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Chapter 5 - Steady-State Sinusoidal Analysis
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Chapter 5 - Steady-State Sinusoidal Analysis

INTRODUCTION

Identify sinusoidal signal properties

Analyze steady-state ac circuits (using phasors and complex impedances)
Power of steady-state ac circuits

Thévenin and Norton equivalent circuits

Determine load impedances for maximum power transfer

Introduction to three-phase power distribution

Analyze balanced three-phase circuits
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Chapter 5 -

5.1

o Sinusoidal voltage
v

m

v(t) = Vi cos(wt + 0)

Vi 18 the peak value
w is the angular frequency

Steady-State Sinusoidal Analysis

SINUSOIDAL CURRENTS AND VOLTAGES

Ar)

# 15 the phase angle.

period T wl =2
frequency f= = hertz(Hz)
Llr?ﬂl
: 27
angular frequency = —>

radians per second (rad/s)
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

2 For uniformity:
< express sinusoidal functions by using the cosine function

sin(z) = cos(z — 90°)

v(t) = 10sin(200f + 307) m=p V(1) = 10cos(200f + 30° — 90%)

= 10cos(200t — 607)
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

o Root-Mean-Square Values (RMS)

< Applying a periodic voltage (#) with period 7 to a resistance R
V(1

R
T
v Energy (in one T) Er = [ plt) di
J0

v Average power Paye = —T = — [ pi) de = L [ Vo) dr
/ I Jo I Jo R

2
/
[w’ T Jo VA0 ffr]
R

v" Power ) =

m=p [ayg =
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

2 Root-Mean-Square Values (RMS)
< root-mean-square (rms) value of the periodic voltage 1)

1 T
V]'ms —_ — / 1’2{{} fff
I Jo

V 2
— Pug=
< rms value is also called the effective value
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

2 Root-Mean-Square Values (RMS)
< Similarly for current:

1 T
frms = _f iz(” dt
L Jo

Pavg = I5R

rms
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

0 RMS Value of a Sinusoid
vit) = V,,cos(wt + 6)

l T
—) o = \/I_f V}H cos2(wt + 0) dt
0

| |
u::c:sz(z} =5 + > cos(2z)

Vl T
= Vims = el [ [1 + cos(2wt + 20)] d1
0

21
V2 1 d
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

0 RMS Value of a Sinusoid

V2 1 |
mmp Vi = AT + —sin(2wT + 20) — —sin(26)
27 2w 2w

| l | 1
—sin( 2wl 4+ 260) — —sin(20) = — sm(4dmr + 268) — — sin(26)
2w 2w 2w 2w

| |
— E ﬂil‘l( 29} — ﬂ I‘:'.ull'l'(Zfll‘,--";'

=0

SIS

— Vims =
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

W Power Delivered to a Resistance by a Sinusoidal Source

(1) (V)

v(t) = 100cos(100mt) V

100
50-€2 resistance \ /\ /\ /
w = 1007 (s
f = w/2xr = 50 Hz

100

T = 1ff= 20 ms

V, =100 V. b Vims = V/+/2 = 70.71 V.
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

W Power Delivered to a Resistance by a Sinusoidal Source

VZ . (70.71)

= P o= — = 100 W
e R 50
2(t 100% cos?(1007
Kt = v‘é) = mz{]( k. = 200(:052(100:::) W
A1) (W)
200
Py =100 —
0 | | | | | t
@ 0 10 20 30 40 50 (ms)
-4 Jol Jlaows =V 390 (Fleo (w30 — SilSo (cwiigen ouslls
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

o RMS Values of Nonsinusoidal Voltages or Currents

SEINI WA RMS Value of a Triangular Voltage

f=0andtr =T =25

(1) (V)

| 1(s)
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

o RMS Values of Nonsinusoidal Voltages or Currents

SEINI WA RMS Value of a Triangular Voltage

(1) (V)

w(t) = 3t for 0=<t<l
Sl 6=3t for 1<t<2 6k
H‘x
T
.,
x“x
3 = ~ v(1)=6 -3t
3t
I 1(s)
1 2
ES A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510

dfféwf)




Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

o RMS Values of Nonsinusoidal Voltages or Currents

SEINI WA RMS Value of a Triangular Voltage

T
f v2(1)dt
0
1
0

2
[f 9:2df+f ((}—31)%’:}
1

[363)1=0 + (361 — 1812 + 313)|1=7]

Il’;ﬂm‘» —

1
T

o | —

b2 |

[3+(72-36—-72+18+24—-3)]=+/3V

/
'¢
/
/

e
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

o Exercise v(t) = 150 cos(200xt — 30°%) V

v() (V)

150
|
w = 200m, f = 100 Hz, T = 10 ms, \ /\ /\ /\
Vin = 150 V, Vims = 106.1 V. l \/ \/ \/3“ v (ms)
-150 —

<« First ¢, after t=0s:

fmax = aas x T = 0.833 ms
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Chapter 5 - Steady-State Sinusoidal Analysis

5.1  SINUSOIDAL CURRENTS AND VOLTAGES

- Exercise Express v(r) = 100sin(300m¢ 4+ 60°) V as a cosine function

== (1) = 100 cos(300mt — 30°) V.

o Exercise
< rms value: 110V
< Frequency: 60Hz
< Peak voltage at £=5ms

== V(1) = 155.6 cos(377t —108°) V.
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Chapter 5 - Steady-State Sinusoidal Analysis

5.2  PHASORS

2 Vector representation of sinusoidal signals in complex-number plane

2 Convenient method for ac circuits:
< For example: KVL leads to

v(t) = 10 cos(wt) + Ssin(wt + 60°) + 5 cos(wt + 90°)

< Put into form:
v(t) =V, cos(wt + 0)

< Using standard trigonometric identities...
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Chapter 5 - Steady-State Sinusoidal Analysis

5.2  PHASORS

2 Phasor Definition
< For sinusoidal voltages:

vi(f) = V1 cos(wt + 6;) = Vi=V1 /0

vo(t) = Vasin(wt + 65)
sin(z) = cos(z — 90°) == V2(1) = Vycos(wt + 6 —90°)

= V=V, /6 —90°
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Chapter 5 - Steady-State Sinusoidal Analysis

5.2  PHASORS

0 Phasor Definition
< For sinusoidal currents:

i1(t) =l cos(wt +6;) == 11 =1 {ﬁ]

irt) = hsin(wt + 6;) == la=1 /6 —=90°
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Chapter 5 - Steady-State Sinusoidal Analysis

5.2  PHASORS

o Adding Sinusoids Using Phasors

v(t) = 10 cos(wt) + 5sin(wt + 60°%) + 5 cos(wt + 90°)
== V(1) = 10cos(wl)+ Scos(wt + 60° —90%) + 5cos(wt + 907)

== V(1) = 10cos(wt)+ Scos(wt — 30°) + 5cos(wt + 90°)

Euler’s formula  cos(f) = Rc(ﬁfg) = Re[cos(0) + jsin(0)]

= v(1) = 10 Re| e/ | + 5 Re[ e300 | 4 5 Re| e fort907)]

= V() = Re|10e/| + Re|5e/r=30 | 4 Re| seforto0

dfféwf)
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5.2  PHASORS

Chapter 5 - Steady-State Sinusoidal Analysis

o Adding Sinusoids Using Phasors

) v(t) = Re
=) V([) = Re

== V(1) = Re

_1ﬂ€ jot | 5o Kwt=30° 4 5, ﬁmf+"£ll]“}}

(10 + 57RO 4 5P0°) e o]

(10 £0° +5 /=30° +5 fmwfwf]

= 10 /0°+5 /=30° +5 /90° = 10+ 4.33 — j2.50 + j5

dfféwf)
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Chapter 5 - Steady-State Sinusoidal Analysis

5.2  PHASORS

2 Adding Sinusoids Using Phasors
= V()= Re ( 14.54¢ P00 ¢ fmf‘]

— (1) = Re|14.54 ﬂwr+*9-9ﬂﬂ

== V(1) = 14.54 cos(wt + 9.90°)

o Streamlined Procedure for Adding Sinusoids

< Write the phasor for each term
< Add the phasors by using complex-number arithmetic
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Chapter 5 - Steady-State Sinusoidal Analysis

5.2  PHASORS

m Using Phasors to Add Sinusoids

v1(1) = 20 cos(wt — 45°)
va(t) = 10sin(ewt + 60°)

Vi=20/245° v v 4,

m==) V()= vi(t) 4+ voll)

—
V2 =10 /=30 =20 /=45°+10 /=30°
— 1414 — j14.14 4+ 8.660 — 5
= 22.80 — j19.14

= 29.77 /—40.01°
== V(1) = 29.77 cos(wt — 40.01°)
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Chapter 5 - Steady-State Sinusoidal Analysis

5.2 PHASORS

0 Exercise
vi(t) = 10cos(wt) + 10 sin(wt)
i1(t) = 10 cos(wt + 30°) + Ssin(wt + 30°)
i2(t) = 20sm(ewt + 90%) 4+ 15 cos(wt — 60°7)

v1(f) = 14.14 cos(wt — 45°)
= [1(1) = 11.18 cos(wt + 3.44°%)
i2(f) = 30.4 cos(wt — 25.3%)
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Chapter 5 - Steady-State Sinusoidal Analysis

Imagina
52  PHASORS N

o Phasors as Rotating Vectors ’ I
|

0y | ea

W(t) = V,, cos(wt + 6) e
-,LUI{:I}—:""I
== V() = Re [ me,a{r:uﬁm] |
|

v, v,
L u(r)
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Chapter 5 - Steady-State Sinusoidal Analysis

5.2  PHASORS

2 Phase Relationships

V1(1) = 3cos(wt + 40°)

va(t) = dcos(wt — 207) [ 200

—_ Vi =3 /40°
Vo =4 /=20° j <60

V, leads V> by 60° \\
V> lags Vi by 60° “r

—
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Chapter 5 - Steady-State Sinusoidal Analysis

5.2 PHASORS

0 Exercise
vi(t) = 10 cos(wt — 30°)
vo(t) = 10 cos(wt + 30°)
va(t) = 10 sin(wt + 45°)

vy lags vo by 60° (o1 v leads vy by 60°)
== V1 leads v3 by 15° (or v3 lags vi by 15°)
v2 leads v3 by 75° (or v3 lags v2 by 75°)

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS @

dfféwf)




Chapter 5 - Steady-State Sinusoidal Analysis

5.3 COMPLEX IMPEDANCES

< Solve sinusoidal steady-state circuit problems using Phasors
< Use complex arithmetic

0 Inductance

ir(t) = 1, sin(wt + 6)
dig (1)
dt

= Vi(l)= L

m=y V(1) = wl ], cos(wl+ 0)

I = I /6 =90 == V; = wlly L:Vmﬁ

e o
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Chapter 5 - Steady-State Sinusoidal Analysis

5.3 COMPLEX IMPEDANCES

—= ¢ = unt'lff
/ vl
K\ / AN/

2 Inductance
< Phasor diagram

Vi=Vulo

29
I, = I,,/6 -90°
v" Current lags voltage by 90 degrees for a pure inductance
@ - Jol Jlaos =) G Sl (w30 — S0  cwadigo 0aSS1S
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Chapter 5 - Steady-State Sinusoidal Analysis

5.3 COMPLEX IMPEDANCES
2 Inductance
Vi=wlLly /6=V, /6
= V;=(wlL /90° x I, /6 —90°

= V7= (wl /90% x I

== Vi = jolL x I

impedance of the inductance

Z; = jol. = wl. /90° V=711

@ WA sl s = ) 2 il 39 — Sl i 01l °
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Chapter 5 - Steady-State Sinusoidal Analysis

5.3 COMPLEX IMPEDANCES

2 Inductance
< Ohm’s law in Phasor form

Vi =211,

v" For an inductance, the impedance is an imaginary number
v" For a resistance, the impedance is a real number
v" Impedances that are pure imaginary are also called reactances
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Chapter 5 - Steady-State Sinusoidal Analysis

5.3 COMPLEX IMPEDANCES

o Capacitance
Ve = Zcle

Zc= 1 _ 1 _1 90°
©- ij_ij_mC

Ve=Vy/0
I = Iys/0+90° c=Vult

@ WA sl s = ) 2 il 39 — Sl i 01l @
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Chapter 5 - Steady-State Sinusoidal Analysis

5.3 COMPLEX IMPEDANCES

o Capacitance

VC o Vi éﬁ

Zc  (1/oC) /=90°
= lo=1, /6+90°

90° <
\ AN T A
AAATA

v" Current leads voltage by 90 degrees for a pure capacitance

&)

dfféwf)
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Chapter 5 - Steady-State Sinusoidal Analysis

5.3 COMPLEX IMPEDANCES

0 Resistance
Vr= Rlp

VINAS

v" Current and voltage are in phase for a pure resistance
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Chapter 5 - Steady-State Sinusoidal Analysis

5.3 COMPLEX IMPEDANCES

0 EXxercise

(0.25-H inductance
vi(t) = 100cos(200¢)

= Z; = 50 = 50 /90° ‘FLZLUUJ’E
= V. = 100 /0°
_ —ane
= I =2 /-9 TILZEZ'?“D
:: A=A Jol Jluosd =V G0 (Gloo (w30 — SUilSo (cwadigeo 0usLlils @
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Chapter 5 - Steady-State Sinusoidal Analysis

5.3 COMPLEX IMPEDANCES

0 Exercise
100-uF capacitance

vr(t) = 100 cos(200¢) I-=2/90°
=2/

Ve=100/0°

== /o= —p0=>50,/-90°
= V. = 100 £20°
= I = 2 /90°

@ WA sl s = ) 2 il 39 — Sl i 01l @
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Chapter 5 - Steady-State Sinusoidal Analysis

5.3 COMPLEX IMPEDANCES

0 EXxercise

50-€2 resistance

vi(t) = 100cos(200¢)

a vRZIUDE
— Vi = 100 L0 . >
= Iz = 2/40° Ig=2/0°

&)

"zt 9929 sl Jlos — V iy (oo (3930 — Setilin  cmrckidpo oSl @
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

0 Kirchhoff’s Laws in Phasor Form
< KVL equation:
Vi) +va(t) —v3(1) =0 == Vi+Vo—=V3=0

< Similarly for KCL

0 Procedure for steady-state analysis of circuits with sinusoidal sources:
< Replace time descriptions with corresponding phasors
< Replace inductances and capacitances by their complex impedances
< Analyze the circuit by using any of previous techniques with complex arithmetic
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

SEINEER I Steady-State AC Analysis of a Series Circuit

lﬂﬂﬂ

w = 500, vlt) = o L=
) i(t
V. — 100 /30° 100 cos(500z + 30°) 0.3 H

Z; = jol = 500x 0.3 = j150 Q

1 1 |
Ze=—j—=—j = —j50Q C= 4“#1:
ol = 350x a0x 106~ P

@ W9-8A Il Jloos = 1 832 oo 930 = Sl quuiigo oSl @
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

SEINEER I Steady-State AC Analysis of a Series Circuit

R=100 £

v.i': + /:
100/30° \ ~ /
N
I\
50O

LAk A9-9A gl Jlunas =V 352 (5ion 3099 = Sl qusntigo 2451
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

SEINEER I Steady-State AC Analysis of a Series Circuit

Zcq =R+7Z1+72¢c == Zcq = 100+ ﬂ 50 — jSU — 100 + ﬂﬂl}

‘ qu — 14]4 £ 4SG

Vs 100 /30°
Z  141.4 /45°

= | = =0.707 /—=15°

== (1) = 0.707 cos(500f — 15°)

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS @
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

SEINEER I Steady-State AC Analysis of a Series Circuit

Ver=Rx 1=100x 0.707 /—15°=70.7 /—15°

Vi = jolL x 1=wlL /90° x 1 =150 /90° x 0.707 /—15°

— 106.1 /75°
| 1 |
Ve=—-—xI1=— /-90° x 1 =50 /=90° x 0.707 /—=15°
wC wC
= 35.4 /—105°

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS @
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

SEINEER I Steady-State AC Analysis of a Series Circuit

Vi

Ve
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

SRR Series and Parallel Combinations of Complex Impedances

L=01H

L

w = 1000 *
E!.':('r): + = 2 —_ =

Vs =10 /=90° 10 sin(10007) \_— 100 Q § © T 1opF

|-
Z1 = joL = j1000 x 0.1 = j100 £
S i : — —100 ©

C= o Hooox 10x 106

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS e
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

SRR Series and Parallel Combinations of Complex Impedances

+100 Q I
 —
*
+
VYV =
10/ 90° C:} G Iﬁvglmﬂ e AT HAna
| _
LRC = : - ]
RC — 1/R+1/Z¢c  1/100+ 1/(—j100)
1 1 ,/0°
//— — ?“?] ﬂ

T 0.0+ 001 0.01414 /45°

@ WA sl s = ) 2 il 39 — Sl i 01l @

dfféwf)




Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

SRR Series and Parallel Combinations of Complex Impedances

== Zgc = 50— ;50

V, =
10/-90°

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS 0
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

SRR Series and Parallel Combinations of Complex Impedances

Zre | 70.71 /—45°
Ve=V — 10 /—90° -
“ T LT Zre 7100 + 50 — 50

70.71 /—45° 70.71 /—45°
_ _an®
S0+ 50 e T T

=10 /—-90°
=10 /—180°

m=p V() = 10cos(1000f — 180°%) = —10cos(1000¢)
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

SRR Series and Parallel Combinations of Complex Impedances

o Vs 10/290° 10 £=90°
 Zp+Zge  j100450 =50 504+ /50
10 /=90°
- — 0.1414 /—135°
70.71 /45° S
Ve o 10 /=180° |
IR= — = — 0.1 /—180°
=R 100 o
o= Yo 0180 102180 0 ) g
Zc — 100 100 /=90°
@ 99-0A Jol Jluosi =V G0 SHloo (030 — SuilSo  cardkitpo oAl
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

- Node-Voltage Analysis

SENJENIN Steady-State AC Node-Voltage Analysis

2000 uF

I'.-"]{f 11+(1)
|/ p
T A
2 sin(100¢) r\j T10Q 01 H 1.5 cos(1000)
A 'l

1

@ WA sl s = ) 2 il 39 — Sl i 01l @
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

SENJENIN Steady-State AC Node-Voltage Analysis

5O
BT
Vi Vi-V, . Y/ K
10 + 5 =2 /=90 L
2 /-90° D 100 +10Q CD 1.5 /0°
V2 V2V - )
+ = 1.5 /0°

J10 — 3 . i

0.1+ 0.2)V] — 0.2Vy = —2 -
— _ o

—j0.2Vy + 0.1V, = 1.5 = V1=161/20.7

m=p V1(1) = 16.1 cos(100r 4 29.77)

&)
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

250 Q
0 Exercise W
‘ oo T4
vl = ey ,
10sin(5000) "~/ [ i) vr &g U H
oY 10£-90° 5558, 135 mA
Z 2950+ 4250
== /(1) =28.28c0s(5007 -135°) mA I
m=p V, =RL=7.07£-135° Ve=7.07/135 | V. =7.07/-45
= V, = jolI=7074£-45" Y V,=10/-90°

e o
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Chapter 5 - Steady-State Sinusoidal Analysis

54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

. §
0 EXxercise + .

b

5 cos(2001) \ [ ) v =100 uF | H 111000

-, .

1
~1/100+1/(-;50) +1/(+,200)

m=) V=2L1=2774,/-56.31" V

=55.47/-56.31" Q

= I =V/(-j50)=5547,33.69" A
= I, =V/(,j200)=1.387/-146.31" A
== I =V/(100)=2.774/-56.31" A
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54  CIRCUIT ANALYSIS WITH PHASORS AND
COMPLEX IMPEDANCES

0 Mesh-Current Analysis 0.1 H Eit:F
% |
100 cos(1000r) |/ . \\I L2100 Q |/-_ \ 0.1 H
NSV NG
| =

J100I, +100(I, -I,) =100
- Jj200L, + j100L, +100(L, -I,)=0

(100 + 4100)I, —-100I, =100 —_ I =1414/2-45" A
—-1001I, + (100 - j100)L, =0 I =1Z0"A
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5.5 POWER IN AC CIRCUITS

- Power delivered to a general load

'II.Fﬂlllll__H
—
vit) = V', coslwt) N
Sk
- V=Vn o vuloe () -zl fo
X
Z=\|7Z /86=R+ jX ‘/ )
|
vV Vv, /0°
zZ |z "
V
lrm: ﬁ
@ Q8-9A Jgl Jluosd = Y 532 Sloo (3090 — SeilSo  cuwitigo oSN
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Chapter 5 - Steady-State Sinusoidal Analysis

5.5 POWER IN AC CIRCUITS

o Current, Voltage, and Power for a Resistive Load
v(t) = V,, cos(wt)
(1) = I,,, cos( wt)

pt) = v()i(t) = V1, cos*(wl)

o) Ar)
1":" 1"Iri'rilfl'il'!
I
" tc Es v I
A A P;WE __mm [|
E‘ E

@ WA sl s = ) 2 il 39 — Sl i 01l @

dfféwf)




Chapter 5 - Steady-State Sinusoidal Analysis

5.5 POWER IN AC CIRCUITS

o Current, Voltage, and Power for a Inductive Load Z =wl /90°
v(t) = V', cos(wt)

: 1 Viidm .

Pty = vit)i(t) = Vply cos(wt) sinfwt) = =7 sin(2wt)

pr)

1““’?“"’;‘?[

2

H I
-1, /+
_ Voudw 1|
_Vm T 2
@ Reactive Power
A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510
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5.5 POWER IN AC CIRCUITS

o Current, Voltage, and Power for a Capacitive Load 7Z = (1/C) /=90°
vit) = V', cos(wr)

: _ Vil .
p(t) = v(D)i(t) = =Vl cos(wt) sin(wt) = ——=Zsin(2wt)
)
Fﬂi !r{'r'} ‘ F;IHT 1
liir;l T f“] \
[ |
_‘rm T
‘IFHIH[
-V, + -
@ Reactive Power
A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510
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Chapter 5 - Steady-State Sinusoidal Analysis

5.5 POWER IN AC CIRCUITS

o Power Calculations for a General RLC Load

vit) = Vi, cos( wrt)
(1) = [y cos(wt — )
o) = Vil cos(wt) cos(wt — 6)

cos(wt — 8) = cos(0) cos(wt) + sin(A) sin(wt)

== I =V, 1, cos(6) EDSE{&JI} + Vb sin( @) cos( ewt) sin( wt)
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5.5 POWER IN AC CIRCUITS

o Power Calculations for a General RLC Load
ED%E(mI] = 1——|— lms(th}
‘ 202 1
cos( wt) sin(wt) = 3 sin( 2ewt)

m '{.Fﬂ' m '{Fﬂ'

cos(@)1 + cos(2wit)] + sin( @) sin(2wt)

= A1) =

VHI Im

average power P ) P = cos()

=) P = Vipeglrms cOS(H)

Power Factor

e o

dfféwf)
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5.5 POWER IN AC CIRCUITS

2 Power Factor

PF = cos(#)

0 =26,-—0;

phase of the voltage 6, minus the phase of the current 6;,

6 is called the power angle
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5.5 POWER IN AC CIRCUITS

0 Reactive Power _
Q = VimsIms sIn(0)

v units are usually given as Wolt Amperes Reactive (VARS)

Apparent P r
- Appare owe apparent power = Vims/{rms

v units are volt-amperes (VA)
o Power Triangle

= Pz + QE — (Il“f'rn"l's."’rmsj'2
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Chapter 5 - Steady-State Sinusoidal Analysis
5.5 POWER IN AC CIRCUITS

SE WA AC Power Calculations

+100 €Q I-=0.1/-90°

'S .17 —

L
V,=10/-90° D G:U.MM;’—ISS“ <7100 =< -100Q
_ <

l llﬂ—ﬂ];"—]ﬂ

8 = —90° — (—=135°) = 45° == P =V melrms COS(0)

Vams = |ji| = \1/% — 7071V = 7.071 x 0.1 cos(45°) =05 W
L 0.1414 == () = Vgms/rms sin(6)
fram = J_ V2 =014 = 7.071 x 0.1sin(45°) = 0.5 VAR
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Chapter 5 - Steady-State Sinusoidal Analysis

5.6  THEVENIN AND NORTON EQUIVALENT CIRCUITS

2 Valid for only steady-state operation
- Same as before (with Complex Impedance)

Vi= Voc I, = Iy L= T
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5.6  THEVENIN AND NORTON EQUIVALENT CIRCUITS

SRRV Thévenin and Norton Equivalents

100 ©
WA—e a
v.=100/0° [ * — = L=
5= _ 1~ —A00Q IS‘}‘E
. b
| 100 Q
L= : = : W’H * —a
"7 17100+ 1/(—100) — 0.01 + j0.01
Z
_ _ 4S0 &y ==-ine _7
= SoTaia a5 = 1071 £=45° =50 - /50
o b
@ A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510
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5.6  THEVENIN AND NORTON EQUIVALENT CIRCUITS

SRRV Thévenin and Norton Equivalents

100 €2 SC
A ——o
Iy .
V,=100/0° 7~ —A00Q 1/90°
I(_":Di
1
V. 100
l = L — =] ODA
R=100= 100 — 1 4L

= [ =Ig—-L;=1-1/90"=1—-j=1.414 /—-45° A

== V; = I Z; = 1.414 /—45°xT70.71 /—=45° =100 /=90° V
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5.6  THEVENIN AND NORTON EQUIVALENT CIRCUITS

SRRV Thévenin and Norton Equivalents
-|‘_ o

I,=1.414/-45° a= 50
: ob
Z =50 - 50
o a
V,=100/-90°
o b
@ 084 o Jlaosd — ) 32 Sloo oy — CKilS0 cusibigo o ASLESNS
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Chapter 5 - Steady-State Sinusoidal Analysis

5.7 BALANCED THREE-PHASE CIRCUITS

Vv Lo

o Balanced three-phase source

< three equal-amplitude ac voltages having
phases that are 120 degrees apart

< wye connected (Y connected)

Vy

Van(t) = Vy cos(wt)

vpa(t) = Vy cos(wt — 120°)

Ven(t) = Vy cos(wt + 1207)
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5.7 BALANCED THREE-PHASE CIRCUITS

. V
2 Phasor Notation K
v,ﬂn = VF /! UG
Vy, = Vy /—120° C
V{'n — VY & l 2[}0
c vbu vcn _
~ xHEr ) /\V
v N v EH“H«H a 300,
Vma n ’f;? Vy V.
- "fp;‘",,-:;
Fa/’;f A\
b
@ r \rrrlh
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Chapter 5 - Steady-State Sinusoidal Analysis

5.7 BALANCED THREE-PHASE CIRCUITS

2 Wye-Wye Connection

1 zZl Z o
H Nn N
Zh
c [”:5 C
v[}ﬂ; VY P UU
= =1y /-0

| —
M= 770° 770
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5.7 BALANCED THREE-PHASE CIRCUITS

0 Delta-Delta Connection I
a4

Vg V. Vi /30° Vi .
lap = - = - = — = — /30" -6
ZA /0 ZA /O ZA /B ZA
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