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CIRCUIT ANALYSIS I
Chapter 1
Sinusoidal Alternating Waveforms
and Phasor Concept

Dr. Adel Gastli Sinusoidal Alternating Waveforms and
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’ Z 1.1 Sinusoidal Alternating Waveforms

1.1.1 General Format for the Sinusoidal Voltage & Current

’An sina = A, sina;t‘ Basic mathematical format for the sinusoidal wavefo

A, . on i=I,sinat=1_sina

w a(rad) e=E,sinat=E,sina

Phasor Relations‘

' . y
=/ sing %(n—e) (2n-6)
0 An

o

A

g
‘ ﬁﬁ(nm (2n+6)
@ amg| )0\ ) @
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1.1.2 Average Value: G (averagevalue)=
lengthof thecurve

2
JAnsina
G=-=2 =0

2n

The average value of
a pure sinusoidal
waveform over one
full cycle is zero.

If the waveform equation isa = A, + A, sina
then the average value is:G = A,
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1.1.3 Effective Values:

X t @ﬁ The effective value of an ac

Switch 2 Switch 1 R current is the equivalent dc

i T current that delivers the same
Idc

o power as the ac current.

dc source
acsource | E

=iZR= Imsinw:)zR:(I;sinzax)R sinzax:%(l—coszax)

—

2
P.= IR _! RcosZax

The average power delivered Prag = I
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Equating the average power delivered by the ac generator to that deliverec
the dc source,

12R
Pav(ac) = ch Z T

_ 1 =Ly =
Idc—ﬁlm—0.707><|m ﬂl]:> l et \/Elm 0.707x1,
1

Same thing for the voltage: E. = N E,=0.707xE,

= chRZ Im:\/zldc

In general, the effective value of any quantity plotted as a function of time
be found by using the following equation:

P This procedure gives us another designatio

arediz) for the effective value, theoot-mean-square
Lot = T (rms) value
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1.2 Basic Elements and Phasors
1.2.1 Elements

Response of the basic R, L and C elements to a sinusoidal voltage and ¢

. .V _V,sinat _V, . . Vv
Resistor: j=—=-m>""% ="m = =Ym v o=
esistor: i = R Rsmat |, sinat |:> "= V,=1,R

Ir

For a purely resistive element, the voltage across and the current thro
the element are in phase
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Inductor:

% = %(I Lsinat)=all, cos(t) =Vmsin(wt +900)

|:> X, =al: reactance of the inductor (Ohms).

Inductive reactance is the opposition to the flow of current, which results in the
continual interchange of energy between the source and the magnetic field of the
inductor. Unlike resistance, reactance does not dissipate electric energy.

v, =L

e}

For an inductor y leads | by 90, or i, lags v by 90.
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Capacitor:
—= =C%( . sinat) = aCV,, cos@) = I, sin(at +9¢°)

- S 1. i
|:> |, =aCV, =V, = P Il Xe - reactance of the capacitor (Ohms

Capacitive reactance is the opposition to the flow of charge, which results in the
continual interchange of energy between the source and the electric field of the
capacitor. Like the inductor, the capacitor does not dissipate electric energy.

T e

Ve Z=C

For a capacitor | leads v by 9@, or v, lags i by 90.
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As a general rule for circuit with combined elements: if the current
leads the voltage, the circuit is predominantly capacitive, and if the
voltage leads the current, it is predominantly inductive.

L f= 0 Hz (dc) Very high frequencies
— (ii) — — O —> O [e;
—fi— = —
Instead of differentiation, it is possible to use integration depending on the
unknown quantities:

= fua vo = ¢ [t

Dr. Adel Gastli Sinusoidal Alternating Waveforms and
Phasor Concept

e d
= >
- =
-
- -
>
. -
-
-
-
=
.
-
- =
=
] =
o -
-
R
-
e
. -
-
- -
-
el




1.2.2 Average Power and Power Factor

In general the instantaneous power is determined Ip/= Vi

- . V I
In general, for a smgsmdal vqltage and currel p - Vi'm o yop =V,,|, cosd
the average power is determined by: 2

Wheref is the phase angle between the voltage and the current.

V. .
Vi =Vims =—7~  Effective voltage

=] = ' Effective current

I eff rms

PF = cos8 Power Factor

Resistor Inductor Capacitor
A ;
P=%C050=Veﬁleﬁ P=\%cosgo°=o P:%cowo =0
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1.2.3 Rectanqular and Polar Representation

C=A+jB Rectangular form C=c(@ Polarform
Polar to rectangular i Rectangular to polar

A=Ccosd B C=A*+B?,0=tan*>
B=Csind A

Example:

v, =V, sin(at+6,) XV, (6,
v, =V, sin(at +6,,) 2 V,,(6,
V=V, +V, =le<91 +Vm2(6’2 Use the calculator directly with polar form or

convertv; andyv, to rectangular form, do the
summation and convert the result to polar for
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1.2.4 Impedance and Phasor Diagram

Resi\s/tor: V=1Z,% Z, =R(0°=R+j0
=" orVv, =I,R In phasor form v/ :V<0° ol :VE<OO

Inductor: V=12, ¥ 7, =X, (+90° =l (+90° =0+ X,

Im:V—m orV,=1,X_
ok \
In phasor formy =v(0° Y | =—(-90° = 1{-90°
(@2 =3 (-00 =
_ S : 1 :

Capacitor: V =1Z. Y Z. = Xc<—90° :E<—90° =0- jX;
|, =aCV, orV, =1 X,

In phasor formy/ :v<o° S0 :XL<+ 90° = I<+ 9¢r

©

T

0050000000»0»«600000»0«006
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1.2.5 Kirchhoff's Laws

* Voltage Law:the complex (vector) sum of the potential rises and drops
around a closed loop (or path) is zero.

ZOV = 0 i Zovrise = Zovdrops

o Current Law: the complex (vector) sum of the currents entering 2

leaving a junction is zero. Or the sum of currents entering a junction mus
equal the sum of currents leaving the junction.

Z Ientering = Z IIeaving

T
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1.3 Series and Parallel Circuits
1.3.1 Series Circuits

Two elements are in series if they have only one point of intersection
that is not connected to other current-carrying elements of the network.

For Nimpedances in series the equivalent impedance is:
ZT = Z1+Zz +"'+ZN ;ZT<91"

| Impedance amplitudb [PEEENES ATE)
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Current in the circuit:

Voltage across each elemehfi =1z, V,=1Z,, -, V,=1Z, (V)|

Power delivered by each impedanc{Fi’ =I’R (W) (i=1,--, N)|

Power delivered by the sourceP; = Elcos8; =R +P, +--+ R, (W)

L Y\ A LS I

Lo
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Example of Series A Circuit:

Z,+Z7, =3<o° +4<go° =3+j4
iyl
7, 5315 +—{ron o

Impedance diagram:
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Current; = 20<— 5312 (A)

Voltages:
Polar form: Rectangular form:

< =1Z,=20(-5313 x3(0° =60(~5313 (V) V., =36- j48 (V)
V = 1Z, =20(-531F x4(90° =80+ 3687° (V) V. =64+ 48 (V)
Apply Kirchhoff's voltage law: 20\7 = E—\7R _\7L =0Y E :\7R +\7L
E =(36- j48)+(64+ j48)=100+ j0=100(0°
Phasor diagram:
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Power:  Method1: P = El cosf; =100x20x cod53.13 ) = 1200W
Method2: P, =R =20°x3=1200W
Method3: B =Elcosg, =B, + R =V;l cosb; +V, | cosb,

=60x20xc0os0° +80x 20x cos9(°
=1200+0=1200W

Power Factor: pf = % = cosf = cos-531% = 0.6 lagging

| Impedance angle = angle between input voltage and cul’rent

When current is lagging the voltage, the power factor is said to be a:
lagging power factar
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Example of Series R_-C Circuit:
R=30 x =70 X.=30 |:> Z =Z,+Z,+Z,= R<0°+XL<90°+XC<—90°
=3+j7-j3=3+j4
@
7, =sfsatge—{ roriom |

+V -+ V-
E:sc(o" 'l

Series R_-C Circuit

Impedance diagram:
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Current. [ 0 =10-5313 (A)
— .1 - 3

Voltages:
Polar form: Rectangular form:

=1Z,=10-5313 ><3<0° =30<—53.:|.33 V) 18- j24 (V)
56+ j42 (V)
=-24-j18 (V)

Ve
V. =1Z,=10-5312 x7(90° =70+3687 (v) Vi
VC

Ve =1Z,=10-5313 x3(-90° =30-14313 (V)

Apply Kirchhoff's voltage law:
2oV =E-Ve-V -V =0X E=V +V +V
E = (18- j24)+(56+ j42)+ (- 24~ j18) =50+ j0=50/0°
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Phasor diagram:

Time domain:
i =/2x10sin(at -5313)
Ve =/2x30sin(at -5317)
v, =~/2% 703in(ax + 36.87°)
Ve =42 ><303in(wt —1431?)
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Power:

Method 1: P, = El cosé; =50x10xcod5313) = 300W
Method 2: P. = | ’R=10"x3=300W
Method 3: B = El cosf, =P, + PR + P, =V,l cosf, +V, | cosg, +V_I cosb,

=30%x10xcos0° +70x10x cos90° +30x10x cos90’
=300+0+0=300W

Power Factor: PF = L cosd = X 0.6 lagging
El T Z,

Impedance angle = angle between input voltage and cuhent
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Voltage Divider Rule:

Example:

R=30 X, =70 X =30 v,=Z2E-__ RE 350 _ 150 55 gq1z
Z,  R+X -[X. 3+[(7-3 5(531%

+V - v 2ZE_  XE 7(90° x50 _ 35¢9C°

E =5000° | "z ReX-iXe 3+j(7-3 5531%

_ZE_  -X.E _3-90°x50_ 15090C°

T Z, RHX -[X 3+j(7-3 5B31F

=70(3687°

Ve

=30(-14313
Series R_-C Circuit
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1.3.2 Parallel Circuits

Two elements, branches, or networks are in parallel if they

have two points in common.
* Y, = == Admittance
i

= k= dboo. =Y. +Y +.--+

Total impedance of parallel impedances is always less than the value o
the smallest impedance

Parallel Impedances:
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For two parallel impedancesZz, = Z?Z;
+
2

2122
Z122 + ZZZS + le3

For three parallel impedanceg:; =

Conductance:G = 2 (siemensS)
R

Susceptance: B =Xi (siemensS)
L

1 .
B. =—— (siemenss)
Xe Admittance Diagram
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Example of Parallel RL-C Circuit:

> 1

= : Y,=G =6(0° == (0 =02(¢°
R=50  |X, =8Q Jiczzog R
< _ _ _ _ 1 _ _ _
%} % 7 *T Y, =B, =B,(-00 ==~ (-90 =0.125-90
Eq9362056 y'r It le

Parallel RL-C Circuit Ya

Y, =Y, +Y, +Y, =(0.2+J0) +(0-J0.125 +(0+ J0.05
=02-j0075= 0.2136-2056"

B

A= P =
T, 0.2134—20.56’

= 4.68(20.56"

L
Admittance Diagram

Dr. Adel Gastli Sinusoidal Alternating Waveforms and
Phasor Concept

DOONONNNIN0N0NNNONONNOOIII

Current: _ 936(2056°

I, = ZET = m =200°

I', = EG = 936(2056° x0.2(0° =18722056°

I =EB, =936(2056°x0.125-90° =11.7(6944°
I = EB. =936(20.56"x0.0590° = 4.6811056"

Apply Kirchhoff's current law:

=T+ +I, 2 I, -~ -I_=0
(20+ jO)-(17527+ j6.574)- (4.109-10955 — (—1.643+ j4.382) 10+ |0
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Current Divider Rule:

é';ﬁ i -

Example:

Z, =4682056
I, =20(0° _ 27,7, _4682056 x200°

+ - R=5Q |X = SQJ_XC =2 Ir Z T =18x7420.56°
= 9 e
- I I I 8<90°

__Z.[, 4682056°x200°
Parallel R-L-C Circuit le = Z.  20-90

=4.6811056°
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Summary:

Kirchhoff’s law applies to ac circuits the same way it applies to dc circuit#.

Series and parallel circuit rules apply to ac circuits the same way they app
to dc circuits. Instead of resistance R impedance Z is used.

Series Parallel

N impedance admittance
Z,=)Z P

i=1

For any network configuration(series, parallel or series-parallel), the ang
6; by which the applied voltage leads the source current will be positive f
inductive network and negative for capacitive networks.
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