Resistive (R), Capacitive (C) and
Inductive (L) circuits

Series AC Circuits

Impedance: may be illustrated by a right triangle.

Impedance

Xy z

Reactance

Resistance

Z2=R%+X?
The square root of both sides of the equation gives:

Z=+/R*+X;?

Resistance and reactance cannot be added directly, but they can be considered as two forces
acting at right angles to each other
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Figure 14-3. A circuit containing resistance and inductance.

X =2nxfxL
Xy = 6.28 x 60 x 0.021 The voltage drop across the resistance (ER) is:
XL = 8 ohms inductive reactance ER=1xR
ER =11 x 6 = 66 volts
= /RZ + XLZ

The voltage drop across the inductance (Exp) is:

_ /100 EXL= I XXL

Exy, =11 x 8 = 88 volts
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Then the current flow,
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I = 11 amperes current



Ex:

—0Q

50Hz

X, = 2nfL = 2rnx50%x0.5 = 157Q
7= JRZ+X2

7 = 302 +1572
Z = 159.802

Vo, = LZ = 4x159.8 = 640v
V, = LR = 4x30 = 120v

V. = LX, = 4x157 = 628v

- X
tE]Il1¢ = TL = % = 79-20 Phase angel

V| = 628v
Vs = 640v

A

o= 79°
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g
Vr = 120v
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Figure 14-4. A circuit containing resistance and capacitance.

200

200 pf = 1000000 - 0.000 200 farads
1
Vo=t

1
Xe= 6.28 x 60 x 0.002 00 farads

1

Xe =5075 36

Xc = 13 ohms capacitive reactance

To find the impedance:
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2 + XCZ
102 + 132
100 + 169
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= 16.4 ohms capacitive reactance

To find the current:

E
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I-—64

I = 6.7 amperes




R =120 L =0.15H C = 100uF
A
- N
Vs = 100V, 50Hz
X = 2nfL = 2nx50x0.15 = 47.13Q
X = 1 1 _ 31.830

© 2nfC  27450x100x10 "
7 Z
7 = JR +(X X, )

Z = 127 +{47.13-31.83)

Z=J144+234 = 19.4Q

Parallel AC Circuits



Is

Vg = 240V
alHz + R L c

1kQ 142mH — 160yF

- Lo 1 - 1 - 16.580Q

X = ol = 2nfL = 2r.60.142x10° = 53.54Q
XC -B
wC  2nfC  27.60.160x10

XL Xxc
1= 220 _ 4asa c=22 _144s 1r= 22 _ 0244
© 5354 ~ 1658 ~ 1000
I=JIRR+UL—1C)? 1= (02072 + (448 — 14.4)2 = 9.94
Ve 240—24249
I 99 7
Z- L _ - : 1 2
0L ) ) e
J[RJ ' {XL Xc] [1000] (53.54 16.58]
£ 1 - 1200
J10x107 ¢ 1.734x10°7 00417
Is
>
I I, *IC
Vs = 50V
100Hz

+
@ R =500 L=20mH == C=>5uF




Inductive Reactance against Frequency Capacitive Reactance against Frequency

i Xaipy
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Reactance
Reactance

Frequency. 7 Frequency, f

Capacitive : Inductive
X{m Xe>Xe | Xe>Xe
|
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: i XL
Inductive and Capacitive
Reactances are equal here
} XL =Xe

Reactance in Ohms

|
|
X, -Xc -/ ‘

(1) Frequency, f
Series Resonance

Resonance occurs in a series circuit when the supply frequency causes the voltages =
across L and C to be equal and opposite in phase.

1

X =X, = 2njL= 577G
fz _ 1 _ 1

2nLx27C  44°LC
f = 21

47" LC
= #[Hz) or o = 1 (rads)

2n {LC 4 LC



Ex:

R=300Q L =20mH
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Resonant Frequency, f: V = 9volts

2nfLC  27/0.02424107°

Circuit Current at Resonance, In,

1= Y _ 9 _ 03A or 300mA

R 30

= 796Hz

/,

Inductive Reactance at Resonance, X,

X =2nflL = 2nx796x0.02 = 1000

Voltages across the inductor and the capacitor, V., Vc

VL - Vc
VL = I><)(L = 300mA <1000
VL = 30volts

| did not calculate the XC because its resonance frequency.

Power in AC Circuits

true power: is the product of the volts and the amperes in the circuit.

True Power Defined

1, The power dissipated in the resistance of a circuit, or the power actually used in the

circuit.

2, In an AC circuit, a voltmeter indicates the effective voltage and an ammeter indicates

the effective current.

Apparent Power Defined

1, It is the product of effective voltage times the effective current, expressed in volt-

amperes.



2, It must be multiplied by the power factor to obtain true power available.
Power in AC Circuits

the true power is less than the apparent power. When there is capacitance or
inductance in the circuit, the current and voltage are not exactly in phase,

power factor
power factor: is The ratio of the true power to the apparent power

and is usually expressed in percent.

100 = Watts { True Power)

Power Factor (PF) =
{ :} Volts x ﬁmpﬁrﬁs (Apparent Power)

B2
P = true power P=TR P= =

Measured in units of Watts

2
= reactive power =1’X =—
P X

Measured in units of Volt-Amps-Reactive (VAR)
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S = apparent power S =I°Z S S=1IE

Measured in units of Volt-Amps (VA)

Phase angel: formulas

R VR
cos™! K or cos‘1E

Z A

Z VS






