hapter 6

RESISTIVE, CAPACITIVE, INDUCTIVE
(RCL) CIRCUITS

¥ Series Resonant RCL Circuit Operations
w Paraliel Resonant RCL Circuit Operations
W RCL Filter Operation

h;BJECTIVEg

Given various electronic devices, symbols, and diagrams, you will
be able to accompiish the following objectives:

Identify series and parallel circuit operations.

Calculate circuit values for series and parallel RCL circuit
operations,

identify resonant RCL circuit operations.

Calculate resonant frequency. quality and bandwidth of
LC circuits.

Identify basic filter circuit operations.
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Resonant RCL Circuit Operation
Resonance
w Resonant circuits have a wide variety of uses. They are the basis of

all transmitter, antenna, and receiver operations. When X; equals X¢
in a circuit, a condition known as resonance occurs.

Figure 6-1

Definition
¥ Resonance is created through the proper balance of an inductance
and a capacitance. When X¢ = X¢ in an AC circuit, the circuit is said

to be at resonance. The frequency which causes Xc = XL is called
resonant frequency.

Symbol

The symbol for resonant frequency is fr.
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Resonant Frequency Formula

fr = _A_l.si fr = —---——-——1
VLC or 6.28 VLC
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Series Resonance RCL Circuit Operation

R=50
WA
E=10vV
J—
XC-ZDQ
Figure 6-2

Impedance at Resonance

¥ Inductive Reactive is equal to Capacitive Reactance.

¥ Total Impedance is equal to Resistance

Relationship between Current and Voltage

¥ The Voltage across the capacitor is equal to the voltage across the

inductor

¥ Total Voltage is equal to the voltage across the Resistor
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¥ One path for current flow

I -

N IS

Impedance Below Resonance

50

#—
Xc=30Q

Figure 6-3

¥ Capacitive Reactance is greater than Inductive Reactance. The

circuit acts capacitively.

¥ Impedance Formula

Z =V R2 + (Xc-X1)2
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Relationship between Current and Voltage

v The Voltage across the Capacitor is larger than the Voltage across the
Inductor.

w Voltage Formula

Vr =V Vg2 + (Ve-V1)2

w There is one path for current to flow. Current is found by using
Ohms Law:

Iz Ny
zZ
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Impedance Above Resonance

Figure 6-4

w Inductive Reactance is larger than Capacitive Reactance. The circuit
acts inductively.

¥ Impedance Formula

Z =V R2 + (X1-Xc)?

Relationship between Current and Voltage

¥ The Voltage across the Inductor is larger than the Voltage across the
Capacitor

w Voltage Formula

V1=V Vgra + (VL-Vc)?
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Bandwidth
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Figure 6-5

Definition

¥ Bandwidth is the range of frequencies to which the circuit provides

70.7% or more of its maximum response.

Formula

BW = flnign) — fliow)

Unit of Measure

¥ Bandwidth is measured in Hertz.
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Half-Power Points

v The Half-Power Points represent 70.7% of current in a series
resonance circuit.

Quaitty

Definition

w Quality is a term used to rate resonant circuits. Quality is the ratio
of the reactance of the inductor or capacitor to the equivalent series
resistance of both components.

+ For series circuits, quality determines the minimum Z of the series
resonant circuit. The quality also determines the bandwidth of the
resonant circuit. The higher the quality of a circuit, the narrower the
bandwidth will be.

w Quality Formula for Series Resonance

Q= VL or Q- £
Vr BW
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Activity 1

Series Resonance RCL Circuit Operation

Use Figure 6-6 Solve for the circuit values below.

@ 25H

uf
L
Figure 6-6
fr=__ Xc = Xy = zZ=
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Activity 2

Calculate the values for the circuit shown below.

30Q

4
100 V. me %

1.5uf
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Figure 6-7

1. fr= 6. Er=
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Parallel Resonant RCL Circuit Operation

Relationship between Current and Voltage

Figure 6-8

¥ Capacitor Current equals Inductor Current.

¥ Total Current is equal to the Resistor Current.

¥ Voltage is the same across each branch.

Vr=Vr=Vc=V
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w Impedance

Z- V1
I
Tank Circuit Operations

M
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A

Figure 6-9

w Parallel resonant circuits are often referred to as “tank” circuits. In

order to examine the action of an LC tank circuit, we will assume a
charge from the source voltage has been placed on the capacitor.
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Figure 6-10
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w If we remove the source voltage from the capacitor, it will begin to
discharge through the inductor in the opposite polarity and direction
of the initial charge.

w The inductor will react to the change in current and store the current
within its magnetic field. As the voltage and current continue to
decrease the inductor and the capacitor will continue to react until all
the energy has been dissipated as heat.

w This heat loss, due to the resistance of the circuit, causes each cycle
to be smaller in amplitude than the previous cycle. The result is a
dampened waveform as shown in Figure 6-11.

¥ Dampened Wave

V\K\AJ\
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Figure 6-11
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v Bandwidth

BW = finigh) ~ fijlow)

v Half-Power Points

70.7% of Z for a parallel circuit.

¥ Quality
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Activity 3

Parallel Resonant RCL Circuit Operation

Use Figure 6-12 to answer the questions below.
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FREQUENCY (Hz)
Figure 6-12
fr = BW =
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Activity 4

Use Figure 6-13 to solve for the circuit values below.

3, Xc=

Basic Electricity Handbook
(Version 2 - 2/26/02)

001pf
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Figure 6-13

6. Ir=

7. Ir=
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RCL Filter Operation

GENERATOR

(SIGNAL 1 FILTER Bl LOAD
GENERATOR)

Figure 6-14

w Filters are designed to selectively pass certain frequencies from the
generator to the load and to block other frequencies. The frequencies
are selected based on the value of the inductor, capacitor, or both that
are in the circuit.

¥ Two very important associated are cutoff frequency and attenuation.
Cutoff frequency is defined as the frequency at which attenuation
starts to increase rapidly. Attenuation causes a decrease in signal
voltage.

Basic Filters Types

¥ The four basic types of filers are the Low Pass, High Pass, Band
Pass, and Band Reject

Low Pass Filters
Figure 6-15
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Low Pass Filter Operation

w The purpose of low pass filters is to pass frequencies below the cutoff
frequency and attenuates or blocks all frequencies above the cutoff
frequency.

v Refer to Figure 6-15. In a series RL low pass filter, the resistor
develops the output. As the frequency increases, Xi increases and the
output of the resistor decreases. Only the lower frequencies produce
a usable voltage at the output. Higher frequencies are blocked by the
high inductive reactance of the inductor. Remember, an inductor acts
like an open at high frequencies.

¥ In a series RC low pass filter, the capacitor develops the output. All
lower frequencies are passed, while the higher frequencies are
shunted to ground. Recall the capacitive reactance formula. As the
frequency is increased, Xc decreases (like a short) and grounds the
higher frequencies.

¥ Figure 6-16 is an example of the output voltage of a low pass filter.
As the frequency is increased, the signal is rapidly attenuated.

MDP-r-Q<

Low Pass Output Voltage

Figure 6-16
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High Pass Filter Operation

Figure 6-17

w High pass filter pass to the load all frequencies higher than the cutoff
frequency, while lower frequencies are prevented from developing
appreciable voltage across the load.

¥ Refer to Figure 6-17. The inductor, in a series RL high pass filter,
develops the output. As frequency increases, Xy is increased. The
lower frequencies are grounded by the low reactance of the inductor
at low frequencies. Only the higher frequencies produce a usable
output.

¥ The resistor develops the output of a series RC high pass filter. The
high reactance of the capacitor at low frequencies blocks the signal
from reaching the output. Only the higher frequencies produce a
usable output voltage.
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Figure 6-18 is an example of a high pass filter output.
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Figure 6-18
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Activity 5

Low Pass and High Pass Filter Operation

Complete the following filter schematic symbols as indi~ctad.

—
L

1. RC Low Pass

2. RL High Pass I

3. RC High Pass >— —r%
i

4. RL Low Pass
p— =
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Series Band Pass Operation

e H
o A

Series Band Pass Filter
Figure 6-19

¥ Series band pass filters pass frequencies in a narrow band of the
frequency spectrum, and reject, attenuates or block frequencies below
or above the cutoff frequencies.

¥ Refer to Figure 6-19. The output developed by the resistor.

¥ At Resonance XC=XL.

¥ Line Current is Maximum at Resonance.
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v Output voltage is maximum at resonance.

v Passes a resonant band of frequencies at a usable voltage level.

v Frequencies above and below resonance will not produce a usable
voltage.
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Series Resonant Band Reject

5

IIHMT

Figure 6-20

w Series band reject filters attenuate or block a narrow band of
frequencies. Frequencies below lower cutoff or above the upper cutoff
frequencies are passed.

¥ Output developed by the Inductor and Capacitor.

¥ At Resonance, Xc=XL.

¥ Line current maximum at resonance.
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w Output voltage minimum at resonance.

w Rejects resonant band of frequencies.

w Frequencies above and below resonance will produce a usable voltage.
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Parallel Resonant Band Pass

P

Vv

Parallel Band Pass
Figure 6-21

¥ Passes frequencies in a narrow band of the frequency spectrum, and
rejects, attenuates or blocks frequencies below or above the cutoff

frequencies.

¥ Refer to Figure 6-21. The output is developed across the tank.

¥ At Resonance Xc=XL.
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w Line current is minimum at Resonance.

¥ Resistor develops minimum voltage at resonance.

w Tank develops maximum voltage at resonance.

¥ Frequencies above and below resonance will not produce a usable
voltage.
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Parallel Resonant Band Reject

1

Parallel Band Reject Filter
Figure 6-22

w Parallel band reject filters attenuate or block a narrow band of
frequencies. Frequencies below lower cutoff or above the upper cutoff
frequencies are passed.

¥ Output developed across the Resistor.

¥ At Resonance Xc=XL.
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w Line current is Minimum at Resonance.

w Resistor develops minimum voltage at Resonance.

w Tank develops Maximum Voltage at Resonance.

¥ Frequencies above and below resonance will produce a usable voltage.
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Activity 6

Series Band Pass Filter Operation

List four characteristics of the circuit below,

)1

Figure 6-23
1.
2.
3.
4.
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Activity 7

Complete the following schematic symbols to make the type of filter

indicated.

1. Series Band Pass

2. Parallel Band Reject

3. Series Band Reject

4. Parallel Band Pass
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The purpose of this chapter is to provide a general understanding of the ;
subject areas addressed. For more information on the topics covered in
this unit, refer to the reference books and other study materials listed in
the Study Guide for the Basic Electricity Test.
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SUMMARY

1. When X, = Xc in an AC circuit, the circuit is at resonance. The
frequency which causes Xc = X is called resonant frequency.

2. Bandundth is the range of frequencies to which the circuit provides
70.7% or more of its maxamum response. Bandwidth is measured in
hertz.

3. Quality is the ratio of the reactance of the inductor or capacitor to the
equivalent resistance of both components.

4. Filters are desigred to selectively pass certain frequencies from the
generator to the load while blocking other frequencies.

5. Low pass filters pass frequencies below the cutoff frequency and
blocks all frequencies above the cutoff frequency.

6. High pass filters pass to the load all frequencies higher than the
cutoff frequency while lower frequencies are blocked.

7. A band pass filter passes frequencies in a narrow band of the
frequency spectrum and rejects frequencies below or above the
cutoff frequencies.

8. A band reject filter blocks a narrow band of frequencies while
frequencies below or above the cutoff frequencies are passed
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iICl_ngter Self Test

Answer the following questions.

1. In a series RC circuit, resistor and capacitor voltages are

in-phase.

45° out-of-phase.
90° out-of-phase.
180° out-of-phase.

oo op

2. In a series RC circuit, resistor current and capacitor current are

in-phase.

45° out-of-phase.
90° out-of-phase.
180° out-of-phase.

DB

3. In a parallel RL circuit, the resistor and inductor voltages are

in-phase.

45° out-of-phase.
90° out-of-phase.
180° out-of-phase.

O TP

4. In a parallel RL circuit, resistor current and inductor current are

in-phase.

45° out-of-phase.
90° out-of-phase.
180° out-of-phase.

po o

5. Draw a schematic diagram of an RL and RC high pass filter in the

space provided below.
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6. Draw a schematic diagram of a series resonant band reject in the
space provided below.

7. In a series resonant circuit line impedance is maximum when

Xc 1s greater than XL.
XL is greater than Xc.
Both A and B.

None of the above.

H g B

8. In a series resonant band reject field, minimum voltage is developed
by the output at frequencies

above the resonant band
below the resonant band
in the resonant band
Both A and B

oo o

9. What type of filter is shown?

N,
P AN~

g

L

Figure 6-24

series resonant band pass filter
series resonant band reject filter
parallel resonant band pass filter
parallel resonant band reject filter

aoop
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10.What type of filter is shown?

o

r—
;
L

Figure 6-25

series resonant band pass filter
series resonant band reject filter
parallel resonant band pass filter
parallel resonant band reject filter

a0 o
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Chapter 6-Activitics-RINSN

Activity 1

fr=318.47, Xc = 500Q, XL= 494Q, Z = 40Q

Activity 2
1. B.5kHz
2. 16.33Q
3. 16.33G
4. 30Q
5. 3.33A
6. 99.9 or 100V
7. 54.38V
8. 54.38V
9. 54
10. 12.03 kHz

Activity 3
f, = 360 HZ, BW = 80 Hz

Activity 4

1. 65kHz
2. 2.45kQ

3. 2.45kQ

4. 1.22mA

5. 1.22mA
6. 20mA

7. 20mA

8. 1.5kQ

9. 1.63

10. 39.87 kHz

Activity 6

Line current is maximum

Passes resonant band of frequencies

At resonance, Xc=XL

Frequencies above and below resonance will be blocked

b Y .
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Chapter 6-Self Testm
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