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1.1 Sinusoidal Alternating Waveforms1.1 Sinusoidal Alternating Waveforms
1.1.1 General Format for the Sinusoidal Voltage & Current

tAA mm ωα sinsin = Basic mathematical format for the sinusoidal waveform
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1.1.2 Average Value:
curvetheoflength

areastheofsumalgebraic
value)(average =G
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The average value of
a pure sinusoidal
waveform over one
full cycle is zero.

If the waveform equation is:
then the average value is:

αsin0 mAAa +=
0AG =
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1.1.3 Effective Values:

~

RSwitch 2 Switch 1
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P mm
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The average power delivered is:
2

2
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P m

acav =

The effective value of an ac
current is the equivalent dc
current that delivers the same
power as the ac current.
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Equating the average power delivered by the ac generator to that delivered by
the dc source,

dcmdc
m

dcacav IIRI
RI

PP 2
2

2
2

)( =�=�=

mmdc III ×== 707.0
2

1
mmeff III ×== 707.0

2

1

mmeff EEE ×== 707.0
2

1
Same thing for the voltage:

In general, the effective value of any quantity plotted as a function of time can
be found by using the following equation:
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This procedure gives us another designation
for the effective value, theroot-mean-square
(rms) value.
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Response of the basic R, L and C elements to a sinusoidal voltage and current.

Resistor:Resistor: tIt
R

V

R
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i m
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I mm
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m =⇔=

For a purely resistive element, the voltage across and the current through
the element are in phase
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1.2 Basic Elements and Phasors

1.2.1 Elements
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Inductor:Inductor:

( ) ( )o
mmm

L
L tVtLItI

dt

d
L

dt

di
Lv 90sin)cos(sin +==== ωωωω

mm LIV ω=

For an inductor vL leads iL by 90o, or iL lags vL by 90o.
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Lv L
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2
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LXL ω= : 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.
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Capacitor:Capacitor:

( ) ( )o
mmm

C
C tItCVtV

dt

d
C
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Ci 90sin)cos(sin +==== ωωωω

mmmm I
C
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ω
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For a capacitor iC leads vC by 90o, or vC lags iC by 90o.

mV
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π π2
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Cv
mICi
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Cv C

tω
2

π
2

π−

C
XC ω

1= : 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.
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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.

f= 0 Hz (dc) Very high frequenciesL

C
C

XC ω
1=

LXL ω=

fπω 2=

ÿ= dtv
L

i LL

1 ÿ= dti
C

v CC

1

Instead of differentiation, it is possible to use integration depending on the
unknown quantities:
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vip =In general the instantaneous power is determined by:

In general, for a sinusoidal voltage and current,
the average power is determined by:
Whereθ is the phase angle between the voltage and the current.

θθ coscos
2 effeff

mm IV
IV

P ==
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2
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==

==
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VV

m
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m
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Effective current
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effeff
mm IV

IV
P == 0cos

2
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2
== ommIV

P 090cos
2

== ommIV
P

1.2.2 Average Power and Power Factor
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jBAC +=ÿ Rectangular form θCC =ÿ Polar form

A
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Polar to rectangular Rectangular to polarj
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θθω

θθω
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VVvvv
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Use the calculator directly with polar form or
convertv1 andv2 to rectangular form, do the
summation and convert the result to polar form.

Example:

1.2.3 Rectangular and Polar Representation
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RIV
R

V
I mm

m
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1

90
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ÿÿÿÿ

1.2.4 Impedance and Phasor Diagram
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1.2.5 Kirchhoff’s Laws

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

•• Current Law:Current Law: the complex (vector) sum of the currents entering and
leaving a junction is zero. Or the sum of currents entering a junction must
equal the sum of currents leaving the junction.

��� ΟΟΟ
=⇔= dropsrise VVV 0

�� = leavingentering II
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1.3 Series and Parallel Circuits
1.3.1 Series Circuits

Z2Z1

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.

TTNT ZZZZZ θ=+++= �21

≡

For N impedances in series the equivalent impedance is:

ZNI I I

I

I

Impedance angle
Impedance amplitude

~ oEE 0=~ TZZ θ=
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(A)
0

T
TT

o

T

I
Z

E

Z
E

I θ
θ

−===

(V),,, 2211 NN ZIVZIVZIV
�

� ===

Current in the circuit:

Voltage across each element:

Power delivered by the source: (W)cos 21T NT PPPEIP +++== �θ

Power delivered by each impedance : N),1,(i(W)2 �== ii RIP
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~ oE 0100=

Ω= 3R Ω= 4LX

−+ RV −+ LV

I

+

−

Example of Series RExample of Series R--L Circuit:L Circuit:

439040321 jZZZ oo
T +=+=+=

o
TZ 13.535=

Impedance diagram:

j

+

XL=4Ω Z=
5Ω

R=3Ω

o13.53=θ

Series RSeries R--L CircuitL Circuit

Rectangular form

Polar form
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Current:Current:
(A)13.5320

13.535

0100
o

o

o

TZ

E
I −===

Voltages:Voltages:

Apply Kirchhoff’s voltage law:

( ) ( ) o

LRLR

jjjE

VVEVVEV

0100010048644836

0

=+=++−=

+=�=−−=� Ο

Polar form:

(V)87.368090413.5320

(V)13.53600313.5320

2

1

ooo
L

ooo
R

ZIV

ZIV

+=×−==

−=×−==
Rectangular form:

(V)4864

(V)4836
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jV

L

R

+=
−=

Phasor diagram:Phasor diagram: j

+

80

60
o13.53

100

o87.36

RV

LV

E

I
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Power:Power: ( ) W120013.53cos20100cos =××== o
TT EIP θ

W120032022 =×== RIPT

W120001200

90cos20800cos2060

coscoscos

=+=
××+××=

+=+==
oo

LLRRLRTT IVIVPPEIP θθθ

Method 1:

Method 2:

Method 3:

Power Factor:Power Factor: lagging6.013.53coscos =−=== oT

EI

P
PF θ

Impedance angle = angle between input voltage and current

When current is lagging the voltage, the power factor is said to be a:
lagging power factor.
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Example of Series RExample of Series R--LL--C Circuit:C Circuit:

~ oE 050=

Ω= 3R Ω= 7LX

−+ RV −+ LV

I

+

−

43373

90900321

jjj

XXRZZZZ o
C

o
L

o
T

+=−+=

−++=++=

o
TZ 13.535=

Impedance diagram:

j

+

XL=7Ω

Z=
5Ω

R=3Ω

o13.53=θ

Series RSeries R--LL--C CircuitC Circuit

Rectangular form

Polar form

Ω= 3CX

−+ CV

XC=3Ω

XL-XC=4Ω
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Current:Current: (A)13.5310
13.535

050
o

o

o

TZ

E
I −===

Voltages:Voltages:

Apply Kirchhoff’s voltage law:

( ) ( ) ( ) o

CLRCLR

jjjjE

VVVEVVVEV

050050182442562418

0

=+=−−+++−=

++=�=−−−=� Ο

Polar form:

(V)13.1433090313.5310

(V)87.367090713.5310

(V)13.53300313.5310

3

2

1
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C
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L
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R

ZIV
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−=−×−==

+=×−==

−=×−==

Rectangular form:

(V)1824

(V)4256

(V)2418

jV

jV

jV

C

L

R

−−=
+=
−=
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Phasor diagram:Phasor diagram:
j

+
o13.53

o87.36

RV

LV

E

I

CL VV −

Time domain:Time domain:

( )
( )
( )
( )o

C

o
L

o
R

o
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87.36sin702
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ω
ω
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Power:Power:

( ) W30013.53cos1050cos =××== o
TT EIP θ

W30031022 =×== RIPT

W30000300

90cos103090cos10700cos1030

coscoscoscos

=++=
××+××+××=

++=++==
ooo

CCLLRRCLRTT IVIVIVPPPEIP θθθθ

Method 1:

Method 2:

Method 3:

Power Factor:Power Factor: lagging6.0cos ====
T

T

Z
R

EI
P

PF θ

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

Z2Z1 ZNI I I

I
~

i

i

T Z

V

Z

E
I ==

T

i
i Z

EZ
V =

Example:

~ oE 050=

Ω= 3R Ω= 7LX

−+ RV −+ LV

I

+

−

Series RSeries R--LL--C CircuitC Circuit

Ω= 3CX

−+ CV

o

o
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C

T

C
C

o

o
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L

T

L
L

o

o
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R
R

jjXjXR
EjX

Z
EZ

V

jjXjXR
EjX

Z
EZ

V

jjXjXR
RE

Z
EZ

V

13.14330
13.535

90150

)37(3

50903

87.3670
13.535

90350

)37(3

50907

13.5330
13.535

150
)37(3

503

−==
−+
×−

=
−+

−==

==
−+

×
=

−+
==

−==
−+

×=
−+

==
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1.3.2 Parallel Circuits
Two elements, branches, or networks are in parallel if they
have two points in common.

1 2

a

b

Parallel Impedances:

NZ2Z
1Z

TZ

NT ZZZZ
1111

21

+++= � NT YYYY +++= �21

Admittance
1 ==

i
i Z

Y

Total impedance of parallel impedances is always less than the value of
the smallest impedance
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For two parallel impedances:
21

21

ZZ
ZZ

ZT +
=

For three parallel impedances:
313221

321

ZZZZZZ
ZZZ

ZT ++
=

Conductance: S)(siemens,
1
R

G =

Susceptance: S)(siemens,
1

L
L X

B =

S)(siemens,
1

C
C X

B =

CB

G

LB

j+

+

Admittance DiagramAdmittance Diagram
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Example of Parallel RExample of Parallel R--LL--C Circuit:C Circuit:

oo

C

o
CC

oo

L

o
LL

ooo

X
BBY

X
BBY

R
GGY

9005.090
1

90

90125.090
1

90

02.00
1

0

3

2

1

====

−=−=−==

====

Parallel RParallel R--LL--C CircuitC Circuit

o

T

.-j.

JJJYYYY

56.202136.0075020

)05.00()125.00()02.0(321

−==

++−++=++=

o

o
T

T Y
Z 56.2068.4

56.202136.0

11 =
−

==

j

+o56.20=θ

CB

LB

CL BB +

TY

G

Admittance DiagramAdmittance Diagram

~
Ω= 5R Ω= 8LX

CI

+

−

Ω= 20CX

LIRI

TI

56.206.93=E
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Current:Current:

ooo
CC

ooo
LL

ooo
R

o

o

o

T
T

BEI

BEI

GEI

Z

E
I

56.11068.49005.056.206.93

44.697.1190125.056.206.93

56.2072.1802.056.206.93

020
56.2068.4

56.206.93

=×==

=−×==

=×==

===

Apply Kirchhoff’s current law:

( ) ( ) ( ) ( ) 00382.4643.1955.10109.4574.6527.17020

0

jjjj

IIIIIIII CLRTCLRT

+≅+−−−−+−+
=−−−�++=
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Current Divider Rule:Current Divider Rule:

iiTT ZIZIE ==

i

TT
i Z

IZ
I =

Example:

Parallel RParallel R--LL--C CircuitC Circuit
o

o

oo

C

TT
C

o

o

oo

L

TT
L

o

o

oo

R

TT
R

o
T

Z
IZ

I

Z
IZ

I

Z
IZ

I

Z

56.11068.4
9020

02056.2068.4

44.697.11
908

02056.2068.4

56.2072.18
05

02056.2068.4

56.2068.4

=
−

×
==

−=
×

==

=
×

==

=

NZ2Z
1Z~

1I 2I NI

E

TI

~
Ω= 5R Ω= 8LX

CI

+

−

Ω= 20CX

LIRI

o
TI 020=

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

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

Summary:Summary:

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

Series Parallel
impedance admittance

�
=

=
N

i
iT ZZ

1

�
=

==
N

i iT
T ZZ

Y
1
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