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THE SINUSOIDAL SOURCE

A sinusoidal voltage (current) source  produces a voltage 
(current) that varies sinusoidally with time.
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Vm is the amplitude,

is the frequency in rad/sec.
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PHASE ANGLE
θ in the equation is called the phase angle of the sinusoidal voltage 
and it determines the value of the function at t=0. Changing the
phase angle shifts the function along the time axis but has no effect 
on the amplitude or the angular frequency.
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RMS (root mean square) VALUE
The rms value of a periodic function is defined as the square 
root of the mean value of the squared function.
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EXAMPLE
Find the rms value of i(t)i(t)
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THE SINUSOIDAL RESPONSE
Assume that the initial current in the 
circuit is zero, find i(t) for t>=0.

)cos()( θω += tVtv ms

)cos( θω +=+ tVRi
dt
diL m

tItIti

The forced response must 
have the general form

ωω sincos)( 21 +=

0cos)(sin)(
cos)sincos()cossin(

1221

2121

=−+++−
=+++−

tVRILItRILI
tVtItIRtItIL

m

m

ωωωω
ωωωωωωω

R

L
Vs

t=0

i(t)+



Circuit Analysis II Spring 2009 Osman Parlaktuna

t
LR

LVt
LR

RVti

LR
LV

LR
RVI

VRILIRILI

mm

mm

m

ω
ω

ωω
ω

ω
ω

ω

ωω

sincos)(

I            

0         0

222222

22222221

1221

+
+

+
=

+
=

+
=

=−+=+−

A simpler equation may be obtained by expressing i(t) as a 
single sinusoid with a phase angle
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If w=0 or L=0, the 
current must be in 
phase with the 
voltage.

If R=0, current lags 
the voltage by 900
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THE PHASOR
The phasor is a complex number that carries the amplitude and 
phase angle information of a sinusoidal function. 
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θj
meV Carries the amplitude and phase angle of the given 

sinusoidal function and is defined as the phasor representation
θj

meV=V transforms the sinusoidal function from the 
time domain to the complex number domain, which is 
also called the frequency domain.
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Inverse Phasor transform: Given             what is the 
corresponding time domain function?
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Where all the voltages are sinusoidal voltages of the same 
frequency, then
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Example

sinusoid. single a as    express
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Using phasors
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The V-I Relationship for a Resistor

+
R
v
i

IVI
V

RI
RIeRI

tRIvtIi

im

im
j

m

imim

i

=⇒=
==

+=⇒+=

θ
θ

θωθω
θ

  
  

)cos()cos(

The phase angle between voltage and current for a resistor
is zero for a resistor. The signals are said to be in phase
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The V-I Relationship for an Inductor
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The phase difference between voltage and current for an inductor
is exactly 900 and voltage leads current or current lags  voltage
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The V-I Relationship for a Capacitor
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Impedance and Reactance

Voltage current relationship for a resistor, inductor or capacitor is

V I= Z Where Z represents the impedance of the circuit element

Impedance in the frequency domain is the quantity analogous to
resistance, inductance, and capacitance in the time domain. The 
imaginary part of the impedance is called reactance 

Element     impedance   reactance
Resistor          R                 ---
Inductor        jwL               wL
Capacitor      1/jwC          1/wC

Impedance is measured in Ohms
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Kirchhoff’s Laws in the Frequency Domain

Voltage Law: Sum of the voltages around a closed path in a circuit is zero

v v vn n1 2 1 20 0+ + + = ⇒ + + + =L LV V V

Current Law: Sum of the currents entering (leaving) a node is zero

i i in n1 2 1 20 0+ + + = ⇒ + + + =L LI I I
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Series and Parallel Impedances
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ADMITTANCE

Admittance is defined as the reciprocal of impedance

Y
Z

G jB= = +
1

G is called conductance and B is called susceptance.

Unit of admittance is mhos
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EXAMPLE
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Determine the currents
and voltage V in the circuit.
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DELTA-to-Wye Transformations
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Example

Replacing the lower delta by
its Y equivalent:

Use a delta-to-wye transformation
to find currents and voltages
in the circuit
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SOURCE TRANSFORMATIONS
Find V0 using successive

source transformations
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THE NODE-VOLTAGE METHOD
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THE MESH-CURRENT METHOD
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SUPERPOSITION
Use superposition to determine vR(t) 
for R=20   , L1=2 mH, L2=6 mH, 
C=20 μF, vs1(t)=100 cos 5000t V,
and vs2(t)=120 cos(5000t+300) V.
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THEVENIN EQUIVALENT

Use Thevenin’s theorem to find the 
current Ix in the circuit.
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