LINEAR CIRCUIT ANALYSIS
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INTRODUCTION

Power analysis is of paramount importance.

Power is the most important quantity in electric utilities,
communication, electronic and power systems.

Every industrial and household electrical device has a
power rating that indicates how much power the
equipment requires.

Generally there are three types of electrical power:
Active power, Reactive power and Apparent power.

Power may be measured as Instantaneous power or
average power.




INSTANTANEOUS & AVERAGE POWER

Power is the rate at which an element absorbs energy.

The Instantaneous Power (watts) is the power at any
instant of time.

p(1) = v(1)i(2)

1(t)
—
. . + Passive
Sinusoidal )
v(t) linear
source
- network

INSTANTANEOUS & AVERAGE POWER

Consider voltage and current;
v(t) = V,,cos(wt + 0,)
i(t) = 1,, cos(wt + 6,)
Instantaneous power;
p(t) = v@)i(t) = V1, cos(wt + 60,) cos(wt + 6))
Applying trigonometric formula;

cos 4 cos B = —~[cos(4 — B) + cos(4 + B)]
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l l
p(t) = :I',,‘./,,‘. cos(f, — 6;) + 71',,‘./,,, cos(2wt + 6, + 6,)




INSTANTANEOUS & AVERAGE POWER
|

p(t) = =Vl cos(0, — 6;) + =Vl cos(2wt + 6, + 6;)

Instantaneous power has two parts: 1% part is constant
and time independent while 2" part is sinusoidal
function with double angular frequency than voltage

and current.
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INSTANTANEOUS & AVERAGE POWER

From sketch of p(t), it is evident that p(t) is periodic
function and has time period of T,=T/2 because its
angular frequency is twice than that of voltage or
current.

The instantaneous power changes with time and
therefore difficult to measure.

The average power is more convenient to measure.

The wattmeter is an electrical instrument which measures
average electrical power.




‘ INSTANTANEOUS & AVERAGE POWER

The Average Power, in watts, is the average of the
instantaneous power over one period.
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The 1°" integral is constant and average of a constant is
the same constant.
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INSTANTANEOUS & AVERAGE POWER

The 2" integral is sinusoidal: average value of
sinusoidal function is always zero because areas of
positive and negative half cycles are equal.

Thus average power will be;

l
P=—V,I,cos(0, — 0,

m=m

In phasor form; -
P 'V = V,,/0,and I = [, L()_,

-
:\l:ﬂ =

Vindn/ 0, — 0,

Vinlnlcos(6, — 6,) + jsin(6, — 6,)]
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INSTANTANEOUS & AVERAGE POWER

The real part of expression will be average power.

| S I
P= ;Rc[\"l*] = ;l"’,,,l,,, cos(#, — 6,)

, voltage and current are in phase in

When 0, = 0;
case of pure resistive load.
l l . -
P=—=V I =—I.R=—|lI"R
9 . : 0, ‘ :
When 6, — 6, = £90°, in case of pure reactive circuit.

P=—-V,l, cos 90° = 0

A resistive load absorbs power all the time while
reactive load absorbs zero average power.

PROBLEMS

Find instantaneous and average power?
v(t) = 120 cos(377t + 45°) V i(t) = 10 cos(377t — 10°) A

p(t) = 344.2 + 600 cos(754t + 35°)W 3442 W

Find average power?
Z =30—;70() vV =120/0° 37.24 W
Find average power supplied by source and absorbed

' 4Q
l—,'2 Q

by resistor?
5,30°V (1)
T 2.5W

+:;




EFFECTIVE OR RMS VALUE

The Effective Value of a periodic current is the dc
current that delivers the same average power to a
resistor as the periodic current.

The average power absorbed by resistor in ac circuit;
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EFFECTIVE OR RMS VALUE

The average power absorbed by resistor in dc circuit;

P=JI.-R
! ofr
—
. |
Vet = R
Equating both powers; Similarly \‘/ol’rage;

1 [’

B , 1 (",
[ = \ 7 ) i~ dt Vegr = \ 7 ‘,“ v-dt




EFFECTIVE OR RMS VALUE

The Effective Value of a periodic signal is its root mean
square (rms) value.

[

7
s = \1.' ? [ 1,2,, cos” wt dt
0

’212 wi
[*m m
=\l —(1 + cos 2wi) dt =
N1 2 V2
Similarly; v,
Vrms =
Power in rms; V2
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P = EL,,,I,,,(,()S((),. —0;) = 3 /2

= Vrmslrms C()S(()z* - 01)

cos(f, — 0))

PROBLEMS

Determine the rms value of the current waveform? Also
fine average power absorbed by 2 Q) resistor?
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(8.165 A, 133.3 W)




APPARENT POWER AND POWER FACTOR

Sinusoidal voltage and current;

v(t) = V,, cos(wt + 0,) i(t) = 1, cos(wt + 0,)

Phasor voltage and current;

V= ".””ZOL 1 = [mZ(Li-
Average power;

P = —V,l,cos(0, — 6,

P = I'I.m\/l_m\ cos(t/, — 0;) = S cos(0,, — (I‘,)

S=V

ms [rms

APPARENT POWER AND POWER FACTOR

The Apparent Power (in VA) is the product of the rms
values of voltage and current.

S = Vems!

ms-rms

The Power Factor is the cosine the phase difference
between voltage and current.
[)

pf = S = cos(6, — 0,)

Power factor is the ratio of average power to apparent
power that’s why this quantity is dimensionless.




APPARENT POWER AND POWER FACTOR

Power factor may also be defined as the cosine of the
angle of the load impedance.
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APPARENT POWER AND POWER FACTOR

The value of power factor (pf) ranges between zero
and unity.

For pure resistive load, 6, — 6, = 0 pf =1
For pure reactive load, g — ¢ = +90° pf =0

In between these two extreme cases, pf is said to be
leading or lagging.

In capacitive load, current leads voltage which causes
power factor to be leading.

In inductive load, current lags voltage which causes
power factor to be lagging.




PROBLEMS

Find apparent power and power factor?
i(t) = 4 cos(1007rt + 10°) A
v(t) = 120 cos(1007rt — 20°) V

(240 VA, 0.866 lag)

COMPLEX POWER

The apparent power represented in phasor form is
known as complex power.

ider: |
Consider; S = ;\'l*

‘S = \ rm.\l'i:m_\

/ /
S 4 / — o /
= | mhL”r- lmh /rm,\/
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S = I'rm.\/nnxi(){' o ”:

- "l'm\/x'm\ COS( ”1- o ”;) *:__/.I;'m\/,-m\ .\‘ill(()r - U)




COMPLEX POWER

Real parts of complex power is called Real Power;
P = l'x‘m.\/rm.\ cos(t, — 0,).

Imaginary part of complex power is called Reactive
Power; .

(\) - ’.1‘111\11'1115 \ln( ()( o ().’)

Complex Power (VA) is the product of rms voltage
phasor and complex conjugate of the rms current
phasor. As a complex quantity, its real part is real
power P (Watts) and imaginary part is reactive power

Q (VARS).

COMPLEX POWER

Complex Power =S = P + jO = Vn(Iime) ™
= vrms lrmsZ()v B 01
Apparent Power = § = [S| = Vs = \VP? + Q2
Real Power = P = Re(S) = Scos(0, — 6))
Reactive Power = O = Im(S) = Ssin(0, — 0))

[)
Power Factor = ? = cos(f, — 0,)




COMPLEX POWER

Power Triangle;
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COMPLEX POWER
Power Triangle; Im A
(\
+0 (lagging pf)

= ( for resistive loads (unity pf).
< 0 for capacitive loads (leading pf). S
> 0 for inductive loads (lagging pf).

QIO

—-(Q (leading pf)




PROBLEMS

Find complex power, apparent power, real power,
reactive power, power factor and load impedance?

v(t) = 60 cos(wt — 10°)V
i(t) =1.5 cos(wt + 50°) A

CONSERVATION OF AC POWER

The principle of conservation of power applies to ac
circuits as well as to dc circuits.

The complex, real and reactive powers of the sources
equal the respective sums of the complex, real and
reactive powers of the individual loads.

S=8§ +S, +-+ Sy
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