AC PURE RESISTIVE CIRCUIT: CHARACTERISTICS & ANALYSIS

CIRCUIT DIAGRAM AND WAVEFORMS AND PHASE
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POWER ANALYSIS
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| Quantity | Expression | Key Note @ . = VI (Real Power)
. Impedance | Z=R(<0%) | Resistance only. = :"":‘d | are _;“ ; zs‘”
.| Cutrent I=V/R | Follows Ohm's Law (RMS). (T %

! | They reach
. Phase Angle @=0" | Nolagorlead. : ‘ zero and peak
! P = VI cos(0°) = VI
. PowerFactor | cosg =1 | Unity Power Factor. ‘°’!’ B together s(0%) (Reat Power)

. Power P = VI =[?R | Entirely real, resistive loss. § (9) = 0° All power is consumed as heat.
ANALYSIS OF SINGLE-PHASE AC CIRCUITS

i=

Vo

When a sinusoidal AC source v = Vm sin(ot) is applied to a circuit containing resistance (R), inductance (L),
and/or capacitance (C), the resulting current also varies sinusoidally, but its magnitude and phase relationship

with the voltage depend on which elements are present and how they are combined. Analysing an AC circuit
means finding the impedance, current, phase angle, and power for a given combination of R, L, and C.

General approach for AC circuit analysis
o Identify the elements present (R, L, C) and whether they are in series.

e (alculate the reactance of each reactive element: XL = oL, XC = 1/(0C).

e Combine resistance and net reactance to obtain the impedance Z (a complex quantity).
e Apply the AC form of Ohm's Law: | = V/Z to find current magnitude and phase.

e Draw the phasor diagram and impedance triangle to visualise the phase relationship.

e Calculate active, reactive and apparent power, and power factor.

AC Circuit with Pure Resistance (R)

Consider a pure resistor R connected across a sinusoidal supply v = Vm sin(wt). By Ohm's Law, the
instantaneous current is:

i =v/R = (Vm/R) sin(wt) = Im sin(wt)

Since there is no energy-storing element, the current is in phase with the voltage — both reach their

zero, positive peak, and negative peak at the same instant. The phase angle ¢ = 0°.
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AC Circuit with Pure Inductance (L)

Consider a pure inductor L connected across v = Vm sin(ot). The inductor opposes any change in
current by inducing a back-EMF equal to L(di/dt), which must balance the applied voltage at every
instant. Solving this relationship shows that the current lags the voltage by exactly 90°:

i =1Im sin(wt — 90°), where Im =Vm /XL, XL =L =2zflL (Q)

XL, the inductive reactance, represents the opposition offered by the inductor to AC current; it
increases with frequency and inductance, and is zero for DC (f = 0).

Consider a pure inductor L connected across v = ¥, sin(wt). The inductor apposes current change with back-EMF, causing current (1) 1o LAG voltage (V) by 90°.
@ Circuit and Fundamental Analysis ) Phasor Diagram and Relationship  €) Key Quantity Summary Table

i Y4 Quantity Expression | Note
+ VA . Reactance (X)) wl = 2nfL(0) | Cpposes AC.
v = di LL_AEOS.X%;?’Q) Impedance (Z)_ JXy = Xy £90° | Purely Inductive.
Vi sin{wt) TL dt Cutrent (1) ‘,L Lags V by 90°
= .\90 W PowerFactor  cosp =0 | Zero lagging PF
T P=0, No real power,
= [, sin(wt —=90%) (4 v =V, sin(wt) I X i Q = VI (VAR) onlyﬁ:ﬁ;":‘:hmwm
" Vm »
Im =%, L e » @) Real-World Example: Electric Motor © Power Analysis Graph
=wl =2 L () 90" N Fiel 3
X, = oL =2nfL (@) : w012 e goms | A
—— t
W Sa agnetic Sneray

Field collapses, 0
* » (t=1/2-n) rotuming energy
{P<0)

aclilE=

L ] energy-storing element, only exchanging resctive power P=VI cos(90°) = 0).

Motors use inductive coils. The inductor acts as an Average power consumed Is zero
{Q) with the source. Average active power (P} Iszer0. p.g Quo Energy is stored and returned each cycle,

AC Circuit with Pure Capacitance (C)

Consider a pure capacitor C connected across v = Vm sin(wt). The current that flows is the charging
current, i = C(dv/dt), which is maximum when the voltage is changing fastest (near zero crossing) and
zero when voltage is at its peak. This results in the current leading the voltage by 90°:

i=1Im sin(wt+ 90°), where Im =Vm/XC, XC=1/(wC)=1/2xfC) (2)

XC, the capacitive reactance, decreases with increasing frequency and capacitance, and becomes
infinite for DC — confirming that a capacitor blocks DC in steady state.

24EE101-FUNDAMENTAL OF ELECTRICAL ENGINEERING-R .PADMA KUMAR,AP/EEE



AC PURE CAPACITIVE CIRCUIT: CHARACTERISTICS & ANALYSIS

Consider a pure capacitive C connectod across » = ¥, sinfwe). The iInducior opposes curren change with bock-EMF, causing current (1) 3o LAG voitage (V) by 20

&P Circuit Diagram & Current Generation €3 Phasor Diagram & Relationship o Key Quantity Summary Table
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€ Real-World Examples

€ Power Analysis Graphs
4a) Capacitive Power Supply Filter vae VvV

4b) DC Blocking in Audio Signal
Elactorutotic

= A=

before after
Stores/Titers charga in DY\/‘I i /.' 4b) DC Blocking in Audio Signal Avera 3 psr:é:?ononu)m_m 5 Zer0
power suppine. - Blocks OC blas. allows audio (AC) Ps0 G« rorgy s temporarily staored as uhur!rlr twwles

AC Circuit with R and L in Series (R-L Circuit)

When a resistor and an inductor are connected in series across an AC supply, the same current flows
through both, but the voltage across R (VR = IR) is in phase with current, while the voltage across L
(VL = IXL) leads the current by 90°. The applied voltage is the phasor sum of these two.

@' AC R-L SERIES CIRCUIT ANALYSIS [F

EETO)
PHASOR & IMPEDANCE REAL-WORLD APPLICATION
CIRCUIT DIACRAM RELATIONSHIPS & COMPENSATION
(a) Voltage Phasor Di {b) Imp 9 R-L Circult load,
draws lagaing
V=V, i z=JREv X} current

X, =wl

@ v(t) = V,, sin(wt) Vo= IR, I ; R

V is the phasor sum

Z=R+[X = \JRP+ X 29
VoV s VRV leads .

af X
1 by @, cucrent LAGS voltage o thaas (#)

..
Motar draws lagging current,

reducing power factor.
P=Vicosp=FR ‘
Q= Vising = X,
Q (Reactive
Power) = FX,

Power Factor
s=v (Hl Gher, Llusef 10 unity)
z Power Factor; {Low, ur)omn)
coy @ (Lagging) Corrmnsaled
Power Factor
P (Active Power) = FR {Highar, ciosee 1o unity)

Cutrent 1" flows 3 POWER & POWER FACTOR 1
Wlndm? has resistance through both.
(R) & inductance (L) Power Triangle

Fluorescent tube Single-phase Current LAGS voltage; laoolng power factos Compensation with Parallel Capacitor (C)
choke coll induction motor (;

@ between 07 and improves Power Factor.

AC Circuit with R and C in Series (R-C Circuit)

When a resistor and a capacitor are connected in series, the voltage across R (VR = IR) is in phase

with current, while the voltage across C (VC = IXC) lags the current by 90° (equivalently, current
leads VC by 90°). The applied voltage is again the phasor sum.
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{'\3 AC R-C SERIES CIRCUIT ANALYSIS

5

PHASOR & IMPEDANCE REAL-WORLD APPLICATION
e A ORAL RELATIONSHIPS % & COMPENSATION

(a) Voltage Phasor Diagram  (b) Impedance Triangle

—-—wwv———lcl—

@ v(t) = V,, sin(wt)

Ve lags 1 by 90°. 2R K= RV 2
V= Vieu. Viags X
I by @; current LEADS voltage @ =tan ( " )
1 Current 1" Bows 3 POWER & POWER FACTOR 19
Winding has resistance through both,

(R) & inductance (L), Power Triangle o, vicong=rR

| Q= Vising = FX

Q (Reactive s«w
Power) = X, (Apparent; Power Factor:
Power) = | cos @ (Leaging)

¢

P (Active Power) = FR

(&) FR

Curcent LEADS valtage; leading power factor

Resistance (R) (@ between 0 and 90%)

Capacitance (C)

AC Circuit with R, L and C in Series (R-L-C Circuit)

Vs | z= R Xt
Vs iXe V Xo= e
D @
Ve=IR, 1 ”

Timing or phase-shifting
arrangements:

Phase-shifting

Blectronic timingshifting Phaseshiﬂinf circuit
arrangements

taudlo control circuit)

TP

apacitor Bank connected
o correct Inqgmq loads.

ated Power Factor
(Hauhec closer to unity)
{Low, Lagging)

Un

Compensated
Power Faclor
(Highet, cloam 0 unity)

PFC Capacitor Bank connected 10 cofrect
Improves lagging loads

When R, L, and C are all connected in series, the same current | flows through all three elements. VR
is in phase with I, VL leads | by 90°, and VVC lags | by 90°. Since VL and VC are exactly opposite in
phase (180° apart), they partially or fully cancel, and the net reactive voltage is (VL — VC).

UNDERSTANDING AC CIRCUITS: THE SERIES R-L-C ClIRCUIT

@D AC SERIES R-L-C CIRCUIT =
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e Voltage PF

2 Pure R
4, Pure L
er i Pure ©

Jg Current Posistive
Leading PF

(RESONANCE): S
XKy = X Purely Resistive, RADIO/TV TUNING i .,’ "L Serien
Puraly Rasistiva, V & | In phaso (i In Bharet Elweiranics Vo] R-C Series
L — Unity PF — Unity PF mited Hitarn)

@D THREE CONDITIONS OF THE CIRCUIT = € POWER IN AC R-L-C CIRCUITS = POWRE. FRIATSLE
;¥L:’>8E, x.' - x= | (RESONANCE) e Power P e Vicas g~ IR o Apparent Power S « Vi = «Q
- _Cu;n:nl LAG;—_E\;:mn—:LEAE')S Puraly Resistive, = Reactive Power Q = Vising = Fxexg = VI= VPIvQ (3
m LAGS Voltage | LEADS Voltaga &1 in phaa -
— Lagming PI ~— Loading PF — U'\KV "" @ COMPARATIVE SUIMARY OF ALL AC CIRCUITS =
x ;7;7 *’L ;*c - Circuit | impedance Z | Phasa Angle ¢ | Power Factar Nature

AT RLC Serlas | 207 (5 >

- (ED IMPEDANCE & CALCULATIONS =

PHASOR DIAG IMPEDANCE
(Coano X, > X, not lnduc:lvn) TRIANGLE
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Rl Series
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