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WELCOME!

- Thank you for joining!

- Please send your email address to 

Larrie:

W2UL@weca.org

(If you are not already on the distribution list)
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Spring 2020 Class Schedule

- Every Tuesday 7-9:15 PM

- January 5th to March 9th

- 10 Sessions via Zoom!

- VE Session March 11th

- Monthly, 2nd Thursday

- Other Options

- Questions to Larrie:

- W2UL@WECA.ORG

2020-2024 Extra License Course

WECA Amateur Extra Licensing Class



Student Input

Your opportunity to give back-

Email to Larrie:

- What works best?

- What would help?

- Comments & ideas

(Anytime during the course)
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Course Plan

ARRL Extra Class License Manual 12th Edition
- Follow the 11 chapters

- Weekly math & formula segment

- ARRL Extra Q&A 5th Edition (Available on Kindle)

- Bring questions to class or email
- Larrie:  W2UL@WECA.ORG

- Guest instructors welcome

- Teach your area of expertise or special interest

- You don’t have to be an Extra

52020-2024 Extra License Course
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Resources

All WECA classes are recorded and posted on
WECA.app

-Technician class: 9 sessions & PP slides & HW

-General class: 9 sessions & PP slides

-This Extra class: 10 sessions & PP slides as 

classes occur

-Other cool ham stuff, e.g.:

-Basic HF station setup

-Simulated traffic net
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Course Objectives

• Learn the material

• Pass the test!

WECA Amateur Extra Licensing Class
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WECA Amateur Extra Licensing Class

➢ARRL License Manual Chapters

• 1  Introduction

• 2  Operating Practices

• 3  Rules and Regulations

• 4  Electrical Principles

• 5  Components and Building Blocks

• 6  Radio Circuits and Systems

82020-2024 Extra License Course



➢ARRL License Manual

• 7  Radio Measurements and Performance

• 8  Modulation, Protocols and Modes

• 9  Antennas and Feed Lines

• 10 Topics in Radio Propagation

• 11 Safety

WECA Amateur Extra Licensing Class
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WECA Amateur Extra Licensing Class

➢ARRL License Manual Chapters

• 6 Radio Circuits and Systems

• 6.1  Amplifiers

• 6.2  Signal Processing

• 6.3  Digital Signal Processing (DSP) and 
Software Defined Radio (SDR)

• 6.4  Filters and Impedance Matching

• 6.5  Power Supplies

102020-2024 Extra License Course
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➢ARRL License Manual

• 6  Radio Circuits and Systems
• 6.1  Amplifiers

• 6.2  Signal Processing

• 6.3  Digital Signal Processing (DSP) and Software 
Defined Radio (SDR)

• 6.4  Filters and Impedance Matching

• 6.5  Power Supplies

• 7  Radio Signals and Measurements

• 8  Modulation, Protocols and Modes

• 9  Antennas and Feed Lines

• 10 Radio Propagation

• 11 Safety

WECA Amateur Extra Licensing Class
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Calculator Magic



Calculator Magic

This calculator will 

handle the math:

Casio fx-115ES Plus

Be sure to practice with your calculator

before the test!
13



Amateur Radio Extra Class

Circuits & Resonance

FLxL 2=
FC

XC
2

1
=

E5A02…  Resonance occurs in a circuit when XL is equal to XC.

E5A02…  Resonance in an electrical circuit is the frequency at 

which the capacitive reactance equals the inductive 

reactance. 

FC
FL

π2

1
2 =

LC
f

π2

1
o =

Resonant frequency formula.

Same for series and parallel circuits
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Amateur Radio Extra Class

Amps & Power Supplies

• E7B21…  A FET is generally best suited for UHF or microwave power 

amplifier applications.

• E7B15… Using a resistor in series with the emitter is one way to prevent 

thermal runaway in a transistor amplifier. 

Small-signal amplifier with an NPN transistor as the active device and resistors and 

a capacitor as passive devices that set the “no-signal” (DC) operating point.

IBIAS

IN

OUT

E7B12..This is a common 
emitter follower amplifier 
circuit.

E7B10.. R1 and R2 provide 
fixed bias to the base 
circuit.

E7B11.. R3 provides self bias 
to the transistor.

15



Amateur Radio Extra Class

Amps & Power Supplies

E7B13.. The purpose of R is emitter load.

Small-signal amplifier with an NPN transistor as the active device and resistors and 

a capacitor as passive devices that set the “no-signal” (DC) operating point.

IBIAS

C2

C1

R

16



Amateur Radio Extra Class

Amps & Power Supplies

• E7B04… The bias point of a Class A common emitter amplifier would 

normally be set approximately half-way between saturation and cutoff. 

• E7B01… A Class AB amplifier operates over more than 180 degrees but 

less than 360 degree portion of a signal cycle. (see p. 6-11)

Various Classes of 

Transistorized Amplifiers.
17



Amateur Radio Extra Class

Amps & Power Supplies

• E7B06… A push-pull type amplifier reduces or eliminates even-order

harmonics. 

• E7B18… A grounded-grid amplifier has low input impedance.

• E7B08… An RF power amplifier can be neutralized by feeding a 180 

degree out-of-phase portion of the output back to the input.

18



Amateur Radio Extra Class

Amps & Power Supplies

Intermodulation Products:

1st Order f1 f2 100 kHz 101 kHz

2nd Order f1 + f2 f2 – f1 201 kHz 1 kHz

3rd Order 2f1 – f2 2f2 – f1            99 kHz 102 kHz

2f1 + f2 2f2 + f1          301 kHz 302 kHz

4th Order 2f2 + 2f1   2f2 – 2f1        402 kHz 2 kHz

5th Order 3f1 – 2f2   3f2 – 2f1          98 kHz 103 kHz

3f1 + 2f2   3f2 + 2f1        502 kHz 503 kHz

Etc.

Odd Order Products:

3rd Order 2f1 – f2 2f2 – f1 99 kHz 102 kHz

5th Order 3f1 – 2f2 3f2 – 2f1 98 kHz      103 kHz

7th Order 4f1 – 3f2 4f2 – 3f1 97 kHz 104 kHz

9th Order 5f1 – 4f2 5f2 – 4f1 96 kHz 195 kHz

E7B17
..
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Amateur Radio Extra Class

Amps & Power Supplies

• E7B17…  Third-order intermodulation distortion products are of 

particular concern in linear power amplifiers because they are 
relatively close in frequency to the desired signal.

• E7B05… To prevent unwanted oscillations in an RF power amplifier you 

will need to install parasitic suppressors and/or neutralize the stage.

• E7B02… A Class D amplifier uses switching technology to achieve high 

efficiency.

Improved 
diagram on 
next slide.

20



Amateur Radio Extra Class

Amps & Power Supplies

E7B17
..

21



Amateur Radio Extra Class

Amps & Power Supplies

• E7B03…  The output of a Class D amplifier requires a low-pass filter to 

remove switching signal components.

• E7B07…  When a Class C rather than a class AB amplifier is used to 

amplify a single-sideband phone signal the signal may become 

distorted and occupy excessive bandwidth.

Class-C power amplifier-modulator being modulated with baseband signal.
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Amateur Radio Extra Class

Amps & Power Supplies

• E6D09… Ferrite beads are commonly used as VHF and UHF parasitic 

suppressors at the input and output terminals of transistorized HF 

amplifiers. 

• E7B16… The effect of intermodulation products in a linear power amplifier 
is the transmission of spurious signals.

23



Amateur Radio Extra Class

Amps & Power Supplies

Class A, B, AB 
and C Amplifiers:

24



Amateur Radio Extra Class

Amps & Power Supplies

• E7D01…  One characteristic of a linear electronic voltage regulator is 

the conduction of a control element is varied to maintain a constant 

output voltage.

• E7D03… A Zener diode is typically used as a stable reference voltage 

in a linear voltage regulator.

Schematic symbol of a Zener diode. Since a diode only passes energy 

in one direction, look for that one-way arrow, plus a “Z” indicating it is a 

Zener diode.  Notice how the vertical line looks like a tiny “Z”. 25



Amateur Radio Extra Class

Amps & Power Supplies

• E7D02… One characteristic of a switching electronic voltage regulator 

is the control device’s duty cycle is controlled to produce a constant 

average output voltage. 

• E7D04… A series regulator type of linear regulator makes the most 

efficient use of the primary power source. 

• E7D05… A shunt regulator type of linear voltage regulator places a 

constant load on the unregulated voltage source. 

26



Amateur Radio Extra Class

Amps & Power Supplies

• E7D02… One characteristic of a switching electronic voltage regulator 

is the control device’s duty cycle is controlled to produce a constant 

average output voltage. 

27



Amateur Radio Extra Class

Amps & Power Supplies

• E7D06… The purpose of Q1 in the circuit shown in Figure E7-3 is to 

increase the current-handling capability of the regulator and to 

control the current to the load

• E7D07… The purpose of C2 in the circuit shown in Figure E7-3 is to 

bypass hum around D1.

• E7D08… The circuit shown in Figure E7-3 is a linear voltage regulator.

Figure E7-3

28



Amateur Radio Extra Class

Amps & Power Supplies

• E7D11… A pass transistor is controlled by a series analog voltage 
regulator to maintain a constant output voltage.

• E7D12… Drop-out voltage of an analog voltage regulator is the 
minimum input-to-output voltage required to maintain regulation.

• E7D13… Power dissipation in a series connected linear voltage 

regulator is the voltage difference between input and output 

multiplied by output current.

(Just like a resistor: Voltage difference x Current)

Figure E7-3

29



Amateur Radio Extra Class

Amps & Power Supplies

• E7D09… Prevention of battery damage due to overcharge is the main 

reason to use a charge controller with a solar powered system.

• E7D10…A high-frequency switching type high voltage power supply 

can be less expensive and lighter because it uses much smaller 
transformers and filter components for an equivalent power output.

30



Amateur Radio Extra Class

Amps & Power Supplies

• E7D14…  One purpose of a "bleeder" resistor in a conventional 
(unregulated) power supply is to improve output voltage regulation.

• E7D15…  The purpose of a "step-start" circuit in a high-voltage power 

supply is to allow the filter capacitors to charge gradually.

This consists of inserting a resistor in the primary side of the transformer to limit the 

charge current on the capacitors at initial turn on.  The series resistor is switched 

out after a few seconds of operation.

• E7D16…  When several electrolytic filter capacitors are connected in 

series to increase the operating voltage of a power supply filter 

circuit, resistors should be connected across each capacitor to 

equalize, as much as possible, the voltage drop across each 

capacitor; to provide a safety bleeder to discharge the capacitors 

when the supply is off; and to provide a minimum load current to 

reduce voltage excursions at light loads. (Schematic next slide)

All of the above! 31



Amateur Radio Extra Class

Amps & Power Supplies

Bleeder 

Resistors
Filter 
Capacito
rs in 
series.

32



Amateur Radio Extra Class

Amps & Power Supplies

• E7B09… When tuning an RF amp that employs a Pi-network output 

circuit, “The tuning capacitor is adjusted for minimum plate current, 

and the loading capacitor is adjusted for maximum permissible plate 

current.”

33



Amateur Radio Extra Class

Oscillators

E7H01… The three oscillator circuits used in amateur radio equipment are 

Colpitts, Hartley and Pierce.

E7H04… Positive feedback in a Colpitts

oscillator is supplied through a

capacitive divider.

E7H03… Positive feedback in a Hartley

oscillator is supplied through a

tapped coil.

E7H05… Positive feedback in a Pierce

oscillator is supplied through a quartz crystal.
34



Amateur Radio Extra Class

Crystal Oscillators

E7H05… Positive feedback in a Pierce oscillator is supplied through a quartz 

crystal.

E7H08… NPO capacitors can be used to reduce thermal drift in crystal 

oscillators.  (Negative-Positive-Zero temperature coefficients)

E7H12… A specified parallel capacitance must be installed to insure a 

crystal oscillator will provide the frequency specified by the manufacturer.

35



Amateur Radio Extra Class

Crystal Oscillators 

• E6D02… The equivalent circuit of a quartz crystal is motional 

capacitance, motional inductance, and loss resistance all in series, all in 

parallel with a shunt capacitor representing electrode stray capacitance.

36



Amateur Radio Extra Class

Oscillators

• E7H06… Colpitts and Hartley oscillators are commonly used in VFOs.

• E7H02… A microphonic causes changes in oscillator frequency due to 

mechanical vibration.

• E7H07… An oscillator’s microphonic responses can be reduced by 

mechanically isolating the oscillator’s circuitry from its enclosure.

37



Amateur Radio Extra Class

Synthesizers

• E7H09… A direct digital synthesizer uses a phase accumulator, lookup 

table, digital to analog converter, and a low-pass anti-alias filter.

• E7H10… The amplitude values that  represent a sine-wave output are 

contained in the lookup table of a direct digital frequency 

synthesizer.

• E7H11… Spurious signals at discrete frequencies are the major spectral 

impurity components of direct digital synthesizers.

38



Amateur Radio Extra Class

Synthesizers

• E7H13… Highly accurate and stable oscillators needed for microwave 

transmission and reception can be provided by:

• A GPS reference signal

• A rubidium stabilized reference oscillator

• A temperature-controlled high Q dielectric resonator

All of the above!

• E7H14… A phase-locked loop is an electronic servo loop consisting of 

a phase detector, a low-pass filter, a voltage-controlled oscillator, and 

a stable reference oscillator.

• E7H15… A phase-locked loop can perform frequency synthesis, FM 

demodulation

39



Amateur Radio Extra Class

Receivers with Great Filters

• E7C15… A crystal lattice filter is a filter with narrow bandwidth and 

steep skirts made using quartz crystals.

• E7C09.. A Jones filter is a variable bandwidth crystal lattice filter, used 

in an HF receiver IF stage

40



Amateur Radio Extra Class

Receivers with Great Filters

• E6E03… One aspect of the piezoelectric effect is the physical 

deformation of a crystal by the application of a voltage. 

41



Amateur Radio Extra Class

Receivers with Great Filters

• E7C08.. The relative frequencies of the individual crystals has the 

greatest effect in determining the bandwidth and response shape of a 

crystal ladder filter.

42



Amateur Radio Extra Class

Receivers with Great Filters

• E7C08… The relative frequency of the individual crystals has the 

greatest effect in helping determine the bandwidth and response 

shape of a crystal ladder filter.
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Amateur Radio Extra Class

Receivers with Great Filters

Cascaded IF amplifiers. The active devices are JFETs. The value of 

most components depends upon the frequency of operation.

Effect of Crystal 

Filter on Passband

44



Amateur Radio Extra Class

Receivers with Great Filters

• E7C05… A Chebyshev filter type is described as having ripple in the 
passband and a sharp cutoff.

Outside 

passbandInside 

passband

Butterworth Chebyshev Elliptical

Sharp 

Cutoff
45



Amateur Radio Extra Class

Receivers with Great Filters

• E7C06… The distinguishing features of an elliptical filter are extremely 
sharp cutoff, with one or more infinitely deep notches in the stop band.

• E4C03… Capture effect is the term for the blocking of one FM phone 
signal by another, stronger FM phone signal.

• E4Cxx… As a result of the capture effect in an FM receiver the strongest 
signal received is the only signal demodulated.

46



Amateur Radio Extra Class

Receivers with Great Filters

• E7C07…  An audio notch filter would be used to attenuate an interfering 

carrier signal while receiving an SSB transmission. 

Deep 
notch

47



Amateur Radio Extra Class

Receivers with Great Filters

• E7Exx… One result of the process of mixing two signals is the creation 

of new signals at the sum and difference frequencies.

Block Diagram Showing Mixer Function
48



Amateur Radio Extra Class

Receivers with Great Filters

• E7E08…  The principal frequencies that appear at the output of a mixer 

circuit are the original frequencies, and the sum and difference 

frequencies. 

The originals are also present at the output

5 MHz RF Signal 9 MHz Local Oscillator Signal

Mixer Output 

(Intermediate 

Frequencies)

49



Amateur Radio Extra Class

Receivers with Great Filters

• E7E09… Spurious mixer products are generated when an excessive 

amount of signal energy reaches a mixer circuit.

• E7E12… A frequency discriminator is a circuit for detecting FM signals.

Remember: Discriminators are used in FM

Detectors are used in AM and  SSB
50



51

E7G12… An integrated circuit operational amplifier is a high-gain, direct-

coupled differential amplifier with very high input impedance and very 

low output impedance.

E7G08.. The Ideal/perfect operational amplifier has Infinite gain, infinite 

frequency response , infinite input impedance and very low output 

impedance.

Amateur Radio Extra Class

Operational Amplifiers
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The gain of an op amp is a function of the input resistor and the feed back 

resistor.   Gain is calculated by:  dividing the input resistor Ri value into the 

feedback resistor Rf.

The output is inverted when the signal is feed into the – pin of the op amp 

(this is the normal configuration).

Gain = – Rf / Ri

Note:  The question pool typically uses R1 for Ri

Amateur Radio Extra Class

Operational Amplifiers
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Gain = – Rf / Ri

If the input resistor, Ri is 10,000 ohms and the feedback resistor, Rf is 

1,000,000 ohms the gain would be –100. (The absolute gain would be 100)

The terms “absolute voltage gain” or “magnitude of voltage gain” means 

ignore the minus sign when you answer.

Amateur Radio Extra Class

Operational Amplifiers
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E7G03.  The typical input impedance of an integrated circuit op-amp is 

HIGH.

E7G01.. The typical output impedance of an integrated circuit op-amp is 

VERY LOW.

E7G04.. Op-amp input offset voltage is the differential input voltage needed 

to bring the open loop output voltage to zero.

Amateur Radio Extra Class

Op Amps & Filters
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E7G02.. Ringing in a filter causes undesired oscillations added to the 

desired signal.

E7G05.. Restricting both gain and Q can prevent unwanted ringing and 

audio instability in a multi-section op-amp RC audio filter circuit.

E7G06.. The most appropriate use of an op-amp active filter is as an audio 

filter in a receiver.

Amateur Radio Extra Class

Op Amps & Filters
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E6C01 What is the function of hysteresis in a 

comparator?

A. To prevent input noise from causing 

unstable output signals

B. To allow the comparator to be used with 

AC input signals

C. To cause the output to change states 

continually

D. To increase the sensitivity

57



E6C02What happens when the level of a 

comparator’s input signal crosses the 

threshold?

A. The IC input can be damaged

B. The comparator changes its output state

C. The comparator enters latch-up

D. The feedback loop becomes unstable

58



E7B01For what portion of a signal cycle 
does a Class AB amplifier operate?

A. More than 180 degrees but less than 360 

degrees

B. Exactly 180 degrees

C. The entire cycle

D. Less than 180 degrees

59



E7B02What is a Class D amplifier?

A. A type of amplifier that uses switching 

technology to achieve high efficiency

B. A low power amplifier using a differential 

amplifier for improved linearity

C. An amplifier that uses drift-mode FETs for 

high efficiency

D. A frequency doubling amplifier

60



E7B03Which of the following components form 

the output of a Class D amplifier circuit?

A. A low-pass filter to remove switching 

signal components

B. A high-pass filter to compensate for low 

gain at low frequencies

C. A matched load resistor to prevent 

damage by switching transients

D. A temperature-compensated load resistor 

to improve linearity
61



E7B04 Where on the load line of a Class A common 

emitter amplifier would bias normally be set?

A. Approximately half-way between 

saturation and cutoff

B. Where the load line intersects the voltage 

axis

C. At a point where the bias resistor equals 

the load resistor

D. At a point where the load line intersects 

the zero bias current curve

62



E7B05What can be done to prevent unwanted 

oscillations in an RF power amplifier?

A. Tune the stage for maximum SWR

B. Tune both the input and output for 

maximum power

C. Install parasitic suppressors and/or 

neutralize the stage 

D. Use a phase inverter in the output filter

63



E7B06Which of the following amplifier types 

reduces or eliminates even-order harmonics?

A. Push-push 

B. Push-pull 

C. Class C

D. Class AB

64



E7B07 Which of the following is a likely result when a 

Class C amplifier is used to amplify a single-

sideband phone signal?

A. Reduced intermodulation products

B. Increased overall intelligibility

C. Signal inversion 

D. Signal distortion and excessive bandwidth

65



E7B08How can an RF power amplifier be 

neutralized?

A. By increasing the driving power

B. By reducing the driving power

C. By feeding a 180 degree out-of-phase 

portion of the output back to the input

D. By feeding back an in-phase component of 

the output back to the input

66



E7B09 Which of the followingbest describes how the loading 

and tuning capacitors are to be adjusted when tuning a 

vacuum tube amplifierthat employs a Pi-network output 

circuit?

A. The loading capacitor is set to maximum capacitance and 

the tuning capacitor is adjusted for minimum allowable 

plate current.

B. The tuning capacitor is set for maximum capacatence 

and the loading capacitor is adjusted for minimum plate 

permissible current

C. The loading capacitor is adjusted for minimum plate 

current while alternately adjusting the tuning capacitor 

for maximum allowable plate current

D. The tuning capacitor is adjusted for minimum plate 

current, and the loading capacitor is adjusted for 

maximum permissible plate current
67



IBIAS

E7B10What is the purpose of R1 and R2?

A. Load Resistors

B. Voltage divider  Bias

C. Self bias

D. Feedback

68



IBIAS

E7B11What is the purpose of R3?

A. Fixed bias

B. Emitter bypass

C. Output load resistor

D. Self bias

69



E7B12What type of circuit is this?

A. Common base

B. Common collector

C. Common emitter

D. Emitter follower

70



A. Emitter load

B. Fixed bias

C. Collector load

D. Voltage regulation

E7B13What is the purpose of R?

71



A. Switching amplifiers operate at higher voltages

B. The power transistor is at saturation or cutoff 

most of the time, resulting in low power 

dissipation

C. Linear amplifiers have high gain resulting in 

higher harmonic content

D. Switching amplifiers use push-pull circuits

E7B14Why are switching amplifiers more 

efficient than linear amplifiers?
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E7B15What is one way to prevent thermal 

runaway in a bipolar transistor amplifier?

A. Neutralization

B. Select transistors with high beta

C. Use a resistor in series with the emitter 

D. All of these choices are correct
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E7B16What is the effect of intermodulation 

products in a linear power amplifier?

A. Transmission of spurious signals 

B. Creation of parasitic oscillations 

C. Low efficiency

D. All of these choices are correct 

74



E7B17 Why are odd-order rather than even-order 

intermodulation distortion products of particular 

concern in linear power amplifiers?

A. Because they are relatively close in 

frequency to the desired signal

B. Because they are relatively far in 

frequency from the desired signal

C. Because they invert the sidebands causing 

distortion

D. Because they maintain the sidebands, thus 

causing multiple duplicate signals

75



E7B18Which of the following is a characteristic 

of a grounded-grid amplifier?

A. High power gain

B. High filament voltage

C. Low input impedance

D. Low bandwidth

76



E6D02What is the equivalent circuit of a quartz 

crystal?

A. Motional capacitance, motional inductance, and loss 

resistance in series , all in parallel with a shunt 

capacitor representing electrode and stray capacitance

B. Motional capacitance, motional inductance, loss 

resistance and a capacitor representing electrode and 

stray capacitance all in parallel

C. Motional capacitance, motional inductance, loss 

resistance, and a capacitor representing electrode and 

stray capacitance all in series

D. Motional inductance and loss resistance in series, 

paralleled with motional capacitance and a capacitor 

representing electrode and stray capacitance
77



E6D03Which of the following is an aspect of the 

piezoelectric effect?

A. Mechanical deformation of material by 

the application of a voltage

B. Mechanical deformation of material by 

the application of a magnetic field

C. Generation of electrical energy in the 

presence of light

D. Increased conductivity in the presence of 

light

78



E7G01 What is the typical output impedance of 

an integrated circuit op-amp?

A. Very low

B. Very high

C. 100 ohms

D. 1000 ohms
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E7G02 What is ringing in a filter?

A. An echo caused by a long time delay

B. A Reduction in high frequency response

C. Partial cancellation of the signal over a 

range of frequencies

D. Undesired oscillations added to the 

desired signal

80



E7G03 Which is the typical input impedance of an 

integrated circuit op-amp?

A. 100 ohms

B. 1000 ohms

C. Very low

D. Very high

81



E7G04 What is meant by the term op-amp input offset 

voltage?

A. The output voltage of the op-amp minus its 

input voltage

B. The difference between the output voltage of 

the op-amp and the input voltage required in 

the immediately following stage

C. The differential input voltage needed to bring 

the open loop out voltage to zero

D. The potential between the amplifier terminals 

of the op-amp in an open loop condition

82



E7G05 How can unwanted ringing and audio 

instability be prevented in an op-amp RC 
audio filter circuit?

A.Restrict both gain and Q

B. Restrict gain but increase Q

C.Restrict Q but increase gain

D.Increase both Gain and Q

83



A. The maximum frequency for a filter circuit 

using that type of amplifier

B. The frequency at which the open-loop gain is 1

C. The gain of the amplifier at a filter’s cutoff 

frequency

D. The frequency at which the operational 

amplifier’s offset voltage is zero

E7G06What the gain-bandwith of an 

operational amplifier?
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E7G07 What magnitude of voltage gain can be 

expected from the circuit in Figure E7-4 when R1 is 

10 ohms and RF is 470 ohms?

A. 0.21

B. 94

C. 47

D. 24

 Figure E7-4 

R1 

R F 
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E7G08 How does the gain of an ideal 

operational amplifier vary with frequency?

A. It increases linearly with increasing 

frequency

B. It decreases linearly with increasing 

frequency

C. It decreases logarithmically with 

increasing frequency

D. It does not vary with frequency

86



E7G09 What will be the output voltage of the circuit 

shown in Figure E7-4 if R1 is 1000 ohms, RF is 

10,000 ohms, and 0.23 volts is applied to the input?

A. 0.23 volts

B. 2.3 volts

C. -0.23 volts

D. -2.3 volts

 Figure E7-4 

R1 

R F 
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E7G10 What absolute voltage gain can be expected 

from the circuit in Figure E7-4 when R1 is 1800 

ohms and RF is 68 kilohms?

A. 1

B. 0.03

C. 38

D. 76

 Figure E7-4 

R1 

R F 
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E7G11 What absolute voltage gain can be expected 

from the circuit in Figure E7-4 when R1 is 3300 

ohms and RF is 47 kilohms?

A. 28

B. 14

C. 7

D. 0.07

 Figure E7-4 

R1 

R F 
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E7G12 What is an integrated circuit 

operational amplifier?

A. A high gain, direct-coupled differential 

amplifier with very high input and very low 

output impedance

B. A digital audio amplifier whose characteristics 

are determined by components external to the 

amplifier

C. An amplifier used to increase the average 

output of frequency modulated amateur signals 

to the legal limit

D. An RF amplifier used in the UHF and 

microwave regions 90
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E6D02What is the equivalent circuit of a quartz 

crystal?

A. Motional capacitance, motional inductance, and loss 

resistance in series , all in parallel with a shunt 

capacitor representing electrode and stray capacitance

B. Motional capacitance, motional inductance, loss 

resistance and a capacitor representing electrode and 

stray capacitance all in parallel

C. Motional capacitance, motional inductance, loss 

resistance, and a capacitor representing electrode and 

stray capacitance all in series

D. Motional inductance and loss resistance in series, 

paralleled with motional capacitance and a capacitor 

representing electrode and stray capacitance
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E6D03Which of the following is an aspect of the 

piezoelectric effect?

A. Mechanical deformation of material by 

the application of a voltage

B. Mechanical deformation of material by 

the application of a magnetic field

C. Generation of electrical energy in the 

presence of light

D. Increased conductivity in the presence of 

light
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E7E01Which of the following can be used 

to generate FM phone emissions? 

A. A balanced modulator on the audio 

amplifier

B. A reactance modulator on the 

oscillator

C. A reactance modulator on the final 

amplifier

D. A balanced modulator on the 

oscillator 94



E7E02What is the function of a reactance 

modulator?

A. To produce PM signals by using an electrically 

variable resistance

B. To produce AM signals by using an electrically 

variable inductance or capacitance

C. To produce AM signals by using an electrically 

variable resistance

D. To produce PM signals by using an electrically 

variable inductance or capacitance
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E7E03How does an analog phase modulator 

function?

A. By varying the tuning of a microphone 

preamplifier to produce PM signals

B. By varying the tuning of an amplifier 

tank circuit to produce AM signals

C. By varying the tuning of an amplifier 

tank circuit to produce PM signals

D. By varying the tuning of a microphone 

preamplifier to produce AM signals
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E7E04What is one way a single-sideband 

phone signal can be generated?

A. By using a balanced modulator 

followed by a filter

B. By using a reactance modulator 

followed by a mixer

C. By using a loop modulator followed 

by a mixer

D. By driving a product detector with a 

DSB signal
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E7E05 What circuit is added to an FM transmitter to 

boost the higher audio frequencies?

A. A de-emphasis network

B. A heterodyne suppressor

C. An audio prescaler

D. A pre-emphasis network
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E7E06Why is de-emphasis commonly used 

in FM communications receivers?

A. For compatibility with transmitters 

using phase modulation

B. To reduce impulse noise reception

C. For higher efficiency

D. To remove third-order distortion 

products
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E7E07 What is meant by the term 

baseband in radio communications?

A. The lowest frequency band that the 

transmitter or receiver covers

B. The frequency components in the 

modulating signal

C. The unmodulated bandwidth of the 

transmitted signal

D. The basic oscillator frequency in an FM 

transmitter that is multiplied to increase 

the deviation and carrier frequency
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E7E08What are the principal frequencies that 

appear at the output of a mixer circuit?

A. Two and four times the original frequency

B. The sum, difference and square root of the 

input frequencies

C. The two input frequencies along with their 

sum and difference frequencies

D. 1.414 and 0.707 times the input frequency
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E7E09What occurs when an excessive amount 

of signal energy reaches a mixer circuit?

A. Spurious mixer products are 

generated

B. Mixer blanking occurs

C. Automatic limiting occurs

D. A beat frequency is 

generated
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E7E10How does a diode detector 

function?

A. By rectification and filtering of RF 

signals

B. By breakdown of the Zener voltage

C. By mixing signals with noise in the 

transition region of the diode

D. By sensing the change of reactance 

in the diode with respect to 
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E7E11Which type of detector is used for 

demodulating SSB signals?

A. Discriminator

B. Phase detector

C. Product detector

D. Phase comparator
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E7E12What is a frequency discriminator stage in 

an FM receiver?

A. An FM generator circuit

B. A circuit for filtering two closely 

adjacent signals

C. An automatic band-switching 

circuit

D. A circuit for detecting FM signals
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E7H01What are three oscillator circuits used in 

Amateur Radio equipment?

A. Taft, Pierce and negative feedback

B. Pierce, Fenner and Beane 

C. Taft, Hartley and Pierce

D. Colpitts, Hartley and Pierce
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E7H02 Which describes a microphonic?

A. An IC used for amplifying microphone 

signals 

B. Distortion caused by RF pickup on the 

microphone cable

C. Changes in oscillator frequency due to 
mechanical vibration

D. Excess loading of the microphone by an 
oscillator
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E7H03 How is positive feedback supplied in a 

Hartley oscillator?

A. Through a tapped coil

B. Through a capacitive divider 

C. Through link coupling

D. Through a neutralizing capacitor
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E7H04 How is positive feedback supplied in a 

Colpitts oscillator?

A. Through a tapped coil

B. Through link coupling

C. Through a capacitive divider

D. Through a neutralizing capacitor
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E7H05 How is positive feedback supplied in a 

Pierce oscillator?

A. Through a tapped coil

B. Through link coupling

C. Through a neutralizing capacitor

D. Through a quartz crystal
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E7H06 Which of the following oscillator 

circuits are commonly used in VFOs?

A. Pierce and Zener

B. Colpitts and Hartley

C. Armstrong and deForest

D. Negative feedback and balanced feedback
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E7H07 How can an oscillator’s microphonic 

response be reduced?

A. Use of NPO capacitors

B. Eliminating noise on the oscillator’s power 
supply

C. Using the oscillator only for CW and digital 
signals

D. Mechanically isolating the oscillator circuitry 
from its enclosure
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E7H08Which of the following components can 

be used to reduce thermal drift in crystal 

oscillators?

A. NPO capacitors

B. Toroidal inductors

C. Wirewound resistors

D. Non-inductive resistors 
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E7H09 What type of frequency synthesizer circuit uses 

a phase accumulator, lookup table, digital to analog 

converter and a low-pass anti-alias filter?

A. A direct digital synthesizer

B. A hybrid synthesizer

C. A phase locked loop synthesizer

D. A diode-switching matrix synthesizer
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E7H10 What information is contained in the lookup 

table of a direct digital frequency synthesizer?

A. The phase relationship between a reference 

oscillator and the output waveform

B. The amplitude values that represent a sine-wave 

output

C. The phase relationship between a voltage-

controlled oscillator and the output waveform

D. The synthesizer frequency limits and frequency 

values stored in the radio memories
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E7H11 What are the major spectral impurity 

components of direct digital synthesizers?

A. Broadband noise

B. Digital conversion noise

C. Spurious signals at discrete frequencies

D. Nyquist limit noise
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E7H12 Which of the following must be done to insure 

that a crystal oscillator provides the frequency 

specified by the crystal manufacturer?

A. Provide the crystal with a specified 

parallel inductance

B. Provide the crystal with a specified 

parallel capacitance

C. Bias the crystal at a specified voltage

D. Bias the crystal at a specified current
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E7H13 Which of the following is a technique for 

providing highly accurate and stable oscillators 

needed for microwave transmission and reception?

A. Use a GPS signal reference

B. Use a rubidium stabilized reference 
oscillator

C. Use a temperature-controlled high Q 
dielectric resonator

D. All of these choices are correct
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E7H14What is a phase-locked loop circuit?

A. An electronic servo loop consisting of a ratio 
detector, reactance modulator, and voltage-
controlled oscillator

B. An electronic circuit also known as a 
monostable multivibrator

C. An electronic servo loop consisting of a phase 
detector, a low-pass filter, a voltage-controlled 
oscillator and a stable reference oscillator

D. An electronic circuit consisting of a precision 
push-pull amplifier with a differential input

119



E7H15 Which of these functions can be 

performed by a phase-locked loop?

A. Wide-band AF and RF power 
amplification

B. Comparison of two digital input 
signals, digital pulse counter

C. Photovoltaic conversion, optical 
coupling

D. Frequency synthesis, FM 
demodulation
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E7F01 What is meant by direct digital conversion as 

applied to software defined radios?

A. Software is converted from source code to object 

code during operation of the receiver

B. Incoming RF is converted to a control voltage for 

a voltage controlled oscillator

C. Incoming RF is digitized by an analog-to-digital 

converter without being mixed with a local 

oscillator signal

D. A switching mixer is used to generate I and Q 

signals directly from the RF input 
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E7F02 What kind of digital signal processing 

audio filter is used to remove unwanted 

noisefrom a received SSB Signal?

A. An adaptive filter

B. A crystal lattice filter

C. A Hilbert- transform filter

D. A phase-inverting filter
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E7F03 What type of digital signal processing filter is 
used to generate an SSB signal?

A. An adaptive filter

B. A notch filter

C.A Hilbert-transform filter

D.An elliptical filter
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E7F04 What is a common method of generating an SSB 

signal when using digital signal processing?

A. Mixing products are converted to 

voltages and subtracted by adder circuits

B. A frequency synthesizer removes the 

unwanted sidebands

C. Emulation of quartz crystal filter 

characteristics

D. Combine signals with a quadrature phase 

relationship
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E7F05 How frequently must an analog signal be sampled by 

an analog-to-digital converter so that the signal can be 

accurately reproduced?

A. At half the rate of the highest frequency 

component of the signal

B. At twice the rate of the highest frequency 

component of the signal

C. At the same rate as the highest frequency 

component of the signal

D. At four times the rate of the highest 

frequency component of the signal
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E7F06…What is the minimum number of bits required 

for an analog-to-digital converter to sample a signal 

with a range of 1 volt at a resolution of 1 millivolt?

A. 4 bits

B. 6 bits

C. 8 bits

D. 10 bits
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E7F07 What function can a Fast Fourier 

Transform perform?

A. Converting analog signals to digital form 

B. Converting digital signals to analog form 

C. Converting digital signals from the time 
domain to the frequency domain

D. Converting 8-bit data to 16 bit data
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E7F08 What is the function of decimation with regard 

to digital filters?

A. Converting data to binary code decimal 

form

B. Reducing the effective sample rate by 

removing samples

C. Attenuating the signal

D. Removing unnecessary significant digits
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E7F09 Why is an anti-aliasing digital filter 

required in a digital decimator?

A. It removes high-frequency signal components 

which would otherwise be reproduced as lower 

frequency components

B. It peaks the response of the decimator, 

improving bandwidth

C. It removes low frequency signal components to 

eliminate the need for DC restoration

D. It notches out the sampling frequency to avoid 

sampling errors
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E7F10 What aspect of receiver analog-to-digital 

conversion determines the maximum receive 

bandwidth of a Direct Digital Conversion SDR?

A. Sample rate

B. Sample width in bits

C. Sample clock phase noise

D. Processor latency
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E7F11 What sets the minimum detectable signal level 

for an SDR in the absence of atmospheric or 

thermal noise?

A. Sample clock phase noise

B. Reference voltage level and sample width 

in bits

C. Data storage transfer rate

D. Missing codes and jitter
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E7F12 Which of the following is an advantage of the 

Finite Impulse Response (FIR) filter vs an Infinite 

Impulse Response (IIR) digital filter?

A. FIR filters can delay all frequency 

components of the signal by the same 

amount

B. FIR filters are easy to implement for a given 

set of rolloff requirements

C. FIR filters can respond faster to impulses

D. All these choices are correct
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E7F14 Which of the following would allow a digital 

processing filter to create a sharper filter?

A. Higher data rate

B. More taps

C. Complex phasor representations

D. A Double-precision math routines
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E7F17x…What do the letters I and Q in I/Q 

Modulation represent?

A. Inactive and Quiescent

B. Instantaneous and Quasi-stable

C. Instantaneous and Quenched

D. In-phase and Quadrature
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E8A01 What is the name of the process that 

shows that a square wave is made up of a 

sine wave plus all of its odd harmonics?

A. Fourier analysis

B. Vector analysis

C. Numerical analysis

D. Differential analysis
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E8A02 Which of the following is a type of digital 

processing?

A. Successive approximation

B. Harmonic regeneration

C. Level shifting

D. Phase reversal
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E8A04 What is “dither” with respect to analog-to-

digital converters?

A. An abnormal condition where the converter cannot settle 

on a value to represent the signal

B. A small amount of noise added to the input signal to allow 

more precise representation of a signal over time

C. An error caused by irregular quantization step size

D. A method of decimation by randomly skipping samples
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E8A08 Why would a direct or flash conversion analog-to-

digital converter be useful for a software defined 

radio?

A. Very low power consumption reduces 

frequency drift

B. Immunity to out of sequence coding 

reduces spurious responses

C. Very high speed allows digitizing high 
frequencies

D. All of these choices are correct
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E8A09… How many different levels can an 

analog-to-digital converter with 8 bit 

resolution encode?

A. 8

B. 8 multiplied by the gain of the input 

amplifier

C. 256 divided by the gain of the input 

amplifier

D. 256
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E8A10 What is the purpose of a low pass filter used in 

conjunction with a digital-to-analog converter?

A. Lower the input bandwidth to increase 

the effective resolution

B. Improve accuracy by removing out of 

sequence codes from the input

C. Remove harmonics from the output 
caused by the discrete analog levels 
generated

D. All of these choices are correct
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E8A11 Which of the following is a measure of the 

quality of an analog-to-digital converter?

A. Total harmonic distortion

B. Peak envelope power

C. Reciprocal mixing

D. Power factor
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E8A12.. What is an advantage of using digital signals 

instead of analog signals to convey the same 

information?

A. Less complex circuitry is required for 

digital signal generation and detection

B. Digital signals always occupy a narrower 

bandwidth

C. Digital signals can be regenerated 
multiple times without error

D. All of these choices are correct
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E7C01 How are the capacitors and inductors of a low-
pass filter Pi-network arranged between the 
network's input and output?

A. Two inductors are in series between the input and output, and 

a capacitor is connected between the two inductors and 

ground

B. Two capacitors are in series between the input and output, 

and an inductor is connected between the two capacitors and 

ground

C. An inductor is connected between the input and ground, 

another inductor is connected between the output and 

ground, and a capacitor is connected between the input and 

output

D. A capacitor is connected between the input and ground, 

another capacitor is connected between the output and 

ground, and an inductor is connected between input and 

output 143



E7C02 Which of the following is a property of a T-
network with series capacitors and a parallel shunt 
inductor?

A.It is a low-pass filter

B.It is a band-pass filter

C.It is a high-pass filter

D.It is a notch filter
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E7C03 What advantage does a Pi-L-network have over a 

regular Pi-network for impedance matching between the 

final amplifier of a vacuum-tube type transmitter and an 

antenna?

A. Greater harmonic suppression

B. Higher efficiency

C. Lower losses

D. Greater transformation range
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E7C04 How does an impedance-matching circuit 

transform a complex impedance to a resistive 

impedance?

A. It introduces negative resistance to cancel 

the resistive part of impedance

B. It introduces transconductance to cancel 

the reactive part of impedance

C. It cancels the reactive part of the 

impedance and changes the resistive part 

to a desired value

D. Network resistances are substituted for 

load resistances and reactances are 

matched to the resistances 146



E7C05Which filter type is described as having 

ripple in the passband and a sharp cutoff?

A. A Butterworth filter

B. An active LC filter

C. A passive op-amp filter

D. A Chebyshev filter
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E7C06What are the distinguishing features 

of an elliptical filter?

A. Gradual passband rolloff with minimal stop-band 

ripple

B. Extremely flat response over its passband, with 

gradually rounded stop-band corners

C. Extremely sharp cutoff, with one or more 

notches in the stop band

D. Gradual passband rolloff with extreme stop-

band ripple
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E7C07 Which describes a Pi-L-network using for 

matching a vacuum tube final amplifier to a 50-

ohm unbalanced input?

A. A phase inverter load network

B. A Pi-network with an additional series 

inductor on the output

C. A network with only three discrete 

parts

D. A matching network in which all 

components are isolated from ground
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E7C08 Which of the following factors has the greatest 
effect in helping determine the bandwidth and 

response shape of a crystal ladder filter?

A. The relative frequencies of the individual 

crystals

B. The DC voltage applied to the quartz 

crystal

C. The gain of the RF stage preceding the 

filter

D. The amplitude of the signals passing 

through the filter
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E7C09What is a crystal lattice filter?

A. A power supply filter made with 

interlaced quartz crystals

B. An audio filter made with four quartz 

crystals that resonate at 1 kHz intervals

C. A filter using lattice-shaped crystals for 

high-Q performance

D. A filter with a narrow passband and steep 

skirts made using quartz crystals
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E7C10 Which of the following filters would be the 
best choice for use in a 2-meter repeater 
duplexer?

A. A crystal filter

B. A cavity filter

C.A DSP filter

D.An L-C filter
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E7C11 Which of the following describes a receiving 

filter’s ability to reject signals occupying an 

adjacent channel?

A. Passband ripple

B. Phase response

C. Shape factor

D. Noise factor
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E7C12 What is one advantage of a Pi network over an 
L-matching network consisting of a single inductor 

and a single capacitor?

A. The Q of a Pi-matching network can be 

controlled

B. L-networks cannot perform impedance 

transformation

C. Pi-networks are more stable

D. Pi-networks provide balanced input and 

output
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E7D01How does a linear voltage regulator 

work?

A. It has a ramp voltage as its output

B. It eliminates the need for a pass transistor

C. The control element duty cycle is 

proportional to the line or load conditions

D. The conduction of a control element is 

varied to maintain a constant output 

voltage
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E7D02 What is a characteristic of a 
switching electronic voltage regulator?

A. The resistance of a control element is varied in 

direct proportion to the line voltage or load 

current

B. It is generally less efficient than a linear 

regulator

C. The control device’s duty cycle is controlled to 

produce a constant average output voltage

D. It gives a ramp voltage at its output
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E7D03What device is typically used as a stable 

reference voltage in a linear voltage regulator?

A. A Zener diode

B. A tunnel diode

C. An SCR

D. A varactor diode
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E7D04Which of the following types of linear voltage 

regulator usually make the most efficient use of the 

primary power source?

A. A series current source

B. A series regulator

C. A shunt regulator

D. A shunt current source
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E7D05Which of the following types of linear voltage 

regulator places a constant load on the 

unregulated voltage source?

A. A constant current source

B. A series regulator

C. A shunt current source

D. A shunt regulator
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E7D06What is the purpose of Q1 in the 

circuit shown in Figure E7-3?

A. It provides negative feedback to improve regulation

B. It provides a constant load for the voltage source

C. It controls the current supplied to the load

D. It provides D1 with current
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E7D07What is the purpose of C2 in the 

circuit shown in Figure E7-3?

A. It bypasses rectifier output ripple around D1

B. It is a brute force filter for the output

C. To self-resonate at the hum frequency

D. To provide fixed DC bias for Q1
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E7D08What type of circuit is shown in 

Figure E7-3?

A. Switching voltage regulator

B. Grounded emitter amplifier

C. Linear voltage regulator

D. Emitter follower
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E7D09What is the main reason to use a charge 

controller with a solar power system?

A. Prevention of battery undercharge

B. Control of electrolyte levels during 

battery discharge

C. Prevention of battery damage due to 

overcharge

D. Matching of day and night charge rates
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E7D10 What is the primary reason that a high-frequency 

switching type high voltage power supply can be both less 

expensive and lighter in weight than a conventional power 

supply?

A. The inverter design does not require any output 

filtering

B. It uses a diode bridge rectifier for increased 

output

C. The high frequency inverter design uses much 

smaller transformers and filter components for an 

equivalent power output

D. It uses a large power-factor compensation 

capacitor to create free power from the unused 

portion of the AC cycle
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E7D11What is the function of the pass transistor 

in a linear regulator circuit?

A. Permits a wide range of output voltage 

settings

B. Provides a stable input impedance over a 

wide range of source voltage

C. Maintains nearly constant output 

impedance over a wide range of load 

current

D. Maintains nearly constant output voltage 

over a wide range of load current
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E7D12What is the drop-out voltage of an 

analog voltage regulator?

A. Minimum input voltage for rated power 

dissipation

B. Maximum amount that the output voltage drops 

when the input voltage is varied over its 

specified range

C. Minimum input-to-output voltage required to 

maintain regulation

D. Maximum amount that the output voltage may 

decrease at rated load
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E7D13What is the equation for calculating 

power dissipation by a series connected  

linear voltage regulator?

A. Input voltage multiplied by input current

B. Input voltage divided by output current

C. Voltage difference from input to output 

multiplied by output current

D. Output voltage multiplied by output 

current
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E7D14What is the purpose of connecting 

equal-value resistors across power supply 

filter capacitors connected in series?

A. Equalize the voltage across each capacitor

B. Discharge the capacitors when the voltage 

is removed

C. Provide minimum load on the supply

D. All of these choices are correct
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E7D15What is the purpose of a "step-start" 

circuit in a high voltage power supply?

A. To provide a dual-voltage output for 

reduced power applications

B. To compensate for variations of the 

incoming line voltage

C. To allow for remote control of the power 

supply

D. To allow the filter capacitors to charge 

gradually
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