dc, High-, and Low-Frequency Effects on L and C
For & circuits, e Eraquancy is zarm. and tha reactance of 2 cail &
K = et = In{Oh = 0
The wia of the short~cirouit equivalence for the indector i de cirouits

(Chapiar 12) 1+ oow validaiod At vary bigh foquncies, X = 2/ L
15 wary large, and for some practical application: the indnctor can be

Teplaced by an open cirwit. & equaton form,
=00 [ o fe il (14.100
2nd X, =={l af=sxf: (14.11}

The capaciior can be replaced by an open-cmont equnalance m de
circaits since | = (0, and

X v L)
(%) h.n::- h[{*ﬂ- =
ooce amn substmmatng o previows acton (Capwr 10) At wery
high froquencies. for finite capacrtancas,
1
el Iuf 10

15 vary umadl amd for some practical apphcation: the capacier cam be
replaced by a short crouit. In eqeation foom

Yo=zll mf=s0H: (14.15)

2 =00

¥ o yery bgh TeguEreHs [].-'I-.H::I




FIG. 1428
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145 AVERAGE POWER AND POWER FACTOR

For amy load i a simesoidal ac netwoek, the voimme agoss & load amd
the aurmet thmugh the load will vary m 2 dmeeoids] narere. The ques-
tions then arise, How doos the power i the load determmimed by the
product v/ vary, ad what foed vl cn be mumed o te power
uince i will vary widh tme?

I we takn e penaral case depecied m Fig. 1418 and nse the fol-
liowing for v amd -

v = ¥, smia + &)
i = I, sinfur + #)
then the powar & defzed by
p= = Vot + B, sifar + B)
¥ smur + ) smiur + 8)
Using the trigonometric identiy
sin A sim ff = 22— B — conld + ]

the fiuncriom wnfur + #) anfur + ) becomes
unfur + 0 ) amfer + §)
conlft + 0, — st +8)] — canljs + ) + f + 8]

cofh, ~ ) ~ o2 + b + 0)

-
s0 that Fisad sk Timaruying (Fudicn: o 1
[ ¥, = l‘. -
p = |t o, a;;| | == ot + By + 8)
A plot of v 1, and pom the same set of e s shown m Fig 1429,

Note that the second factor in the precedmg equafion & 2 cosine
wavs with 2n ansplivede of ¥ /.2 amd widh 2 frequancy faice that of




the wokzge or curmet The memape vahe: of this tarres is zeon owver ons
oycle, prodocing no net Tamdr of anorgy M any ome direction
Thﬁﬂmmhmruﬂm;mhmw bz 2 constaor
hfm:;rﬁuhmumﬁ:ﬂtuuﬂnwmﬂumm
for wihich & obwions from Fig. 1439, The mwmape poramr. or real
unumgﬂq&::'ﬂumdﬂmﬂ:‘nﬂmmﬂ.ﬂnn-
pﬁdh}'ﬂulmd.ﬂcumspuni:mﬁnpﬂwnﬂmlm;-imi
for dc petmwrin. The angle (#, — #,) 5 the phase angls betegon & and
I. Since cos{ —ic} = 00% i

the mepninnds gf mrrage power drfoessd it independeny o wlieafier
v iloadls | o i deadls v

Dﬁn.m.gﬂuqmlbﬂ, ], whare | | mdicates that only the mag-
mitde ix insportan amd the sign i imeearil, wee ko

P="5"coud (marn, T (14.14)

wiom F & the sempge poosr n s, This equation can a2l be
written

e =y oo,
["-.-'"" --"-.-E.I
- - ll-
O, EINCG Ly =  amnd | =
- WD i WD

Egeation {14 14) bocoro:

| P=Verlwrcosd | (14.15)
Lat us now apply Egs. (14.14) and (14.17) to the bauic & (. and

Resistor

In 2 prerely mudsthos crat, snce vand ¢ ozre I phase, @, — 8] = @
0°, and cos @ = cos 0F = 1, 5o than



P= Ry | @ (1416)
O, since Ig= ”'?"
then P= % =fait | (W) (1417)

Inductor
In 2 ponly indnctie coouit, since v leads J by 907, B, — 8] = # =
|8 = M. Therefom,

P oS = S5 = OW

The meraps pewer or pover dasipaied By the ideal inducior (me
associmes resEiance) It Tavn Wl

Capacitor
In a pumly capacithe circuit, wnoe | beads vy 80, @, — 8] = @ =
|—8" = ", Thansboze,

F_I ¥
P = -ﬂ. a7 = "J'{I]j:lﬂ-'
The averape pewer or pover deripaied By the eal capactior (a0
associmes resGiance) I TanD Wads

EXAMPLE 14.10 Find %% mwmge poass disdpand i a oetenorik
whose inne comen and wolmge an the following:

{ = Juimar + 4017
v = 10 simfar + H)
Solutior  Sice v and § e In phase, the ot appean v be pady
!
p=-g= - LOOR _ 5w

F=—=——=1i1
- I 3A
VR pRmavip
2=l F—T— 3 =15W

ar P = LR = (TG AFD = BW




EXAMPLE 141 Eﬁmhmunmﬂnmdmm

" - 7] = |30 = 300

con = DHEVHHA) 50 = (1000'W)(D.566)
-
W
L=150V, 8= -T"
L=3A g, = — 50"

=g, 8= -7 - (-30)
[-70" + 50 = |-207 = 20°

Kl
p=-==

con = VA oy - s wym ooy
N14aW

Power Factor

In the equation P = (¥, [, Tjcos 6, the Soor gt bag significant con-
ool over the dalreered powrer level is the cos . Mo mather oo Largs: the
wvolage or coment, if cos § = 0, the powr is wom; ifcos = 1, the
prasr deitoered 5 2 moeinmm . Since it kbas mch coninol, the expresson
W ghven the nare power facior md is dafined by

| Power facior = ¥, = cos @ | (14.18)

Fr:rapmﬂ;rmﬁi..ﬁuhuimﬂlul:hm:hmhﬂn 14.30, the
phass angle bermmem vand 115 0" and ¢, = cos ! = cos 0 Tha powar
deiteered is a maxinem of (V. /.7) om # :[]{I}'L“_,l:_'ﬁ.n’:.]"":l 1)
20w

For a prareiy meacts: load (miincee or capacitneg)] such a: the one
thoam in Fig 14.31, the ploss angle betasan v and 1 is #0° and K,
oos @ = cos W) = O The poaer dalivered & then the mrimimmem vahe
of mero wais, even teomsh the correst has dee some pesl valoe
thar enconmtered n Fig 14.30.

For shotions where the loud & a combination of mesistes and
Teactive alemants, the porar fachor will ey betowen O mnd 1. The
mom maisie the ool mpedance, the coser the: power factor is o
1; the more macrtee e tofal impedancs, the closer the power fcor
is o O

In mrms of f% numps powar and the wmrmal volage and oo
Tant,

J'.@ 1H] ¥ ﬂ;‘nﬂ

Parely resistnar bl with F,

3 Gon

FIG. 141
Parely inductie load witk F,

& -

P — W

'

& =0
e

Fe0w
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e (=2 mrimr + 4}

¥ = 5 mipr - F)

FIG. 1432
Fumpk 14,1270,

i ow | Xaniad o HF)
im ::'.||||.‘1 i }lr,.

FIG. 14.33
Fumple 14,10,
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g2y

| e=p-mow

hmb= o )

The forms Jeocdg and kepying are oftun waiien in compmcton wd
the power facter. ey ame dyfad by she curmenr drmugh the bad I
the cavent leads e vl aow: 2 bad te bad b 2 leadine
powrer factor. I the curmant bags e voltage acmss the load, the load
hzs 2 lagging power facter. In othar wond:,

capacive nepecrks hive leadmg power fariorr, and maucive
nenwarks heve lngemg pver faciorr.

The mportancs of the powar Bcior to powsr distmbeon sysiems 1
axmmed 1n Chapiiar 19 In fact, one secfion &5 devoted to power-facior
[T

EXAMPLE 14.12 Dstuning s powar fcursofthe fllwving leods,
and e whithar e e g or bnggng
1 Fig 1432

b Fig. 143
: Fig 1434

Solutire:
1§, = o = om0 (207 = con 60 = 05 lenin
b A, = cond B0 - 30 = cos 50 - 06408 i
P INW W
F = o :
CO T e VA MW
T oo i itn,a s e i e g




