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ﬁ AC Circult
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An alternating current (AC) i1s an electrical current that

regularly reverses direction and changes its value constantly with

time .
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IS how much the circuit impedes the flow of charge. It is like

resistance, but it also takes into account the effects of capacitance

and inductance. Impedance is measured in ohms (ohm).

Impedance can be split into two parts:

» Resistance R (the part which is constant
regardless of frequency)

» Reactance X (the part which varies with
frequency due to capacitance and

Inductance) .

Impedance 7

Resistance R

X=X.-Xe

Reactance

Impedance, Z = JR2+ X2



Passive Components in AC Circuits
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The opposition to current flow through a passive component in an AC circuit is called:

resistance, R for a resistor, capacitive reactance, XC for a capacitor and inductive reactance,

XL for an inductor. The combination of resistance and reactance is called Impedance.
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Types of Capacitors and Their Uses

Fixed Capacitor = Mica Capacitor Paper Cap:;citor Film Capacitor
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ﬁ Purely Resistive Circuit (A Resistive Load)

Resistors are “passive” devices, that
Is they do not produce or consume
any electrical energy, but convert

electrical energy into heat .

Current -:IH
wt= 4 [C
' |
Supply Voltage Resistance : : Supply
Wi = Vi sin ot @ : : Ve ]
Y 10V
< | -
————— L)

Is’
7=Yp =R
IF-L
Vs
[ ='s
R
Current Flow Current Flow
' AC
Supﬂy

I'H’IE




E=mc?

& ﬁ Purely Inductive Circuit (An Inductive Load)
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The inductive reactance of the AC

circuit can be represented as :

The X, is called the inductive

reactance of an inductor. The SI

unit of X, is the ohm.

The current and voltage are related by an equation similar to Ohm's Law with

VL = l'XL

Inductive Reactance, X, = anL}

where X 15 known as the inductive reactance, is measured in units of chms, and is given by

X = 2nfl= wL.
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"¢ ﬁ Purely Capacitive Circuit (A Capacitive Load)

The capacitance reactance of the :

AC circuit can be represented as : @V .

A
Capacitive Reactance, Xc = _—

1 -1

— (capacitive reactance).

¥ =
v Wk w,C

X. =

227C (As wC = 2rnfC)

VC: [CXC

(capacitor).

X, is called the capacitive reactance of a

Where, w = Angular Frequency

f = Frequency

C = Capacitance Value of Capacitor just as for resistance R.

capacitor. The SI unit of X, is the ohm,
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Series AC Circuits

Passive components in AC circuits can be connected together in series

combinations to form RC, RL and LC circuits as shown.

Series RC Circuit

Series RL Circuit
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Parallel AC Circuits

Passive components in AC circuits can be connected together in Parallel

combinations to form RC, RL and LC circuits as shown.

Parallel RC Circuit Parallel RL Circuit
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RLC Circults

All three passive component in AC circuits can also be connected together in
series combinations as shown below .

KVL: V-V, -V -V_ =0

i o Series RLC Circuit
Vg-IR- L - = =0

2 2
Vo= R+LG+ 3

2 2
Vs = '\{VR +(Vy - V)
VS - VS

2 2
L \,R + (X, -X,)

I, =
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? = ﬁ? The impedance Z of a series RLC circuit depends
W R 7

upon the angular frequency, o as do XL and XC

< If the capacitive reactance is greater than the z° =RrR" + (X -x_)’ }1
inductive reactance, X > X, then the overall K3
circuit reactance is capacitive . L R
* if the inductive reactance is greater than the 2 R ol B8
capacitive reactance, X, > X. then the overall }:
circuit reactance is inductive .
< If the two reactance’s are the same and X = X [ = \/Rz T (XC - Xg)2

then the angular frequency at which this occurs
Is called the resonant frequency and produces

the effect of resonance .



Series RLC Circuit
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Firstly, let us define what we already know about series RLC circuits.

* Inductive reactance: X = 2nflL = wlL

11
2nfC oC

When X = X_ the circuit is Inductive

L

Capacitive reactance: X_ =

L ]

When X _ = X the circuit is Capacitive

Total circuit reactance= X =X -X_ or X_- X

Total circuit impedance = 7 = JR}: w3 =0+ jX

T



Reactance
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Capacitive Reactance against Frequency

Reacance

Inductive Reactance against Frequency




Series Resonance Frequency
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ﬁ Series RLC resonance frequency
SR 7

Series RLC Circuit at Resonance

Either side of resonance Al resonance the voltage
the voltage drop = VL - V¢ drop equals zero
R L C R

AN AN

short circuit
Vr
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where: f isinHertz Lisin Henries and Cis in Farads.

Vi - Ve

I
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Electrical resonance occurs in an AC circuit when the effects of the two reactances, which
are opposite and equal, cancel each other out as X| = X¢. The point on the above graph at

which this happens is were the two reactance curves cross each other.

In a series resonant circuit, the resonant frequency, f, point can be calculated as follows.

| 1
X =X. = 2nfL=
L C f 21'EfC
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. ;__L Series RLC resonance frequency
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. ﬁ Series RLC resonance freguency
SR 7
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| ﬁ Series RLC resonance frequency
R 7

Bandwidth of a Series RLC Resonance Circuit
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Then the relationship between resonance, bandwidth, selectivity and quality factor for a
series resonance circuit being defined as:
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ﬁ Series RLC resonance frequency
SR 7

X = X, =5 wL- ch. = 10
W] = o Oy = %
2). Current, (I)
at w, ZT =min, I5 = max
| =3 . Vin _ W
. = JR +(X - %) JR:’+[UJ|_- ,
wr

3). Bandwidth, (BW)

It . R R
a’ Rl t(rads) or H(Hz)

4). Quality Factor, (Q)
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The magnetic flux density

the number of lines of force ol
passing through a unit area of Bgq tanf =
material, B. The unit of magnetic 2m D
induction is the tesla (T). o ’
Q With the current D = B cot 6
Q With the distance T 5g2 ”
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B . ACCircuit
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Element Impedance

Circuit Element Resistance, (R) Reactance, (X) Impedance, (£) V.
Resistor R 0 : ; (G} ® ®
=R.Z0
Zl = j'_'!_'JL 900
Inductor 0 wlL . - > %0° >
=wlLs +90 I Ve I I
1 Resistance Inductance Capacitance
Z_ = - ( “in-phase”) ("ELI") ("ICE")
. 1 T jeC
Capacitor 0 E 1 _ '
o : 90LI V;
wC
Current-Voltage
Circuit Element Symbol Relationship in Time Impedance
1=
Resistor & v VV v o V=IR R
-
1
Capacitor _l '_ I=¢C ¥ —
+ vV - dt jwC
2> dl
A :
Inductor Pl V= LE joL
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Introduction

1 Marks

» Definition one of the main device in the Exp. or the principle .

for example Exp.1 (inductance )

» Write Apparatus of the Exp. (exist on the sheet )

> Plot the Circuit of EXP.,

for example Exp. (1)

E
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