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WECA Amateur Extra Licensing Class

Class Schedule

- Every Tuesday 7-9:15 PM
- January 5th through March 9th

- 10 Sessions

- VE Session March ?th

- Monthly, 2nd Thursday

- Questions to instructor
- W2UL@WECA.ORG
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WECA Amateur Extra Licensing Class

Course Plan
ARRL Extra Class License Manual 12th Edition

- Follow the 11 chapters
- Weekly math & formula segment

- ARRL Extra Q&A 4th Edition
- 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
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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

• 5.1  Semiconductor Devices
• 5.2  Display Devices
• 5.3  Digital Logic
• 5.4  Optoelectronics
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WECA Amateur Extra Licensing Class
Chapter 5 E6 - Circuit Components

• E6A - Semiconductor materials and devices
• E6B - Semiconductor diodes
• E6C - Integrated circuits
• E6D - Optical devices
• E6E - Piezoelectric crystals and MMICs
• E6F - Optical components and power 

systems
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ARRL License Manual Chapters

• 6  Radio Circuits and Systems
• 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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Section 5.1
Semiconductor Devices



Amateur Radio Extra Class
Components in Your New Rig

• E6A01… Free electrons are the majority charge carriers in N-type 
semiconductor material.

• E6A02… N-type type of semiconductor material contains more free 
electrons than pure germanium or silicon crystals.

Diodes and Semiconductors 11



Amateur Radio Extra Class
Components in Your New Rig

• E6B07…Excessive junction temperature is a failure mode for junction 
diode fails due to excessive current.

• E6B08… Metal-semiconductor junction is a type of semiconductor diode.

12



Mother Says Pointing a Finger is Negative

13

Getting an A on a test 
is Positive

Getting a C is Negative



Amateur Radio Extra Class
Components in Your New Rig

E6B06 A common use of a hot-carrier diode is as a VHF / UHF 
mixer or detector

A Schottky diode, also known as a hot carrier diode, is a 
semiconductor diode which has a low forward voltage drop and 
a very fast switching action. 

There is a small voltage drop across the diode terminals when 
current flows through a diode. 

A normal diode will have a voltage drop between 0.6 to 1.7 volts, 
while a Schottky diode voltage drop is usually between 0.15 and 
0.45 volts.  
Source: http://www.futureelectronics.com/en/diodes/schottky-
diodes.aspx 14
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http://www.allaboutcircuits.com/textbook/semiconductors/chpt-
3/special-purpose-diodes/

A Schottky diode is also known as a 
hot carrier diode

E6B02… An important characteristic of a Schottky Barrier diode as 
compared to an ordinary silicon diode when used as a power 
supply rectifier is less forward voltage drop.   

s



Amateur Radio Extra Class
Components in Your New Rig

• E6B01… The principal characteristic of a Zener diode is a constant voltage 
under conditions of varying current.

Once the Zener voltage is 
reached increasing VI will not 
cause VO to increase only the 
current will increase creating 
a larger voltage drop across 
R, up to the maximum current 
rating for the zener diode.

Schematic symbol of a 
Zener diode. Since a 
diode only passes 
current in one 
direction, look for the 
one-way arrow plus a 
“Z” to indicate it is a 
Zener diode.

Zener diode

16



Amateur Radio Extra Class
Components in Your New Rig

• E6B04… A Varactor diode is 
designed for use as a 
voltage controlled capacitor.

Varactor diode

Looks like schematic 
symbol for capacitor.

Amateur Radio Extra Class

Lower bias voltage, 
narrower depletion zone, 
higher capacitance

Higher bias voltage, 
wider depletion zone, 
lower capacitance 17



Amateur Radio Extra Class
Components in Your New Rig

• E6B03a… The principal characteristic 
of a tunnel diode is a negative 
resistance region. This allows it to 
be used for amplification and 
oscillation.

• E6B03b… A Tunnel diode is capable of 
both amplification and oscillation. 18



Amateur Radio Extra Class
Components in Your New Rig

• E6B10… A common use for point contact diodes is as an RF detector.

• E6B11… Forward DC bias current is used to control the attenuation of RF 
signals by a PIN diode.  
• PIN diode The p-i-n diode or PIN diode is a photodiode with an intrinsic layer 

between the P and N-regions. The P-Intrinsic-N structure increases the 
distance between the P and N conductive layers, decreasing capacitance, 
increasing speed.

19



Amateur Radio Extra Class
Components in Your New Rig

• E6B10… Number 5 in Figure E6-3 is the schematic symbol for a light-
emitting diode.

1

Figure E6-3

5

20

What is the symbol for a Light Emitting Diode?



Amateur Radio Extra Class
Components in Your New Rig

• E6A03… Holes are the majority charge carriers in P-type semiconductor 
material.

• E6D04… The name given to an impurity atom that adds holes to a 
semiconductor crystal structure is acceptor impurity.

Introduction to Transistors

21



Amateur Radio Extra Class
Components in Your New Rig

Bipolar Transistor Basics --- PNP and NPN 22



Amateur Radio Extra Class
Components in Your New Rig

Bipolar Transistor Basics --- PNP and NPN

23



Amateur Radio Extra Class
Components in Your New Rig

• E6D05… The alpha of a bipolar junction transistor refers to the change of 
collector current with respect to emitter current.

• 6D06… The beta of a bipolar junction transistor refers to the change in 
collector current with respect to base current.

A = ~ C with ~ E

B = ~ C with ~ B

24



Amateur Radio Extra Class
Components in Your New Rig

• E6A07… In Figure E6-1, the schematic 
symbol for a PNP transistor is 
number 1.

• E4A10…  A useful test for a functioning 
NPN transistor in an active circuit 
where the transistor should be 
biased "on" is to measure base-to-
emitter voltage with a voltmeter; it 
should be approximately 0.6 to 0.7 
volts.

Figure E6-1

+0.7  V

25



Amateur Radio Extra Class
Components in Your New Rig

• E6A08… Alpha cutoff frequency indicates the frequency at which a 
transistor grounded base current gain has decreased to 0.7 of the gain 
obtainable at 1 kHz.

• E6A09… A depletion-mode FET is a FET that exhibits a current flow 
between source and drain when no gate voltage is applied.

• E6A10… In Figure E6-2, the schematic symbol for an N-channel dual-gate 
MOSFET is number 4.

Figure E6-2
26



Amateur Radio Extra Class
Components in Your New Rig

• E6A11… In Figure E6-2, the schematic symbol for a P-channel junction 
FET is number 1.

• E6A12… Many MOSFET devices have internally connected Zener diodes 
to reduce the chance of the gate insulation being punctured by static 
discharges or excessive voltages.

• E6A13… The initials CMOS stand for Complementary Metal-Oxide 
Semiconductor.

Figure E6-2

27



Amateur Radio Extra Class
Components in Your New Rig

• E6A14… The DC input impedance at the gate of a field-effect transistor is 
high. The DC input impedance of the bipolar transistor is low.

Pictorial of FET 
construction (N-

Channel 
Enhancement) 28



Amateur Radio Extra Class
Components in Your New Rig

• E6A14… A field-effect transistor (FET) has high DC input impedance at 
the gate.  A bipolar transistor has low input impedance.

• E6A16… Free electrons are the majority charge carriers in N-type
semiconductor material.

• E6A15… P-type semiconductor material contains an excess of holes in the 
outer shell of electrons.

• E6A17… The names of the three terminals of a field-effect transistor are 
gate, drain, and source.

Field-effect transistors 
exist in two major 
classifications. These 
are known as the 
junction FET (JFET) and 
the metal-oxide-
semiconductor FET 
(MOSFET).

The FET has some advantages 
relative to the bipolar transistor.  
Field-effect transistors are 
preferred for weak-signal work, 
for example in wireless 
communications and broadcast 
receivers. They are also 
preferred in circuits and 
systems requiring high input 
impedance. 

29



Amateur Radio Extra Class
Components in Your New Rig

• E6B12… A common use for PIN diodes is as an RF switch.

• E6B13… Forward bias is required for an LED to produce luminescence.
• E6C01… 5 volts is the recommended power supply voltage for TTL series 

integrated circuits.
• E6C02… The inputs of a TTL device assume a logic-high state if they are 

left open.
• E6C03… The input voltage for a logic "high" in a TTL device operating 

with a positive 5-volt power supply is 2.0 to 5.5 volts.
30



Amateur Radio Extra Class
Components in Your New Rig

• E6C03&4… Tri-state logic devices have 0, 1 and high impedance output 
states allowing the outputs of many of them to be connected to a 
common bus. 

• E6C05… The advantage of CMOS logic devices over TTL devices is lower 
power consumption. 

• E6C06… Because the input switching threshold is about one-half the 
power supply voltage, CMOS digital integrated circuits have high 
immunity to noise on the input signal or power supply.

31



Amateur Radio Extra Class
Components in Your New Rig

• E6E04… The characteristic impedance of circuits in which almost all 
MMICs are designed to work is 50 ohms.

• E6E05… The typical noise figure of a low-noise UHF preamplifier is 
approximately 2 dB.

Low Noise
=

2dB

32



Amateur Radio Extra Class
Components in Your New Rig

• E6E09… A parallel capacitance is required on the crystal of a crystal 
oscillator to insure the oscillator provides the frequency specified by 
the crystal manufacturer.

• E6E07… Typically microstrip construction is used when building an 
amplifier using monolithic microwave integrated circuits (MMICs).

33



Amateur Radio Extra Class
Components in Your New Rig

• E6E08… The operating bias voltage normally supplied to the 
most common type of monolithic microwave integrated 
circuit (MMIC) is through a resistor and/or RF choke 
connected to the amplifier output lead.

•

35
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Section 5.2
Optoelectronics



Amateur Radio Extra Class
Optoelectronics

• E6F01… Photoconductivity is the increased 
conductivity of an illuminated semiconductor.

• E6F02… The conductivity of a photoconductive 
material increases when light shines on it.

In other words, the resistance decreases!

44



• E6F03… The most common configuration for an 
optoisolator or optocoupler is an LED and a 
phototransistor.

• Note isolation / High impedance:

Optocoupler and Optoisolator are 
terms that are used interchangeably 
for the same device.

Amateur Radio Extra Class
Optoelectronics

45



• E6F05… An optical shaft encoder is an array of optocouplers whose light 
transmission path is controlled (interrupted) by a rotating wheel.

Optocoupler Used 
for Shaft Encoder

This drawing illustrates the 
operation of an optical shaft 
encoder, often used as a tuning 
mechanism on modern 
transceivers.

Amateur Radio Extra Class
Optoelectronics
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• E6F04… The photovoltaic effect is the conversion of light to electrical 
energy.

Physical circuit Schematic Diagram

Basics for a Photodiode……

Amateur Radio Extra Class
Optoelectronics
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……Basics for a Photodiode

A Photodiode is like an ordinary p-n junction diode with a window to 
admit light. The light greatly increases reverse leakage current.

Amateur Radio Extra Class
Optoelectronics

48



• E6F06… A crystalline semiconductor is affected the most by photo-
conductivity.

Schematic Symbol of Photodiode

……Basics for a Photodiode

Amateur Radio Extra Class
Optoelectronics
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• E6F07… A solid state relay is a device that 
uses semiconductor devices to 
implement the functions of an 
electromechanical relay.

• E6F08…  Because optoisolators provide a 
very high degree of electrical isolation
between a control circuit and a power 
circuit they are often used in 
conjunction with solid state circuits 
when switching 120 VAC.

Optoisolator for 120 Volts AC

This makes them an excellent choice 
for controlling high voltages with a 

low isolated voltage.

Optical 
Coupling

Amateur Radio Extra Class
Optoelectronics
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• E6F09… The efficiency of a photovoltaic cell is the relative fraction of light 
that is converted to current.

• E6F11… The approximate open-circuit voltage produced by a fully-
illuminated silicon photovoltaic cell 0.5 Volts.

• E6F12… Electrons absorb the energy from light falling on a photovoltaic cell. 

Twenty seven cells would be required to produce 
13.5 volts for charging a 12 volt battery.

Amateur Radio Extra Class
Optoelectronics

51



• E6F10… Silicon is the most common type of photovoltaic cell used for 
electrical power generation.

Amateur Radio Extra Class
Optoelectronics

52
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Section 5.3
Digital Logic
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Section 5.3
Digital Logic



Amateur Radio Extra Class
Logically Speaking of Counters

• E6C07… In Figure E6-5, the 
schematic symbol for an AND 
gate is number 1

• E6C08… In Figure E6-5, the 
schematic symbol for a NAND 
gate is number 2

Input A Input B Output

0 0 0

0 1 0

1 0 0

1 1 1

Input A Input B Output

0 0 1

0 1 1

1 0 1

1 1 0

Figure E6-5

If inputs A 
and B are 1 
then the 
output is 1.

If not A and B
are 1 then the 
output is 1.
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Amateur Radio Extra Class
Logically Speaking of Counters

• E6C09… In Figure E6-5, the 
schematic symbol for an OR 
gate is number 3.

• E6C10… In Figure E6-5,  the 
schematic symbol for a NOR 
gate is number 4.

Input A Input B Output

0 0 0

0 1 1

1 0 1

1 1 1

Input A Input B Output

0 0 1

0 1 0

1 0 0

1 1 0

If either A 
or B input 
are 1 then 
the output 
is 1.

If neither A 
or B are 1 
then the 
output will 
be 1.

Figure E6-5
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Amateur Radio Extra Class
Logically Speaking of Counters

• E6C11… Figure E6-5 shows the schematic symbol for the NOT operation 
(inverter) is number 5.

• E7A01… A flip-flop is a bistable circuit.

If the input is high 
the output is low, if 
the input is low the 
output will be high

Input Output

0 1

1 0

Bistable means that it 
can remain in a 1 or 
0 state after being 
driven by a single 
input pulse or bit.   
Each input pulse 
will cause it to 
change state from a 
1 to a 0 or a 0 to a 1.58



Amateur Radio Extra Class
Logically Speaking of Counters

• E7A02… Two output level changes occur for every two trigger pulses 
applied to the input of a "T" (triggered) flip-flop circuit.

• E7A03… A flip-flop can divide the frequency of the pulse train by 2.
• E7A04…  Two flip-flops are required to divide a signal frequency by 4.

Every rising edge toggles the output (makes it 
change state).  The rise on the first pulse sets the 
output high the rise from the second pulse sets 
the output low (two state changes).

Input

Output

Input 
100 KHz

Output
50 KHz

Output
25 KHz

Output
12.5 KHz

59



Amateur Radio Extra Class
Logically Speaking of Counters

Basic 
concept of 
the flip-flop

Also called a 
bistable 
element

Also called 
a static 
memory 
element
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Amateur Radio Extra Class
Logically Speaking of Counters

• E7A05… An astable multivibrator is a circuit that continuously alternates 
between two unstable states without an external clock.

• E7A06… The characteristic of a mono-stable multivibrator is that it 
switches momentarily to the opposite binary state and then returns, 
after a set time, to its original state.

61



Amateur Radio Extra Class
Logically Speaking of Counters

• E7A07… An AND gate produces a logic "1" at its output only if all inputs 
are logic "1".

• E7A08… A NAND gate produces a logic "0" at its output only when all 
inputs are logic "1".

Input A Input B Output

0 0 0

0 1 0

1 0 0

1 1 1

If inputs A 
and B are 1 
then the 
output is 1.

Input A Input B Output

0 0 1

0 1 1

1 0 1

1 1 0

If not A and B
are 1 then the 
output is 1.
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Amateur Radio Extra Class
Logically Speaking of Counters

• E7A09… An OR gate produces a logic "1" at its output if any or all inputs 
are logic "1".

• E7A10… A NOR gate produces a logic "0" at its output if any or all inputs 
are logic "1".

Input A Input B Output

0 0 0

0 1 1

1 0 1

1 1 1

If either A 
or B input 
are 1 then 
the output 
is 1.

Input A Input B Output

0 0 1

0 1 0

1 0 0

1 1 0

If neither A 
or B are 1 
then the 
output will 
be 1.

63



Amateur Radio Extra Class
Logically Speaking of Counters

• E7A11… A list of input combinations and corresponding outputs for a 
digital device is a called a truth table.

Diagram Symbol Truth Table

A 3-Input AND gate

64



Amateur Radio Extra Class
Logically Speaking of Counters

Diagram Symbol Truth Table

Truth TableDiagram Symbol

A NOT Gate Inverter

A 3-Input OR Gate

65
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Section 5.1
Semiconductor Devices



E6A01 In what application is gallium arsenide used as 
a semiconductor material in preference to 
germanium or silicon?

A. In high-current rectifier circuits
B. In high-power audio circuits
C. At microwave frequencies
D. At very low frequency RF circuits

71



E6A02 Which of the following semiconductor 
materials contains excess free electrons?

A. N-type
B. P-type
C. Bipolar
D. Insulated gate

72



E6A03 Why does a PN-junction diode not 
conduct current when reverse biased?

A. Only P-type semiconductor material can 
conduct current

B. Only N-type semiconductor material can 
conduct current

C. Holes in P-type material and electrons in the N-
type material are separated by the applied    
voltage, widening the depletion region

D. Excess holes in P-type material combine with 
the electrons in N-type material, converting the 
entire diode into an insulator

73



E6A04 What is the name given to an impurity atom 
that adds holes to a semiconductor crystal 
structure?

A. Insulator impurity
B. N-type impurity
C. Acceptor impurity
D. Donor impurity

74



E6A05 What is the alpha of a bipolar 
junction transistor?

A. The change of collector current with 
respect to base current

B. The change of base current with respect 
to collector current

C. The change of collector current with 
respect to emitter current

D. The change of collector current with 
respect to gate current

75
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E6A05  How does DC input impedance at the gate of a field-
effect transistor compare with the DC input impedance of 
a bipolar transistor?

A. They are both low impedance
B. An FET has lower input impedance
C. An FET has higher input impedance
D. They are both high impedance



E6A06 What is meant by the beta of a 
bipolar junction transistor?

A. The frequency at which the current gain is 
reduced to 1

B. The change in collector current with 
respect to base current

C. The breakdown voltage of the base to 
collector junction

D. The switching speed of the transistor
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E6A07 Which of the following indicates that a 
silicon NPN junction transistor is biased on?

A. Base-to-emitter resistance of 
approximately 6 to 7 ohms

B. Base-to-emitter resistance of 
approximately 0.6 to 0.7 ohms

C. Base-to-emitter voltage of approximately 
6 to 7 volts

D. Base-to-emitter voltage of approximately 
0.6 to 0.7 volts

78



E6A08 What term indicates the frequency at which the 
grounded-base current gain of a transistor has decreased to 
0.7 of the gain obtainable at 1 kHz?

A. Corner frequency
B. Alpha rejection frequency
C. Beta cutoff frequency
D. Alpha cutoff frequency

79



E6A09 What is a depletion-mode FET?

A. An FET that exhibits a current flow between 
source and drain when no gate voltage is 
applied

B. An FET that has no current flow between source 
and drain when no gate voltage is applied

C. An FET without a channel
D. An FET for which holes are the majority carrier

80



E6A10 In Figure E6-1, what is the schematic 
symbol for an N-channel dual-gate MOSFET?

A. 2
B. 4
C. 5
D. 6

Figure E6-2
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E6A11 In Figure E6-2, what is the schematic 
symbol for a P-channel junction FET?

A. 1
B. 2
C. 3
D. 6

Figure E6-2
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E6A12 Why do many MOSFET devices have 
internally connected Zener diodes on the 
gates?

A. To provide a voltage reference for the correct 
amount of reverse-bias gate voltage

B. To protect the substrate from excessive voltages
C. To keep the gate voltage within specifications 

and prevent the device from overheating
D. To reduce the chance of the gate insulation 

being punctured by static discharges or 
excessive voltages

83



E6B01 What is the most useful 
characteristic of a Zener diode?

A. A constant current under conditions of 
varying voltage

B. A constant voltage under conditions of 
varying current

C. A negative resistance region
D. An internal capacitance that varies with 

the applied voltage

84



E6B02 What is an important characteristic of a 
Schottky diode as compared to an ordinary silicon 
diode when used as a power supply rectifier?

A. Much higher reverse voltage 
breakdown

B. Controlled reverse avalanche 
voltage

C. Enhanced carrier retention time
D. Less forward voltage drop

85



E6B05 What characteristic of a PIN diode makes 
it useful as an RF switch or attenuator?

A. Extremely high reverse breakdown 
voltage 

B. Ability to dissipate large amounts of 
power

C. Reverse bias controls its forward 
voltage drop

D. Low junction capacitance
86



E6B03 What type of bias is required for an LED 
to emit light?

A. Reverse bias
B. Forward bias
C. Zero bias
D. Inductive bias

87



E6B04 What type of semiconductor device is 
designed for use as a voltage-controlled 
capacitor?

A. Tunnel diode
B. Varactor diode
C. Silicon-controlled rectifier 
D. Zener diode

88



E6B05 What characteristic of a PIN diode makes 
it useful as an RF switch?

A. Extremely high reverse 
breakdown voltage

B. Ability to dissipate large amounts 
of power

C. Reverse bias controls its forward 
voltage drop

D. Low junction capacitance
89



E6B06 Which of the following is a common 
use of a Schottky diode?

A. As a rectifier in high current power 
supplies

B. As a variable capacitance in an 
automatic frequency control circuit

C. As a constant voltage reference in a 
power supply

D. As a VHF/UHF mixer or detector
90



E6B07 What is the failure mechanism when a 
junction diode fails due to excessive current?

A. Excessive inverse voltage
B. Excessive junction temperature
C. Insufficient forward voltage
D. Charge carrier depletion

91



E6B08 Which of the following is a Schottky 
barrier diode?

A. Metal-semiconductor junction
B. Electrolytic rectifier
C. PIN junction
D. Thermionic emission diode

92



E6B09 What is a common use for point 
contact diodes?

A. As a constant current source
B. As a constant voltage source
C. As an RF detector
D. As a high voltage rectifier

93



E6B10 In Figure E6-2, what is the schematic 
symbol for a light-emitting diode?

A. 1
B. 5
C. 6
D. 7 94



E6B11 What is used to control the attenuation of 
RF signals by a PIN diode?

A. Capacitance of an RF coupled 
capacitor

B. A sub-harmonic pump level
C. Reverse voltage larger than the RF 

signal
D. Forward DC bias current

95



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
96



E6C02 What 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

97



E6C03 What is tri-state logic?

A. Logic devices with 0, 1 and high 
impedance output states

B. Logic devices that utilize ternary 
math

C. Low power logic devices designed 
to operate at 3 volts

D. Proprietary logic devices 
manufactured by Tri-State Devices98



E6C04 Which of the following is an 
advantage of BiCMOS logic?

A. Its simplicity results in much less 
expensive devices than standard 
CMOS

B. It is immune to electrostatic damage
C. It has the high input impedance of 

CMOS and the low output impedance 
of bipolar transistors

D. All these choices are correct 99



E6C05 Which of the following is an advantage of 
CMOS logic devices over TTL devices?

A. Differential output capability
B. Lower distortion
C. Immune to damage from static 

discharge
D. Lower power consumption

100



E6C06 Why do CMOS digital integrated circuits have 
high immunity to noise on the input signal or power 
supply?

A. Larger bypass capacitors are used in 
CMOS circuit design

B. The input switching threshold is about two 
times the power supply voltage

C. The input switching threshold is about 
one-half the power supply voltage

D. Input signals are stronger

101



E6C07 What best describes a pull-up or pull-down 
resistor?

A. A resistor in a keying circuit used to reduce key 
clicks

B. A resistor connected to the positive or negative 
supply line used to establish a voltage when an 
input or output is an open circuit

C. A resistor that ensures that an oscillator 
frequency does not drift

D. A resistor connected to an op-amp output that 
prevents signals from exceeding the power 
supply voltage

102



E6C08 In Figure E6-3, what is the schematic symbol 
for a NAND gate?

A. 1
B. 2
C. 3
D. 4

103



E6C09 What is a Programmable Logic Device (PLD)?

A. A logic circuit that can be modified 
during use

B. A programmable collection of logic 
gates and circuits in a single 
integrated circuit

C. Programmable equipment used for 
testing digital logic integrated 
circuits

D. A type of transistor whose gain can 
be changed by digital logic circuits

104



E6C10 In Figure E6-3, what is the schematic symbol 
for a NOR gate?

A. 1
B. 2
C. 3
D. 4
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E6C11 In Figure E6-3, what is the schematic symbol 
for the NOT operation (inverter)?

A. 2
B. 4
C. 5
D. 6

106



E6E08 How is power supply voltage normally 
furnished to the most common type of monolithic 
microwave integrated circuit (MMIC)?

A. Through a resistor and/or RF choke 
connected to the amplifier output 
lead

B. MMICs require no operating bias
C. Through a capacitor and RF choke 

connected to the amplifier input lead
D. Directly to the bias-voltage (VCC IN) 

lead
107



Section 5.3
Digital Logic

WECA Amateur Extra Training
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E6C07 In Figure E6-5, what is the 
schematic symbol for an AND gate?

A. 1
B. 2
C. 3
D. 4

Figure E6-5

1 2 3

4 5 6
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E6C08 In Figure E6-5, what is the 
schematic symbol for a NAND gate?

A. 1
B. 2
C. 3
D. 4

Figure E6-5

1 2 3

4 5 6
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E6C09 In Figure E6-5, what is the 
schematic symbol for an OR gate?

A. 2
B. 3
C. 4
D. 6

Figure E6-5

1 2 3

4 5 6
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E6C10 In Figure E6-5, what is the 
schematic symbol for a NOR gate?

A. 1
B. 2
C. 3
D. 4

Figure E6-5

1 2 3

4 5 6
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E6C11 In Figure E6-5, what is the schematic 
symbol for the NOT operation (inverter)?

A. 2
B. 4
C. 5
D. 6

Figure E6-5

1 2 3

4 5 6
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E6C12 What is BiCMOS logic?

A. A logic device with two CMOS circuits per 
package

B. An FET logic family based on bimetallic 
semiconductors

C. A logic family based on bismuth CMOS 
devices

D. An integrated circuit logic family using 
both bipolar and CMOS transistors
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E6C13 Which of the following is an advantage of 
BiCMOS logic?

A. Its simplicity results in much less 
expensive devices than standard CMOS

B. It is totally immune to electrostatic 
damage

C. It has the high input impedance of CMOS 
and the low output impedance of bipolar 
transistors

D. All of these choices  are correct
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E7A01 What is a bistable circuit?

A. An "AND" gate
B. An "OR" gate
C. A flip-flop
D. A clock
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E7A02 How many output level changes are obtained 
for every two trigger pulses applied to the input of 
a "T" flip-flop circuit?

A. None
B. One
C. Two
D. Four

117



E7A03 Which of the following can divide the 
frequency of pulse train by 2?

A. An XOR gate
B. A flip-flop
C. An OR gate
D. A multiplexer
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E7A04 How many flip-flops are required to 
divide a signal frequency by 4?

A. 1
B. 2
C. 4
D. 8
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E7A05 Which of the following is a circuit that 
continuously alternates between two unstable 
states without an external clock?

A. Monostable multivibrator
B. J-K Flip-Flop
C. T Flip-Flop
D. Astable Multivibrator
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E7A06 What is a characteristic of a 
monostable multivibrator?

A. It switches momentarily to the opposite binary 
state and then returns, after a set time, to its 
original state

B. It is a clock that produces a continuous square 
wave oscillating between 1 and 0

C. It stores one bit of data in either a 0 or 1 state
D. It maintains a constant output voltage, 

regardless of variations in the input voltage
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E7A07 What logical operation does a NAND 
gate perform?

A. It produces a logic "0" at its output only 
when all inputs are logic "0“

B. It produces a logic "1" at its output only 
when all inputs are logic "1“

C. It produces a logic "0" at its output if some 
but not all of its inputs are logic "1“

D. It produces a logic "0" at its output only 
when all inputs are logic "1"
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E7A08 What logical operation does an OR gate 
perform?

A. It produces a logic "1" at its output if any 
or all inputs are logic "1“

B. It produces a logic "0" at its output if all 
inputs are logic "1“

C. It only produces a logic "0" at its output 
when all inputs are logic "1“

D. It produces a logic "1" at its output if all 
inputs are logic "0"
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E7A09 What logical operation is performed by 
an exclusive NOR gate?

A. It produces a logic “0” at its output 
only if all inputs are logic “0”

B. It produces a logic “1” at its output 
only if all inputs are logic “1”

C. It produces a logic “0” at its output if 
only one input is a logic “1”

D. It produces a logic “1” at its output if 
any single input is logic “1” 124



E7A10 What is a truth table? 

A. A table of logic symbols that indicate the 
high logic states of an op-amp

B. A diagram showing logic states when the 
digital device's output is true

C. A list of inputs and corresponding outputs 
for a digital device

D. A table of logic symbols that indicates the 
low logic states of an op-amp
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E7A11 What is the name for logic which 
represents a logic "1" as a high voltage?

A. Reverse Logic
B. Assertive Logic
C. Negative logic
D. Positive Logic
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E6F01 What absorbs the energy from 
light falling on a photovoltaic cell?

A. Protons
B. Photons
C. Electrons
D. Hole
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E6F02 What happens to the conductivity of a 
photo-conductive material when light shines 
on it?

A. It increases
B. It decreases
C. It stays the same
D. It becomes unstable
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E6F03 What is the most common configuration 
of an optoisolator or optocoupler?

A. A lens and a photomultiplier
B. A frequency modulated helium-

neon laser
C. An amplitude modulated helium-

neon laser
D. An LED and a phototransistor
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E6F04 What is the photovoltaic effect?

A. The conversion of light to electrical 
energy

B. The conversion of voltage to current 
when exposed to light

C. The conversion of electrical energy to 
mechanical energy

D. The tendency of a battery to discharge 
when used outside 
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E6F05 Which of the following describes an 
optical shaft encoder?

A. A device which detects rotation of a control by 
interrupting a light source with a patterned 
wheel 

B. A device which measures the strength of a beam 
of light using analog to digital conversion

C. A digital encryption device often used to 
encrypt spacecraft control signals

D. A device for generating RTTY signals by means 
of a rotating light source
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E6F06 Which of these materials is affected 
the most by photoconductivity?

A. A crystalline semiconductor
B. An ordinary metal
C. A heavy metal
D. A liquid semiconductor
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E6F07 What is a solid state relay?

A. A relay using transistors to drive the 
relay coil

B. A device that uses semiconductor 
devices to implement the functions of an 
electromechanical relay

C. A mechanical relay that latches in the on 
or off state each time it is pulsed

D. A passive delay line
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E6F08 Why are optoisolators often used in 
conjunction with solid state circuits when switching 

120 V AC?

A. Optoisolators provide a low impedance link 
between a control circuit and a power circuit

B. Optoisolators provide impedance matching 
between the control circuit and power circuit

C. Optoisolators provide a very high degree of 
electrical isolation between a control circuit and 
a power circuit

D. Optoisolators eliminate (isolate) the effects of 
reflected light in the control circuit
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E6F09 What is the efficiency of a photovoltaic 
cell?

A. The output RF power divided by the input 
DC power

B. The relative fraction of light that is 
converted to current

C. The open-circuit voltage divided by the 
short circuit current under full illumination

D. Cost per kilowatt-hour generated
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E6F10 What is the most common type of photo-voltaic 
cell used for electrical power generation?

A. Selenium
B. Silicon
C. Cadmium Sulfide
D. Copper oxide
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E6F11 Which of the following is the approximate 
open-circuit voltage produced by a fully-

illuminated silicon photovoltaic cell?

A. 0.1 V
B. 0.5 V
C. 1.5 V
D. 12 V
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