The Basic Elements

and Phasors

141 INTRODUCTION

Tha: response of e basic R, [, and ( alepwevis e 2 simisoidal volage
any] et will be wxamingd m this chapiar, with special note of how
frequency will afect the “oppoung” characienshe of cach elemwent
Phasor notetiom will than e ioiroduced to eszbith a pwdhod of amaby-
uis St permits 3 direct camespondemce with 3 mmnbar of the mathods
theorams, and conceph introdnced m & do chapiars.

14.2 THE DERIVATIVE

In ardar to mmdorstand the respomss of the basic & 1_ and (” clamenis 1o
2 simmsoddal wizmal, you need o exmrng the concept of the derivatdve
in soene detail. It will mot be necessary that vou become proficient m the
maihomancal Rchnique, bt sply that vou undarsiend the opact of 2
malatmchp dafined by a denamm

Rocall from Section 10.1] tha the derhains dolar i defmod 2 the
mam of chomgo of » with mepect to tmme. [f v frk to changs at a partcn-
lar mtant, o = 0, and 8w desnatte 15 paro. For the ammiscada] wane-
fomm, </ 15 aro onby at the postitee and nesxtne peals (o = 72 and
ir m Fig 14.1), umoe x faik to chonge at thew Instants of tme. The
darnativg ooy 1s acmally e slope of the fraph &t amy metnt of ome.

A close eminaticm of the simzmdal weionn will also mdicais
thar the preatest changs in v will coour at the mseen o = O, 7, 20d 27
The derrretne 5 tharefore 3 maomem at thess poiots. At 0 and 27, &
increases at i Deatest mte, and the derrreinie 5 wm a poadine aEm
rince v increaves with ame Ad v, do'dk deceases at the same e as it
increases at ) azed v, bt the derracw o iwn 2 nesxthe sign Hnce &
decases with ome. Snce e mam of chanes at 0, =, and 27 i the
sarm, tho marwtads of the dermre 2t thoews potons is the amw aka.
Fior varions, vales of wr botmean these moormns and minimae e diees-
aine Wil @ost and will hone valnes Som the penipaies to the paaarmem
incheron A plot of the danatne m Fig 141 hown that

the derPeardve of & TPae wilve Is 2 COSTE WEE
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Definiay those peants iv o sovasoidal wavwe firm fhat Aove matioun avd
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FIG. 142
Derivattoe of e xine wave of Fiw. 14

The peak value of &6 coune wawe is dooctly molwted to &6 fe-
quancy of the onignal wneform. The highar the frequancy, the steepar
the slope at the horizoatal axis and the mwater the valwe of dvidr, 2

FIG. 143
Effect of frequency on the peck valwe of the dertvative.



Moo n Fig. 143 that ovum thomgh both wermsdmes (v, and 1) e
the s peal vahe, the simsoida] fmction with the igher Faqency
produces the larger peai vale for the: derrmites. In addition, nods: that

the devivaiive of @ wine winve Ras the reme perind s fregeamey as
For the simicddal woltage
e(f) = Eo sinfur = )
the darramu cam be Soemd directly by diSerenfiafion {calohe) o pro-
duce the following:

d ]
— #ff] = wF, ool = §)
o = dwiE, ool + ) D

'H:m:nn-:]:l.l:l.u: of the dfferenfistion process will not be dwnssed or
im zarwill Sy e required o comtinme with tho text. Note,
]Jn'nmﬂntﬂn]ni'rﬂmn:fﬂ:ﬂ-hm'lir " I 8 fimcion of the
frequency of i), and the dernatiog of a sine wans 15 3 Cosdne wave.

14.3 RESPONSE OF BASIC R, L, AND C
ELEMENTS TO A SINUSOIDAL VOLTAGE
OR CURRENT

oy thart we am familisr with fhe characteritics of the daramm of 2
pmsmdy] fimction, we can ireatipie the mepome of e hasic sle-
mants, K, [, and 1o a simsmdal voltags or oot

Resistor

For pooer-line Soquencies and Sequencies up o 2 fw mdred kilo-
bartz, mosistencs it for all practcal parposes, mafecied by &e Ie-
quancy of i appbed dmsoidal wolbge o oo, For this. fequency
regom, the mekter A of Fig 144 cam be muated 25 a comont, and
Ol ln'mhnq:g:hﬂ-iu:l’ulhn‘:-.l'a:v ¥ m wr,

v oV smur
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B B Rsu:u..:: 1 w0 o

¥

WieTs I'=I- (14.2)

In addition, for a given i,
v=iR = (.ol = R unwr = Pl

W Vo= LA (14.3)

A plot of v and | in Fig. 147 reveals

Jor a purely resistive slemeny, the veltage acress and the cerrent
terouph fie elemens are i placr, with dheir prak valuer relabed by
im’s Low.

FiG. 14.4
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FIG. 146

Defining the opposition of ar clement fv the
Sione of charye throagh the clement.

FIG. 147
Defining the parameiers St delermme the
opposttion of ar iedvciive clemen? io Sie flow
charge.
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FIG. 148
lvextipating the smenvidel respesur of ax
imdvciive cloment

Inductor

For the sanes confipration of Fig. 146, the woltage v, of the
boxed-n clemext opposes the source ¢ and tharshy reduces the mog-
mituds of the cumsat /. The itude of the voltage acoss the ele-
ment is determined by ©6 oppositicn of the elament to the Sow of
charge, or cament (. For a mastve clement, we e fomnd that the
opposition is It mestance and Sat v ad [ we determned by
V.._.ZIR

We found = Chopter 12 that the woltage acoss = mducior s
directly related %o the rate of changs of current Srough &6 cotl Comse-
quantly, the gher the Sequency, the mreater will be &6 nw of change
of carent trough the coil and the emer &6 magmmds of the vol-
am. [z additen, we found in the same chapar that the inductance of 2
codl will deterzuing the rate of changs of the fiax Imiong 2 cail for a par-
ticalar changs i carent the cotl The higher the mductance,
the meatar e ram of change of e Sux Lnkager xmd the meamr the

woltage acqoss &6 cod.

The mductive voltage, therefors, 3 dimcdy mlakd © the Sequency
(umpdnnyhngbﬂnydﬁ-oﬂxm
tirough ©¢ coil) and the mductance of the call. For increasmg values
of fand | m Fig 147, the magmtade of v, wall increase 2 described
abovs.

Utilizing the silaritios betwesn Figs. 146 and 14.7, we find thae
incrsasing levels of v are dzectly related to increasing lewsls of oppo-
siton in Fig 146 Siace v will increase with both w (= 2v/) and /.,
the opposition of a inducthve elememt is a5 defmed m Fig 14.7.

We mill sow venfy wow of &6 precedms conchusions using 2 mom
mathematcal approach and then defing a fow mmportnt quantities to be

m the wections and to Sollow:
For the inductor of Fig 148, we recall Srom Chapter 12 tha
&,

Vlil-z‘

P ——

& i{l sin uf) = wi_ COs uf

£ = L(wl, cos ) = wit_ cosur

or v, = V,_ amfw + 909
Ve = wll,

Note that the peak value of v is directly related o w (= 2%/) and L
2 prodcted in the discussion sbovs.

A plot of v, and 1, m Fig 149 roveals St
Jor an inducior, v, leads i, by 9, or i, lags v, by 90"

If a phase angle i inciuded in the simmoddal exposssicn for |, suck
b9

‘0’. m l-ﬁ“: ')

taan w = wld, sinfut + 9 + 909
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Tha cpposition esbliched oy an indnctor in a simpsoids] ac oo
can nore ba found by appiying Bg. (4.1):
T
-
wiich, for o perposes. can be written.

- » Cailse
Eubstimineg valogs, we bonw

Dppoadticn .'- 7 all.

revgaling that the opposdtion esizbiidhod by an indecior in an ac sioo-
woidall mabaodk s dimectty milated to the prodnct of e ansalar welocty
[ = 2w} and the mdnchancn, venfying our carliar conclesions.

Tha qoanitry wf, called the rescEmee {froms the womd reccdor) of 2
indnetor, is symbobcally eoresesied by X 2nd is messured in oles:
that iz,

Effwct

(ol 11) (4.0)
Im an COhen's by Sooreoyt, s smgnimds: can be detsrreizod fom
F.
n=—7" {rolws, 1) (A4.5)

Inctectivg: resciznog is the opposition o the Sow of cormems, wikch
results in the contmual tsterchangs of wargy beteoon the wource amd
the magmetic ficld of the Indwser In other wonds, indw-the mactanca,
mnliks mesisance (aidch dissipaos enargy e form of heaf) does mot
dissipans elbectrical soeegy (fovormg the oot of the Intama] msisanes
of the o)

Capacitor

Lot ms mower moinm io the sanes. conSporation of Fig 14.6 and ineart the
capaicior a5 the clement of viemst For the capacitor. bosmoar, we mill
domoring | for 2 particular woltpe acroas e clamant When thiz
approach reaches i conchision, the mlstonchip beraean S wohzge
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fe = €T = b o8 ) = o ¥ ot

or ie = [ sinfuwr + 907
m ll- 'h":rl‘.-
Hote thar the peak value of i~ s directly mbited 10 w (= 1vf) ad O,
a predicted In the disonssion shovw.
iﬁtﬂ‘fﬁ%ﬁil’.:iﬂﬂﬁ. 14.12 maxals ot 2 ke lexda g by B
Jor o capaiios, I lsads v by MF or v laps i by WP K.
If 2 phass angle 3 incladed & the simusoidal expressdon for v, suck i %

. 4

¥ = Vo it = ) -l E 3r [= at
then ip = wl 'V, unfur + # + 807
Appiymg

N ennE FIG. 14.12
Cppoution WS The cxerreni a2 panrly copacithvr ol
Sy e vl oo S efemen! e 317
amd subsiitating vahes, we ohizn

n .. Fa Fa 1
e ¥, wl
which agpess with the rewelts obizined shovs.
Tha qeamsity 1w, called the resctmce of 2 capacdion, s symboli-
cally repressmbed by X;- and is moasmed o ohnes; dat s,

jl:' = _]-\.
i

(o, 1) (145)

Inzn Thm's Law formt, it megninde cam e dedermimed. from

Ke=1= | ol 47

Capacie mactancs i the oppodtion o the Sow of chargs, which
resnlts i the continual imberchange of gy between the soume and
the slectzic fild of the capadior. Like the indector, the capactor does
o diskipabs smergy i amy Sorm (imnoring the sfects of &e lakage
TRtisEmes).

In the cincmits just comsidared, the aETent was gven in e ndncie
ciroet, and the woltage i the capacitie ciromt. This wes dooe o oodd
the nse of infugration in findmg the imlmows quantities. In the mdec-

¥ =L

i
ar



In the capadittes oot
, ¥
i i -
1
L = (145

Shordy, we dall comador a method of anabhyzing ac cnouits that will
pemmit = o sohs for an uokoowm quantity with coescidal impod with-
ot hawing to e direct integmaticn or differantiation.

It is powsdble fo determme whother a network with one or more ele-
mants is predominantiy capacithg o indnctfos by noting the phose rela-
ticnship betaman the nprat voltags and comer.

I e somwrce currems Isads the appifed voltape, the neseork &
predemmarndy capaciave, and 7 the sppliad voltape leads the sowrce
e, i B prodewmanly ndacdve.

Simce ve now hnw an eqetion for the reactncs: of an indecior or
capacior, v do oot oeed o use dofeeites or DisEation W the
sxamples o be comsidored. Simply spplymg Obee's baw, I = E_'X,
[mI_}mihqlngmmmiHﬂﬂ:ﬁimhtlnhq:bﬂtn‘mﬂmr:ﬂj-
2 a2l corent for each slement, will be sufhoest o ceplkin the
amamlas.

EXAMPLE 14.1 The woitge aows a resistor is indiceed Find the
simnsoidal axprevsion for the comrent if the madstor & 10 11 Sketch the
carves Sor voand i

a v= 1 om 37T

b v= 25 an37 + 607

Solutions:
¥ 100w
. Eg. (143): = A
i e B TYT
{v and | aw in phase)), rescltng
1= 1 =m 37T

The curves e sketched in Fiz. 14.13.

Fa = MO

i = 04

FiG. 14.13
Erconpdie 14 Jyal.
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b Eg (142 k=& = g0 =234

v and 1 are in phase’) mewelting in
i =15 amf@TTr + 607
The curves ame shetchod in Fiz 14.14.

F, -2V e
BY o |z plmms
i o=24a Té&‘r J;"'
= "‘;__ a -}v i =
FIG. 1414
Frormpde 147 i)

EXAMPLE 14.2 Ths comant thooagh & 541 medstor & ghves. Find tha
simmzoids] expression for the woloee aooess the mesishor oo ¢
&0 win3T7r + 30"

Solutiorr Bg (14.3x ¥F_ = &= 30ANT ) = N0V

{vand i am in phass), resmbing
w = MM} sim{3 TTS + 307

EXAMFPLE 143 Tho ament serongh a (L1-H coil s provided Find
the smmsoidsl erpression for the witegs aooss the codl. Skeich the w
2zl § cunes.

a § = 10 gin 3TT:

b ¢ = Ten{37Tr — T07)

Solutions:

a Fg (144): X, = wl = 37T mdsi01H =377k
Eg (147): V. =104 = {0A)F77IH =37V
and we knowr ot for a codl v keads § by 1", Thomufors.,

v = 37T dm{E 7T + B
Tha curves ame shetchod in Fig. 1413

¥, Vo= ¥ W
v lemdn ¢ by VAT - 3
= E{,
) '1'_;'\'7&"1;,.-1_'_ =

FliG. 1415
Frormade 14 37al




