( 1-24)

-: PRACTICE PROBLEMS 2

o Rl Al il o) (i e | staal) gl e (i dndal) aasnd
Al dd )y e iUl awyl a3( e = 100 sin )
TABLE ( 1-2) Data for Plotting e =100 sinx

- b r* . .
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- Angular Velogity @ 43 ) de pudl ) -1
. (omega) ® W& ey calall o530 e 3 Jandll Lol &y ) 31 eyl i a3
oAt M de yudl gl t= 1 second Ol b 30° W sk oc gyl cale s 131/ JuaS

o YIS aad Caldl
a= wt ISpEa § L)
Expressions for t and w can now be found. They are
- &
= (s) s L1~0)
W =% ...... (1-7)

EXAMPLE (1-6) :-
e M (e Bty oS @ = 300°/s Lyl e s e s B
¢ aLlSs ) Jasd
of = - Jall
—-—rzi.z.—-—i - 4le 360° i AklSE )0

FIGURE( 1-2°)
_a _ 360 degrees __
o @ 300deg:ees = 1.2s
£T =128 LT 3ol saal gl 5530 a3l e ddle

¢ a5 JS) Sla b @ 4y M e pall Cawal 360 rpm <ale Hha

14




-: Radian Measure (4 hé Ciai 4 3 ) 31 1 (ubdl) Vo)
-1 (Y (ant ila jall a1l day 3 Al AR
2t radians = 360° (1-8)

0 w2 %7 (radians)

3 O 90° 180° 270° 360° (degrees)
(@) 360° = 24 radians (b) Cycle lengih scaled in degrees

and radians

FIGURE (1-26) Radian measure.

- OOV ()l 20255 radians , degrees  m Jagaill
o om
A radians = 180° X a degrees (1‘9)
180°
X degrees — o X & radians (1-10)

TABLE( 1-3) Selected Angles in Degrees and Radians

a. Conven 315° to radians. EXAMPLE (1-7)
b. Convert 57/4 radians to degrees.

Solution
a. Qagian = (W/180°)(315°) = 5.5 rad

e b. Qluegoes = (180°/m)(5m/d) = 225°
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TABLE ( 1-4)Values for Rapid Sketching 0o 90 "WWW’
o f (a) Degrees
el . ey L) e Valueotsing
i : & 2 00 4 27 rad ~
45 w4 m 0707 ) e e
% 0 ™ 10 0 T
135 W m 07 2 1\2’/"’
180 & 1 m 00 .
s Se/4 s ~007 S
m w.: <) R he g V(A0
31 ‘! by m_; o v_’/‘:;-: ~o"1m ,,“" T(’)
360 * - T o 00508 !
o 1 o e
NG ST
(c) Period

FIGURE ( 1-27 )Comparison of
various horizontal scales. Cycle length
may be scaled in degrees, radians, or

period.
EXAMPLE( 1-8) ;-
U5l pasiul f=25 kHz o355 4 mA (amplitude) 4w s il hbia o

. ‘;'I:h.n.“ Jgaall
Solution For this waveform, T = 1/25 kHz = 40 s, Thus,
1. Lay outthe fime axis withthe end of the cyele marked 1 40 s, the half <ycle HmA)
point 25 20 s, the quarier-cycle point as 10 s, and s0 on (Figure | -28),
2. The pesk value (ic., 4 mA) occurs at the quarter-cycle point, which is 283%-
10 s on the waveform. Likewise, —4 mA occurs at 30 ps. Now sketch.
3. Values at otber time points can be determined casily if needed. For "
example, the value at § s can be calculated by noting that 5 s is one-
eighth of a cycle, or 45°, Thus, / = 4 sin 45° mA = 2.83 mA. Alternately, ggs] el
from Table 1 4,2 T8, i = (4 mA)(0.707) = 2.83 mA. As many points 4 EE AL 2
as you need can be computed and plotted in this manner.

1(s)

Figure 1-28

16
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Ay il Jo J geandl (Sas

wT = 27 (rad) (1. -11)
Thus,

w = 2—;— (rad/s) (1 -=12)
Recall that, f = 1/7 Hz. Substituting this into Equation 1 -12 you get

w = 2nf (rad/s) a -13)

Note that w is referred to as radian frequency.

60 Hz , 50 Hz &l il @ Gl

Solution For 60 Hz, w = 2xf = 2#(60) = 377 rad/s. For S0 Hz. w = 2xf =
2#(50) = 314.2 rad/s.

PRACTICE PROBLEM:-
$27s FfEais) 0S8, T, f ual @ =240rad/s <SS 1-)
L@ Gl 4535 3550 56000 Chas 131

Answers
1. 26.18 ms, 38.2 Hz, 1031 cyclcs

2. 100.5 X 10° rad/s

17
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-:Sinusoidal Voltages and Currents as Functions of Time

e = £, sin wr (1 ~14a)
Similarly,
v =V, sin wr (1 ~14b)
i = [, sin wt (1 -14¢)
EXAMPLE 1-10:-

O MU ¢ Asladll JS3 | 150 volts A 5o drasyy 100 Hz 335 s 4l 8 j2me
¢

Solution © = 2af = 22(100) = 628 rad/s and E,, = 150 V. Thus, ¢ = E,, sin
@r = 150 sin 628 V.

dg,a]ll \‘:‘30‘ CSas s radians = & wt CJB ‘\;nlcj rad/SBC ) Cilaa g 30e
Degrees ‘;.LBE o Rads ?U-.-'ai alasfinl Sy Gliliaall ‘;s 45 g\ 3 deg[ees Sila yall
1.25ms (=5 2 e = 150sin 628t 48all 8 431 gall Clias Y e JUS,

Working in Rads. With your calculator in the RAD mode, ¢ = 150 sin(628)
(1.25 X 107%) = 150 sin 0.785 rad = 106 V.

Working in Degrees. 0.785 rad = 45°. Thus, ¢ = 150 sin 45° = 106 V as before.

EXAMPLE]-1]1
(V)
For v = 170 sin 2450¢, determine v at ¢ = 3.65 ms and show the point on the v t
waveform. {20 esssins

TV
Solution « — 2450 rad/s. Therefore, wi ~ (2450)(3.65 X 10 *) - 8.943 rad - A—> 1 (ms)
S124° Thus, v = 170 sin 5124° = 783 V. Alicmatively, v = 170 sin 8.943 \/ 365

rad = 788 V. The point is plotted on the waveform in Figure | ~29.

FIGURE (1-29)
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- 48y
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v=V,sinx . (l-15a)
«=sin"'-=  .(1-15b) 2 Y sl e LS s
=%/, .(1-15¢) A et el Sladd S
EXAMPLE 1-12:-
« 1B saie. 33553 63 o ) cruenl T=0,1205 530 a3 10A n g Hnes pimn A
i=50A-a
i=-50A -b

Solution
a. Consider Figure 1 -30. As you can sce, there are two points on the
waveform where i = 5 A. Let these be denoted ¢, and #5, respectively. First,
determine

Let i = 10 sin a A. Now, find the angle o) at which i = S A:

| SA
= '--z: = = -}

a) = sin I sin~ OA sin™'0.5 = 30° = 0.5236 rad
Thus, t; = a)/w = (05236rad)/(5236nd/s)" 0.0l s = 10 ms. Thisis
indicated in Figure 1 -30. Now consider .. Because of symmetry, #» is the
same distance back from the half-cycle point as 1, is in from the beginning
of the cycle. Thus, 1y = 60 ms — 10 ms = 50 ms,

b. Similarly, 13 (the first point at which i = ~§ A occurs) is 10 ms past mid-
point, while 14 is 10 ms back from the end of the cycle. Thus, 1; = 70 ms
and Iy = 110 ms,

FIGURE ( 1-30)
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Yoltage and Current with Phase Shift oshl )}l sie Ll e 4l gdh) V1Y

O OSan a5V gk dal ) clliai Wl t = 0 e yiaall YA Lyyall D gl a5 013
JSA (8 LS jlagll oladly Al jall A gall | (1-31) JS8 BaaY | Cpagll o) luatll (455
(YIS (lani dn gl (i (1-31-2)

v=V,sin(wr + 8) (1 -16a)

while, for a waveform shifted right as in (b),

v =V, sin(wt — 0) (1 -16b)
V Vm E-3
*'I ! feaie- (01 (rad -+ cor (vad)
—40 NS : = 9|<— Pt
(@) v =V,, sin(wt + 6) (b) v = V,, sin(wr — 6)

FIGURE( 1-31)Waveforms with phase shifts. Angle 0 is normally
measured in degrees, yielding mixed angular units. (See Note).

@ Glaaglel radians (A @t g S Lbde (1-16-a,b) Ol A8 :Adlada
. radians ¢ degrees Lad3S Lo} laa gl dia 65 g Al o34 A degrees (S

EXAMPLE 1-13 :-

e (0 =n/6 rad/s ie (30°/s)) s v =20 sin(wt — 60°) olgay
- (1-32) JS8H A daiia gall dal jall da yall

Solution -
- = 2 sin (o0 - 6
. S o 6 e bt g, o - 609 s o anangle Letsefieit | /N’ it
as x Thea v = 20 sim x, which means that the shificd wave is also sinusoidal,
2. Consider v = sinwr = 60°). At 1= 0s, v =20sin0 - 60°) =
20 sin(~60°) = ~17.3V as indicated in Figure | -32,
3. Since w = 30’5, it takes 2 5 for wf 1o reach 60°, Thus, at1 = 25,0 =
20 sin(60° = 60°) = 20sin 0° = 0V, and the waveform passes through
zero at 1 = 2 5 28 indicated. FIGURE (1-32)

£ e

H I

B oy

<
"4
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[0 sin (- 60°) = - 17.3V
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EXAMPLE 1-14 :-

f=60Hz ¢us . (1-33-a) JS&I 4 Aaia gall da pall Adleall 22 ) -3
t=4 ms e U Cuel o

(a) (b) (c) @ =40°

FIGURE (1-33)

Solution

a. I, = 2 A and w = 2w(60) = 377 rad/s. This waveform corresponds to|
Figure 1-31(b) with@ = 120°. Therefore,

i = I, sin(wr — ) = 2sin(377t — 120°)A
At t = 4 ms, current is

i = 2sin(377 X 4 ms — 120°) = 2 sin(1.508 rad — 120°)
= 2 sin(86.4° — 120°) = 2sin(—33.64°) = —1.11 A.

[ H.W.] Repeat (a) for Figure 1-33-b -b
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