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Alternating Current

Nature of Alternating Current

Alternating current (AC) is an electric current that reverses its direction periodically, unlike direct current (DC) which flows in one direction. Tt
represented as I = Iysinwt or I = Ij cos wt, where Ij is the peak current and w is the angular frequency.

The frequency f is the number of cycles per second, measured in Hertz (Hz). In India, the standard frequency of AC is 50 Hz. The time period '

Waveforms of AC

AC waveforms include square wave, sine wave, and triangle wave. The sine wave is the most common, characterized by smooth periodic os
low values, while triangle waves rise and fall linearly.
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Peak and Root Mean Square Values

The root mean square (rms) value of AC current or voltage is the effective value that delivers the same power as a DC current of the same n

_ L _
Lms = L& = 07071

AC in Pure Inductive and Capacitive Circuits

In a pure inductive circuit, the current lags the voltage by 90° (7/2 radians). The voltage and current are given by:
V = Vysinwt
I = Iysin(wt — 7/2)

The average power consumed in a pure inductive circuit over a full cycle is zero.



In a pure capacitive circuit, the current leads the voltage by 90°. The voltage and current are:
V = Vysinwt
I = Iysin(wt + 7/2)

The average power consumed is also zero.



V=V,

Phasor diagrams represent sinusoidal voltages and currents as rotating vectors (phasors) to illustrate phase relationships. In a pure inducti

Phasor Diagrams

capagcitive circuit, current leads voltage by 90°.
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Reactance and Impedance

Resistance (R) opposes current flow in both AC and DC circuits and is measured in ohms (Q). Reactance (X) is the opposition to AC caused |
Inductive reactance is given by X = wL = 27 fL, where L is inductance.
Capacitive reactance is X¢ = % = ﬁ where C'is capacitance.

Impedance (Z) is the total opposition to AC, combining resistance and reactance:

Z=+/R+ (X1, — Xc)?

Impedance is measured in onms and determines the current in the circuit.

Solved Examples

Example 1: Calculate the rms value of an AC current with a peak value of 10 A.

Solution:

Given Iy =10 A

Ims = 2% = 77 = T07A

Example 2: Find the inductive reactance of a coil with inductance 0.5 H at a frequency of 50 Hz.
Solution:

Xr=2nfL =2 x3.1416 x 50 x 0.5 = 157.08 Q

Example 3: Calculate the impedance of a circuit with resistance 30 Q, inductive reactance 40 Q, and capacitive reactance 10 Q.

Solution:

Net reactance X = Xy — X¢=40—-10=30Q

Impedance Z = v R2 4+ X2 = 1/30% + 30? = /900 + 900 = v/1800 = 42.43 Q



Practice Set

¢ Level I: Define alternating current and state its frequency in India.
¢ Level 2: Explain the phase relationship between current and voltage in a pure inductive circuit.
e Level 3: A series AC circuit has R =20 Q, L = 0.1 H, and C = 50 pF. Calculate the impedance and the phase angle at 50 Hz.

Answer Key

Level 1: Alternating current is an electric current that reverses direction periodically. In Indig, its frequency is 50 Hz.
Level 2: In a pure inductive circuit, the current lags the voltage by 90 degrees.

Level 3: Given:R=20Q,L=0.1H,C =50 yF =50 x 10-¢ F, f = 50 Hz

Calculate angular frequency w = 2rf = 2 x 3.1416 x 50 = 314.16 rad/s

Inductive reactance X = wL = 314.16 x 0.1 = 31.42Q

Capacitive reactance X¢ = % =—1 - —63.660Q

314.16x50x107°

Net reactance X = X — X = 31.42 — 63.66 = —32.24Q

Impedance Z = vRZ + X2 = /202 + (—32.24)2 = /400 + 1039.4 = /1439.4 = 37.94 0

Phase angle ¢ = tan™! (%) = tan! (%) = —58.3°

The negative angle indicates current leads voltage.

LCR Series Circuit

Components and Circuit Description

An LCR series circuit consists of a resistor (R), an inductor (L), and a capacitor (C) connected in series with an AC supply. The applied voltage

The voltage equation is:

V =Vpsinwt = RI+ L4 + Lq

where q is the charge on the capacitor.



Current and Impedance

The steady-state current is sinusoidal:
I = Iysin(wt — ¢)
where Iy = % is the maximum current, and ¢ is the phase difference between voltage and current.

Impedance Z is given by:

Z= /Rt (X, — Xc)

where X1 = wL and X¢ = % are inductive and capacitive reactances respectively.

The phase angle ¢ is:

tan¢ = —XLEXC






Resonance in LCR Circuit

Resonance occurs when the inductive reactance equals the capacitive reactance:

Ty = Iy

At resonance, impedance is minimum and equals resistance Z = R, and current is maximum:

Vo
I():F

The resonance frequency is:

f: 1

2mv/LC

The quality factor (Q) measures the sharpness of resonance:

Q|

Lu)
I
==
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Power in AC Circuits

The instantaneous power is:

P =VI = Wlsinwtsin(wt — ¢)
The average power over a cycle is:
Povg = VimsIrms cos ¢

where cos ¢ is the power factor.

Power factor varies between 0 and 1. When power factor is zero, the current is called wattless current, as in pure inductive or capacitive circu

Solved Examples

Example I: Calculate the resonance frequency of an LCR circuit with L = 0.1 H and C' = 50uF.

Solution:

f=—_~= i = T1.2 Hz
2mV/ILC 23.1416x1/0.1x50x 10~



Example 2: Find the impedance of a series LCR circuit with R = 30Q, L = 0.2 H, C' = 100 F at 50 Hz.

Solution:

w=2mf=314.16 rad/s

X; =wL =314.16 X 0.2 = 62.83Q

. @ _
3T216x100x10-° — 91.83Q

Xe=2=
X=X, —Xc=6283-3183=31Q

Z =+/R2+ X2=+/30%2+312=43.27Q

Practice Set

¢ Level I: Define impedance in an AC circuit.
¢ Level 2: Derive the expression for resonance frequency in an LCR circuit.
e Level 3: Calculate the quality factor of an LCR circuit with R = 10 Q, L = 0.05 H, and C' = 20uF.

Answer Key

Level I: Impedance is the total opposition to the flow of alternating current in a circuit, combining resistance and reactance.

. _ _ e 2 _ 1 _ 1
Level 2: At resonance, X1, = X¢, sowL = —c Which gives w 7¢ and f T /IC

Level 3:Given R =10Q,L = 0.05H,C = 20 x 107 °F

_ L _ 1 005 _
Q= \/5 = 4/ — 1118

|

AC Generator and Transformer

AC Generator

An AC generator converts mechanical energy into alternating electrical energy using electromagnetic induction. It consists of a coil (armatt
poles of a magnet.
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The induced emf in the coil is given by:
e = eysinwt = NBAwsin wt
where N is the number of turns, B is the magnetic field strength, A is the area of the coil, and w is the angular velocity.

Transformer

A transformer changes the amplitude of alternating voltages using mutual induction between two coils (primary and secondary) wound on

The voltage and current ratios are related by:



where V,, I,, N, are primary voltage, current, and turns; Vs, I, N, are secondary values; and k is the transformation ratio.

Step-up transformers have k > 1, increasing voltage; step-down transformers have k < 1, decreasing voltage.

Efficiency 1 of a transformer is:

__ Output power __ VI,
n= Input power VoI,

Typical efficiency is above 90%, with losses due to flux leakage, resistance, eddy currents, and hysteresis.

Soft iron-core

N N For generator:
;.VS-—-prandlﬁ—lp . ee=¢gpinot=NBA
§ | =& - NBAwsin
L —— 0. T | R Sl ¥

Solved Examples

Example 1: Calculate the peak emf of a generator with 100 turns, magnetic field 0.5 T, coil area 0.02 m?, rotating at 50 Hz.



Solution:
w=2mf =314.16 rad/s
ep = NBAw =100 x 0.5 x 0.02 x 314.16 = 314.16 Vv
Example 2: A transformer has 500 turns on the primary and 100 turns on the secondary. If the primary voltage is 240 V, find the secondary vol
Solution:
N, N,

Ve _ _ _ 100 __
W—ijVg—‘/pXWp—240Xm—48V

Practice Set

e Level I: What is the principle on which an AC generator works?
¢ Level 2: Explain the working of a transformer and state the formula relating voltages and turns.
e Level 3: Calculate the efficiency of a transformer if input power is 1000 W and output power is 940 W.

Answer Key

Level I: An AC generator works on the principle of electromagnetic induction.

Level 2: A transformer works by mutual induction between two coils on a soft iron core. The voltages and turns are related by % = %

Level 3: Efficiency n = % x 100 = 20 x 100 = 94%.

Quick Reference Table

Alternating Current: Current reversing direction periodically; frequency in India is 50 Hz.

Vo
Ve =

RMS Values: I,,,,, = "

1o
ok

Reactance: X1 = wL, X¢ = —&.

Impedance: Z = 1/ R2 + (X — X¢)2

1
2nvVLC '

Resonance Frequency: f =

Power Factor: cos ¢, ratio of real power to apparent power.



AC Generator: e = N BAw sin wt.

Ve _ Ny _ . _ VI
Transformer: v, =N = k, efficiency n = VI,

Common Mistakes and Misconceptions

¢ Confusing peak value with rms value; rms is always 0.707 times peak.

e Assuming current and voltage are always in phase; phase difference depends on circuit elements.

¢ Neglecting reactance in AC circuits, leading to incorrect impedance calculations.

¢ Misunderstanding resonance condition; it occurs when inductive and capacitive reactances are equal.
e Believing transformers can work with DC; transformers require AC to operate.

Glossary

o Alternating Current (AC): Electric current that reverses direction periodically.

 Root Mean Square (RMS): Effective value of AC current or voltage.

e Reactance: Opposition to AC due to inductance or capacitance.

¢ Impedance: Total opposition to AC, combining resistance and reactance.

¢ Resonance: Condition in LCR circuit where inductive and capacitive reactances are equal.
e Power Factor: Ratio of real power to apparent power in AC circuits.

¢ Electromagnetic Induction: Generation of emf by changing magnetic flux.

e Transformer: Device that changes AC voltage levels using mutual induction.



