CLASS-12 JEE - PHYSICS

LR, RC CIRCUITS, POWER AND POWER FACTOR

Impedance
Impedance is like a team of obstacles in an electrical circuit, made up of resistance and reactance.
Imagine it as everything that tries to slow down the flow of tiny electrons in the circuit. This
teamwork affects how electrical current is produced. You can find impedance in all parts of the
circuit and in any electrical setup. We use the letter Z to talk about impedance in math, and it's
measured in ohms. Think of it as a big group that includes both resistance and reactance.
In phasor terms, we show impedance (Z) as a mix of resistance (R) and reactance (X), kind of like
combining two friends to make a strong team.

Z=R+jX
Where reactance X is a combination of Inductive X; and capacitive Xc
X=X+ Xc
Circuit 75
ig
Purely resistive R
Purely capacitive 1
wC
Purely inductive wL

Z = VR? + X? where X = reactance

AC Circuit - Combinations

v = v, sinmt

v =V, sinmt , A I

[ = %sin (wt—g)

vV =V, sinmt

©

I=\QmCﬁn(mt+g)
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LR- Circuit, RC - Circuit and LC Circuit

Term
Circuit

Phasor diagram
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V=V, —Vc(Vp > V¢)
V=V —V(Vg > V)

s
ViagsI (¢ = 5
ifXc > Xp)

2
if X, > X¢) Impedance Z = fRZ + X2
Z=R2+ X2 | Z=IX, —Xc|
Variation of Z asftz?t asfh,z as f1, Z first { then?
with f d 74 74
R R}-eaeaa

> { » f >
Atvery low f Z=R(Xy, = 0) Z =~ X¢ Z =X,
Atvery high f Z =X Z~=RXc—0) Z =X,

Power and power factor

Power in AC Circuit
The average power dissipation in LCR AC circuit

Let

V = Vo sinotand I = Io sin (ot - ¢)

Instantaneous power P = (Vo sinwt) (o sin(ot - ¢) = Vo lo sinet (sinotcosd - singcosmt)
Average power <P>= inOT (Vo Io sin? t ot cos ¢ - Vo lo sin wtcos wtsin ¢)dt

1 (7 1 (7 1
=V, [—Tf sin? w tcos ¢pdt — —Tf sin w tcos w tsin cbdt] =Vl [Ecos ¢ — 0 X sin cb]
0 0

Vplycos
=><P>= %d) = VimslrmsCOS ¢
Instantaneous | Average power/actual power/ | Virtual power/ apparent | Peak power
power dissipated power/power loss Power/rms Power
P =VI P = VIcos ¢ P =VI P=Vol,

»  Ims cosd is known as active part of current or wattfull current, workfull current. It is in phase
with voltage.
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»  Lms sing is known as inactive part of current, wattless current, workless current. It is in
quadrature (90°) with voltage.

Power factor :
Average power p = EpclimcCOS ¢ = rms power X cos ¢
P fact _ Average power d R
ower factor (cos ¢) = Power _ 2d cos b= 7
Power factor: (i)is leading if I leads V
(ii) is lagging if I lags V
> Pay < Prms:
» Power factor varies from 0 to 1
Pure/Ideal () \Y Power factor = Average power
cosd
R 0 V, I same Phase 1 (maximum) Vims * Irms
L N n Vleads I 0 0
2
C T Vlags1 0 0
2
Choke coil N n Vleads I 0 0
2

» Atresonance power factor is maximum(¢ = 0 so cos¢ = 1) and Py, = Vislims

Ex. A voltage of 10 V and frequency 103 Hz is applied to % uF capacitor in series with a resistor of
500Q. Find the power factor of the circuit and the power dissipated.

1 1

Sol. X =— =500Q - Z = \/R? + X2 = ,/(500)2 + (500)? = 500v2Q

= ot 2x103x10°°

P ¢ R 500 1 Power

ower factor cos ¢ = 7= m = 5 dissipated —
1
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