Steady-State Sin Real Power: Impedance/Admittance: Apparent Power: VA Complex Power: VA
© Sine Eqns: * Eans: El Time domai F domain Imped: Admi o Eqns: o Eqns: The reactive power Q is a measure of the energy
1 27 P=Re® ement ime comain i i e B i mittance ane: S=P+j0 exchange between the source and the reactive
f=— T="" o=2f = Scos® — 62 R v=Ri V=R Z=R y=L | S=1S| = |Vims| Lm| parof he oad
T The real power P is the average o di . R R ;
© Leading/Lagging: V(1) = V., Sin(@f +6) | power in wats delivered to a load; k M Vel Z = joL =L =VP*+ 0 2 metms - The real power P is the average
v N c _ Cdl V= L 1 JoL |V”m‘2 power in watts delivered to a load;
Dot Convention: =Ca = juc Zee Y=jec . =Pz =17
nd I 2
Current entering dot, (+) @ 2" coil dot o Admittance: S=P2.R+jX)=P+j0
/ s | current entering undot, (+) @ 27 coil undot . 1 1 G = conductance (8) 4 * : :
- V=B =%y jx B =susceptance _ P =IR= ! LR = Vil €080, — )
Reactive Factor: Q' Phasor analysis can only be performed on single-frequency circuits. - 2
V,,sin (@ +6) . Othe perposition must be invoked, and the time-domain partial = Verrlesr, and is the maximum value > 1 _ .
W FIGURE 10.2 The sine e Uy sn(ot + 6) leads Vit by 61 * Eans: 1 responses added to obtain the complete response. the average powercan be; P = [S| only for purely 0 = I X= ) IIZNX = VimsIrms sin(6, — 6;)
. n sin(o! msin wt by Q = (S} = =Vl sin 0 " resistive loads.
sin wt as lagging sin(wt + 0) by 6 rad m 2 mim Average Power: P Faotor- /\
leading sin(wt + 0) by — rad = Vrms’rms sin@ In the sinusoidal steady state, P = }V,,1,, cos(6 — ¢), where 6 ower Factor: P = ‘ S ‘ cosf Q= ‘ S ‘ sin 6 W&
leadi . 9) by 0 rad is the angle of the voltage and ¢ is the angle of the current. ® Eqns: N N
. _ : . cactive power
or as leading sin(wr — 6) by 6 ra 0 = 0 for resistive loads (unity pf). | Reactances do not contribute to P. pp = Fava _ Py 0 o0 w2 S T e
® Convert Sin-to-Cos: Q < 0 for capacitive loads (leading pf) 0 The instantaneous power absorbed by an element is given by the s €OS &= Vemslrms tan 6 = P an (0, i) (Pawer returned to line)
sin(wt * 900) = +coswt Q > 0 for inductive loads (lagging pf). expression p(1) = v(1)i(1).
S + 90°) = Fsi (+) Q: 6-¢p > 0 — Lagging (L) P = Vol = Vicost
cos(wr = ) = Fsinot Q The average power delivered to an impedance by a sinusoidal source . .Irlezl power ———f
Phasor: Time domain Phasor domain is 1V, 1, cos(0 — ) (-)Q: 8-¢p < 0 - Leading (C) i X e pove
® Gen. Form: =R+ jX= - o (Power available for work)
Z=R+jX ]Z\ﬁ Vi cos(wt + ¢) Vi [$ o Eqns: Ratio of the average power to the P =pr20
— 2 2 — . i \% - 90° apparent power. The PF is unity for
[Z| = VR* + X* R = |Z|cos§ Vasinwr +¢) m[$ The average power ATy R ol e X Q, = 0,790° Q. = Q.2 —90°
X . 1 1 1 purely reactive load.
0 =tan"' > X = |Z|sin6 P=—J‘ p(t) dt = =Re{VI'} = = Vp I, cos(6)
s mlm .
R n , Tl 2 2 Ideal Transformer: The load "“PC‘ZW
Y-Connected: : A-connected: o Eqns: v Y/l v, Vems _ Vims
S S i . =—= =—/0, — 0, Z= = 6, — 0;
o Phase Volt: V. =3V, i Phase/Line Vlt: The average power delivered LN L e /0, — 0; L. L. /6, — 6;
Van =V, (0°) D Vg =V, = V3V,(30%) P = Veglegr cos(0 — ¢) L N
4 Z
Var =V,. = V3V, (=90° . . . - v L .
Vpy = V,(—120°) 5 = Vie = V31,(-90) When 6, = 6, implies a purely resistive circuit | Vi=hZn =17 Complex Freq: where

Vea = Veq = V3Y,(-210°)

© Gen Form for a real Sine Volt:

V. = V. (—240° : 1 1, 1 V, =LZ . Ki = 1V,e? 85 =—jw
Ve Volt 2 ) © o PhaseCurrent:  y, _ /3y, P = Valn = 31nR = JIPR V2 2 IL Yo | w = Kiet 4 Koe™ K=K S =5
® Line VolT: H _Vas i 2 ] V — I |
Vap=Vap = ‘/5‘/17(300) Taa = Z, 1, =31, the average power absorbed by a resistor R V_1 = i L [ ! " ] © Pure Re<} expo damped sine Fn:  Forcing Fn:
Ve = Ve = V3V, (=90°) . = Ve 7 V2 Ze# ol | v(r) = Ve cos(or +0) o(t) = Veo' = V;,L0e
L7 7, = 24 P=J>_R=—""" always absorbs power. N ot . i
Vea = Vg = V3V (—210°) Ve r=3 ms R Ifa > 1,step-up transformer. | i(t) = I,,e’" cos(wt + @) (1) = I = 1,40
. Iea=—— If 1,step-down transformer.
® Line/Phase Current: H ) Zy T‘Equivalent: a= P 4 0 The complex frequency s = o + jw is the general case; dc (s = 0),
Il = Vay : @ Line Current: v . ) Mag Scaling: exponential (@ = 0), and sinusoidal (o = 0) functions are special
aa = lan = 7 AB i i ] ] nces
Z, Iaq = (V3(=309) = 1 Li-M L,-M 2 . cases.
a Z > - ® Eqns:
Vv g o s s inae
Iyp = Ipy = % Iy = (\/§(—30°))% + 2| R =K,R Freq Scaling:
? i3 . ® Eqns:
_ _Vew 1= (ﬁ(_300))vﬂ L' =K,L=K,Z, = joK,L L
loe =low =7~ e z, g M v . 1 R—>R L'> —=j@K)L = jolL
o Power Per Phase: : @ Power Per Phase: C=—=K,Lc=""7-—] Ky
v : _y 5 5 K, JjoC/K,, C 1 i
[31,:7L[LC059 Pl’_VLﬁCOSQ C’_) e
3 . T N the series or parallel s P
\—) P \/§V 1 6 (J -Eaun’alent RLC circuit ’ Kf J(wa)C joC
T= LIL COS i L i '
. 5 2 W = w _
° i ?W\MZ ° 1 1 o' = wa
. 1Lo— wh = -
Induction: PFgqq =3V I cos0 | LiLy- 12 M LiLy-M - A7 Ve V.o, A S I _ &
ok . v i (0)u(r) Ly Le HOu(®) v, wh = = =— =K, o
nergy Stored: L-M L-M 1 0 \/ﬁ (L/K)(C/K)) \/Li f o
w(t) = 101 [[1(OF + Lo [0 £ M [11(0)] [i2(D] | - 5 Ve @ PRIy
1 1 e - i i
W= 5L1112 + ELZIZZ +MI I Lablace T 0 for the bandwidth the quality factor
ran . _
If one current enters a dot-marked terminal while the other leaves a dot- jm"i Ac le' EQHSI B = KfB Q, = Q
marked terminal, the sign of the mutual energy term is reversed: P[‘Operty f(t) F(S)
® Coupling Coefficient: d
M Time ;j: sF(s) — f(07) Power g;";;:gon R L ¢
= — i < 0<k<l
/T Since M = V/LiLo, U =K = differentiation & ) ) ) Instanta- | p—=VIcosp (1— |pr=VI(1— pL=VIsin2wt | pe=—VI sin2ot
. . ‘2 $°F(s) — -\'f(O ) *f’(() ) neous cosZ_zul)-%—_ cos2wt)
M approaches its maximum value dr power VI sing sin2ot
- 3 By 200=) — O~
Mag & Freq Scaling: af SFE) = 5 f07) = 507 p—Viwss | p Ly, [P0 Pe=0
K, dr? —f"(07) R = VI=3Vmln
e Eqns: R’ = KmR, L = #L , Active power . 2
) 1 —_PR=_
i 4 Time integration J fx)dx —F(s) R
s
C = KK C, w' = K/‘w 0 Reactive Q= VI sing Or=0 O =V i QOc =—VI ,
miy ) power —rex =" - Pxe=-T
Xu
Laplace Trans Pairs: TIME DOMAIN FREQUENCY DOMAIN Resonances Ckt Egns: Apparent =
Lapiace iramns rairs. . —weprz-"C
fo F(s) Fen ea the damping factor: power S=lV=rz=7
a0) I o 1 v " P—
1 il ViR [=—= 300 EX. Y-Y phase sys, given VL. EX. Find v,
ut) N wo Qo Cale il and Zp. .
O b Parallel circuit alw/ Pt & PF I
e s+a v=Ri a_ﬂ—l PT=\/§VLILC059 . . .
1 a - 20, -2 so\ve for T, , 2ucosuv (2) 2HE E2H .y, == 05F
t = - o
52 1 Vo = 'V‘_/,'—; c;’(\’l’)
" n! 1+ Q() = 2ﬂfORC = LL)()RC -
! yri Tea Vo pmmogilsa) |24=J4L-jL  I,=-j21818,
. C R R P T 2 .
o 1 i} v 3Ll sky vV /s =Ry = %ol = Eoal ad 0=-I+31, V,=-j,=-2.1818
(s + a)’ C,0 L0 b) w/ Pp & PF - _ o
o ”! . P Vir cost 8:tn Vo =-2.1818c0s2t V
¢ s + ay™! v = L dijdr, b v = (Vi/2)cosar V= v/[0° P \/5 LY wad
sinwr .\-lfof i =1 edx + 4y ; £+% i=(V2cos@r-0) 1, =1/-0 5 Van
s P =VIcos6,Q = VIsinfand S = VI (apparent power) | © Ioa
coswt 5 5 a
57+ o i
1 z i I, p(t) P Q N
sin(wt + ) ssinf + w cosf N 4 l V” ) B "
’ $+ o f * R R V;eﬁ cos ot ;M VT(I + cos2m1) VT 0 VT
cos(ar + 6) scosf) — w sinf /l » v, 1/sC v cv,
: 2 2
s+ o T ; . 5 i v ore v V2 v?
e sin or ® b JLo o cos(wt —90°) Tol Esuﬂmr 0 To To
(5 +aP + o i = Cdv/dt. — b
B s+a 10 IR b c =i viaCecos(wr +90°)  vCw/90° ~VCosin2or 0 —Vico  VCo
e cos wt m 1;:6/0,de+v0 V=E+T I1=sCV—CV, Co




Para/Series Ckt Summary:

1
" 2RC

Qo =wRC «

Iz (jwo)| = [Ic(jwo)| = QolI(jwo)l
1 .
Y=g (2-2)]

Exact expressions

()

1 2
wdz,/wé—azzwo‘ll— (TQO)
0 = 2

B:wz—a)lz

Qo =

Vi (ew)| = [Ve(jon)| = QolV(iaw)|
Z, =R [l + 0o (3 - @)]
wg w

Approximate expressions

(Qo=5

QUANTITY

Bandwidth

wol R
== =
R 2L

e

0.9w0 < o < 1.1ay)
wg = wo
w12 X wy F %B

o ~ 3(0) + w)

Resonant frequency
(parallel or series)

Quality factor
(parallel or series)

Corner frequency
(parallel or series)

ithe instantaneous energy stored in the inductor is

l 2
wy(t) = zLi; =

2

The energy stored in the capacitor is

1 2R
we(r) = G = T

PARALLEL OR SERIES RLC CIRCUIT FREQUENCY RESPONSE RELATIONSHIPS

Characteristic

Series circuit Parallel circuit

1
1
1
H 1
SYMBOL RELATIONSHIP | Resonant frequency, wy o = Joro  —— —_
w, 1/VLC or Vo w, i LVLCI . VLC
[0}
1 Quality factor, Q oz ——or wgRC
B 1/RC (parallel) ! R woRC ol
R/L (series) H Bandwidih o wg
i B=w— — —
w./B i andwidth, B ) — 0 )
w,RC (para}lel) : e e
w.L/R (series) 1 Half-power frequencies, o, w, @ [1+ (E) * ;Lu woy [ 1+ (E) =+ %
o 1 ()] |
w wo| =55t 1~ 1\55 1 B B
' [ 20 2 iFurQZ 10, @, w, wy = 2 wy = 5
1 1 2]
|36+ V! (35 e
“2 w[ZQ (2Q) & Griven V=110 Vyme f: 60 Hz

LR 2
— | — SIn
2L w( @

2 p2
cos’ wot

ISl=120 VA PF =0.7T0T lag-

(a) Calculate the complex power.

(b) Find the rms current supplied to the load.

(c) Determine Z.

(d) Assuming that Z= R + j @ L. find the values of R and L.

Qo S 2 (a) S=120. pf=0707=cosd —> O=45° .
Y, ~ = /tan"' N The total instantaneous stored erzler%y is S=Scosf+ jSsiné =84.84+ j84.84 VA () S=1,7
I R°C -
Z. ~ RVT T N2 jtan~' v w(t) = we () + we(r) = - — ) §=V,.1, s oo z= If =71.278+ j71.278 Q
=2 -2 _1.091 A rms ™
Three-Phase Power: Ex: [s1=7 of source =g =170 L2l Amms
Symbol | Quantity Formula Unit (@ If Z=R+jwL.then R=71.278 Q
Pp Real power per Pp = Vplp cosf Watt (W) oL=27fL=71.278 - 71'278=0.1891 H
phase 2/30° A %} 27x60 T
P- Total three-phase | Pt =3Pp=23Vplp cost) = V3VLIL cosf | Watt (W) :
) real power ) i - E ?aua' in 2’5 =1 Eﬁxnd the average power absorbed by
O Reactive power _ ind — /52 _ p2 Volt-ampere- 30 11100 H00ma
" per phase Or = Velp sinf 55 reactive (VAR) 2/30°A 3641220 L~ A ,lei\
Or Total three-phase — 30, = 3V, I; sind = /S2 — P2 | Volt-ampere- cos W) v
' Gesctive poee || V3T sin T T reactive (VAR) 2oy (@ (i) H 2 2cos 10w sug  Eon 50
Sp Apparent power | Sp= Vplp Volt-ampere (VA) = 3.6+ .?ll 2./30°) = 0.95./47.08° ° hd hd
per phase 8.6+j2.2 A5 T (a) thesource;
St Total three-phase | g = 38, =3Vplp = V3V Volt-ampere (VA) V, =51, =4.75.47.08° Zzn = —= I _1 v. 1 .
apparent power . . a? 2=, Puronsus = otk cos = 9.167x 10 W
PF Power factor PF = cost :1;7 S =V, I =7 (4.75247.089)(22 - 30°) s v, 1 , (b) each of the two resistors;
5 = 4.75.217.08° = 4.543 + jl. . 1= 5% P = —R|[ ;
S =4.75217.08° = 4.543 + j1.396 VA Zo+ Zin 400 mQ = 5 2| Ponn < 0B p g 513 s
. or . . - - Qavg = — vy
Ex. (a) the power factor Ex. Li=4mH, L, =12 mH E « . S ? :
== Z,=2+(10- 5|8+ j6) = 5.188.25.382° Ri= (1 Ohmsi Rz = 10 ohms EX. FindV, (c) each of the two inductances:
A - 2= aging V1 = (2cos 8t) V :
V B pf =cos(5.382°) = 0.9956 (lagging) 5 k
j6L (b) the average power delivered by the source a
16/45° V 2 R .
2ea s lyp YL asr " 0 b0y (2 Ex: vs(t) =7
T2 T 2Z° (2)(8.188.-5.382°)
S =15.63.5.382° : -
(c) the reactive power P =Scosf=1556 W a. Find Mifk=06 c. Find V.. 5"‘_C?L
M = k+/LiL V; RZ
Q=Ssinf=1.466 VAR . I = 1L2 5 = Ripni2 DST 2) Mefh s = 250 mF
(d) the apparent power % V(ﬂ=7 @f=0.88 b. Findiiand iz
s=[s[=15.63VA 220 = ir[l + jwi] + isljwM] 2) V,= 2L, = 2.074£21.12°
(e) the complex power 0= iz[lO + jTULZ] + il[jw]W] GCri o /
. 1 . Yey) - I=1
S =15.63./5.382° = 15.56 + j1.466 VA + Ex: _Ex' V=Vl ¢ S=0+jw " w» s — Um_,_ ?w
EX: calculae L, A ¢ ==+ | BXL  Determine i(7) for ¢ > 0 i 250 mF o), it
- ; is(t) = — +
V,/Vy, and L/1;. 40 i(t) b( ) 2 dt
Z
47k J70Q 5000 Steps I= Y 101 V= Inz¢
e D Neda! DWrike V(O + 2 T T T 00
1
vi=wjev(®) 4 8700 ; Lrp=—=
k0 2y Expand NV () 4y Plugin | u() 6 o= o0 . "
_ t Q) t@)="
t=0.8r _ v(t) =Ve" =V =V,40
(a) I = 7.734/-20.3° mA . D) = Ri(t l/ (0t + i Ld’i(t)
I, = 2.549/-163.2° mA & fV_?- =1 20 =9V & g ' o(t) = Ri(t) + — [ i(t)dt +io+ L=
V2 _ 0.055/-163.2° , V. t o Ve RI+14sLI
v 1) a0 u(t) = 4i(t) +v(07) + 16/ i(t"dr' sc
2 -
= =0.33£-142.9° o Vi .
< ' 9 16, B v(t) = Ve cos(wt + 0) S RTLisL I =TInle
‘ =460+ + 16
oo 5 Ex: rararic Ex: In=7 & ¢=7
-S= +
e de I(s) = - R=60 Q.L=1mH. and C=50 /F i 3 H
s —
x_’L: :]V/AM%‘ 45 (v)o:#:\/ = ! = =4.472 krad/s 20
1 / — _Dp— 107 x50x10
_LIset sL i(t) =—2e"u) A ) ) o v(0) 0.1F
= o S B=—=——————=333.33 rad/s
PIE - L= RC 60x50x10° = T
Ex. Three 230-V generators form a delta-connected 0@ _ M2 _ L, " .
* source Z, = 10 + /8 Q per phase =37 =122 v(t) = Ve =V, 40
a A
di 1
/\ , ) _ ) v(t):Ri+Ld—l+E/idt
moae (7 @)mear & (b) What is the value of I,? o ! B
- - 230£-120 230£0°|60/10° = 21 + 3sI + —I
. o b B — c Iyg=Ipc —Iap = — — ; 107 arlar =
g N/ — 10+ 38 10+ 38 60/10°
230,£120° Z =31.10£171.34°A =0
2+3s+10/s
(a) Determine the v:llue of L. ) Subin s and solve for |
-2 2 —23 2 . P
e = ~130°4g° - gggj}gie ~17.96./ —98.66° A(rms) then convert to time domain ilt)
* - 7% i(1) =5.37¢ % cos(4t — 106.6°) A




& For the A-A circuit calculate the
phase and line currents.

a A

o v @
1731200V (3) |
00 = gJjoa
(@) a2 v ]
j1aeE

]

Z,=30+j10=31.62/18.43°

The phase currents are
Vi 17320°

I, =— —————  _547/-18.43° A

487, 31.62/1843°
T =1,52-120°=547/-138.43° A
I, =1,,7120°=547/101.57° A
The line currents are
I =T, T, =T;+32-30°
I = 547y3 £-48.43°=9.474/ -48.43° A

I, =1,7-120°= 9.474/ -168.43° A
I, =1,/120°=9.474/71.57° A

EX: obtain x(1) * y(7)

x(1) Y

t
0 0 1

L XD = UE) 3 VO = 3ue-0
A
e * $O= [ x-2) $ydz
O o0
=3 ofu((-—z)u(e-nala




