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QUESTION SECTION B-004-001: 
Amplifiers in amateur radio



  

B-004-001: Amplifiers in amateur radio

What is an Amplifier?
● An amplifier is a circuit designed to increase the 

amplitude (strength) of a signal without changing its 
basic shape or information content.

● Key term: A circuit that boosts signal level  →
amplifier.



  

B-004-001: Amplifiers in amateur radio

Why Amplifiers Matter in Ham Radio
● Weak signals need boosting at different stages:

Very weak radio frequency (RF) signals from the 
antenna  use an → RF amplifier (preamp) to increase 
them before further processing.



  

B-004-001: Amplifiers in amateur radio

Why Amplifiers Matter in Ham Radio
● Weak signals need boosting at different stages:

Very weak audio signals from a microphone  use an →
audio amplifier to raise them to a usable level for 
modulation/transmission.



  

B-004-001: Amplifiers in amateur radio

Why Amplifiers Matter in Ham Radio
● In a transceiver, the speech amplifier (audio stage) 

typically processes human voice frequencies in the 
range of 300Hz to 3,000Hz — this covers the essential 
range for clear speech while filtering out unnecessary 
lows/highs.



  

B-004-001: Amplifiers in amateur radio

What Amplifiers Can Increase
● Amplifiers boost different signal properties depending on 

design:
● Most commonly: voltage (especially in voltage amplifiers).
● Also possible: current or power.



  

B-004-001: Amplifiers in amateur radio

Key Performance Terms
● The increase in signal level produced by an amplifier is 

called gain.
● Example: A device labelled “Gain = 10 dB” is almost 

certainly an amplifier
● gain is a hallmark of amplification



  

B-004-001: Amplifiers in amateur radio

Key Performance Terms
●Efficiency measures how well the amplifier 

converts DC input power into useful output 
signal power (ratio of output power to DC input 
power).



  

B-004-001: Amplifiers in amateur radio

Problems with Amplifiers
● If an amplifier becomes non-linear (doesn't respond 

proportionally to the input over its full range), the 
output signal becomes distorted — this can create 
unwanted harmonics, splatter, or poor audio quality.



  

B-004-001: Amplifiers in amateur radio

Problems with Amplifiers
● Excessive positive feedback in an amplifier stage causes 

oscillations (unwanted self-generated signals, like 
howling or squealing) — the circuit starts behaving like 
an oscillator instead of a clean amplifier.



  

QUESTION SECTION B-004-002: 
Semiconductor diodes



  

B-004-002: Semiconductor diodes

What is a Diode?
● A semiconductor diode is a one-way valve for electric 

current.
● It has two electrodes: anode (positive side) and cathode 

(negative side).



  

B-004-002: Semiconductor diodes

What is a Diode?
● Standard symbol: arrow pointing toward the cathode 

(direction of conventional current flow), with a bar at 
the cathode end.

 
Anode Cathode



  

B-004-002: Semiconductor diodes

What is a Diode?
● Key property: It conducts in one direction only (when 

forward biased — anode positive relative to cathode) and 
blocks current in the reverse direction.

● For a diode to conduct: It must be forward biased.



  

Conventional Current vs electron flow

Conv-CUrrent: Positive to Negative 

Electron Flow: Negative to Positive

In reality, the actual charge carriers are electrons, which 
are negatively charged. Electrons move toward the positive 
terminal — so their direction of motion is opposite to the 
direction of conventional current.

B-004-002: Semiconductor diodes



  

Conv-Current vs electron flow
● Think of a a salmon swimming upstream 

against the current
● Electrons flow against the current 

B-004-002: Semiconductor diodes



  

B-004-002: Semiconductor diodes

Current Flow in a diode
● In a semiconductor diode, electrons flow from cathode to 

anode (conventional current is opposite: anode to 
cathode).

● If alternating current (AC) is applied to the anode, the 
output at the cathode is pulsating direct current — only 
the positive half-cycles pass through.



  

B-004-002: Semiconductor diodes

Current Flow in a diode

 

AC Input

Pulsating DC Output



  

B-004-002: Semiconductor diodes

Changing AC to DC: Rectification
● The process of converting alternating current (AC) to 

direct current (DC) is called rectification.
● A single diode performs half-wave rectification, allowing 

only one polarity of the AC waveform to pass (results in 
pulsating DC).

● This is common in simple power supplies for ham gear.



  

B-004-002: Semiconductor diodes

Important Applications in Ham Radio
●Reverse polarity protection: A diode placed in 

series in the positive power lead to a transceiver 
protects against accidental reverse battery or 
power supply connection.

●Purpose: Reverse polarity protection.



  

B-004-002: Semiconductor diodes

Important Applications in Ham Radio
● How it works: The diode conducts normally if polarity is 

correct but blocks current (and may blow a fuse) if 
reversed — because it conducts in one direction only.



  

B-004-002: Semiconductor diodes

Important Applications in Ham Radio
● Detection (demodulation): One key use of diodes is 

recovering information (like audio) from transmitted 
radio signals — this is called detection.

● Example: In simple AM receivers or product detectors.



  

B-004-002: Semiconductor diodes

Important Applications in Ham Radio
● Voltage regulation: The primary purpose of a Zener diode 

is to regulate or maintain a constant voltage across a 
load, even when input voltage or load current varies.

● Zener diodes operate in the reverse-bias breakdown 
region to hold a stable reference voltage.



  

B-004-002: Semiconductor diodes

Important Applications in Ham Radio

 
Anode Cathode

Zener diode



  

B-004-002: Semiconductor diodes

Important Applications in Ham Radio
● Light indication: A light-emitting diode (LED) glows in 

different colours depending on its chemical composition 
(EX: red, green, blue, yellow).

● LEDs are diodes too — they emit light when forward 
biased and are everywhere in ham radios for power 
indicators, mode lights, etc.



  

B-004-002: Semiconductor diodes

Important Applications in Ham Radio

Light Emitting diodes



  

B-004-002: Semiconductor diodes

Important Applications in Ham Radio

Diodes are the gatekeepers of

current flow in ham radio.

they rectify, protect, regulate,
detect and light up!



  

QUESTION SECTION B-004-003: 
Bipolar transistors (BJTs)



  

B-004-003: Bipolar transistors (BJTs)

Bipolar transistors:
● one of the most important semiconductor devices in 

amateur radio. They can take a tiny signal (like from a 
microphone or receiver stage) and make it much larger 
using only low voltages — something vacuum tubes 
struggle with at low power. This makes them ideal for 
portable rigs, QRP transmitters, audio stages, and many 
other ham applications.



  

B-004-003: Bipolar transistors (BJTs)

What is a transistor and why is it useful?:
● The most basic semiconductor component used to amplify 

a signal is a transistor.  It can amplify a small signal 
using low voltages.  

● The component that does this best is the bipolar 
transistor.



  

B-004-003: Bipolar transistors (BJTs)

Structure of a Bipolar Transistor:
● A bipolar transistor has three electrodes 

(leads/terminals):  
● Collector  
● Emitter  
● Base



  

B-004-003: Bipolar transistors (BJTs)

There are two basic types:
● NPN
● PNP



  

B-004-003: Bipolar transistors (BJTs)

How Bipolar Transistors Work – Amplification:
● A small input signal applied to the base controls a much 

larger current flowing from collector to emitter (in an 
NPN; reverse for PNP).  

● This results in amplification — a low-level input signal 
produces a higher-level output signal. 

● The base is the control electrode: it directly controls 
the output current.



  

B-004-003: Bipolar transistors (BJTs)

Bipolar Transistors as Switches:
● Transistors aren't just for amplification — they're also 

excellent electronic switches, common in keying circuits, TX/RX 
switching, digital modes, and micro-controllers in modern ham 
gear.

● The base controls whether the transistor is on 
(conducting/saturated) or off (cut-off).  

● When driven alternately into saturation (fully on) and cut-off 
(fully off), it behaves like a switch.



  

B-004-003: Bipolar transistors (BJTs)

Practical Tip – Avoiding Failure:
● Transistors are rugged but sensitive to excessive heat — 

one of the most common causes of failure in ham projects 
(EX: overdriving a final, poor heatsinking, or high duty 
cycle modes like FT8 without cooling).

● Always use heat-sinks when needed and monitor 
temperatures.



  

QUESTION SECTION B-004-004: 
Field-effect transistors (FETs)



  

B-004-004: Field-effect transistors (FETs)

What is a Field-Effect Transistor?
A field-effect transistor (FET) has three electrodes:
● Gate 
● Drain
● source  



  

B-004-004: Field-effect transistors (FETs)

What is a Field-Effect Transistor?
● The gate controls the resistance of the channel between 

source and drain.  
● Charge carriers enter the channel from the source and 

leave through the drain.  
● The two ends of the channel are the source and draiN



  

B-004-004: Field-effect transistors (FETs)

Two Basic Types of FETS:
● N Channel (Electrons as Carriers)
● P Channel (Holes as Carriers)

The arrow in the schematic symbol points inward for N-
channel (like an NPN base arrow) and outward for P-
channel.

G G

S S

D DN P



  

B-004-004: Field-effect transistors (FETs)

Why FETs Are High-Impedance Devices
● The gate is insulated (in JFETs by a reverse-biased 

junction; in MOSFETs by an oxide layer), so it never 
conducts current under normal operation.

● This gives FETs extremely high input impedance — often 
millions or billions of ohms — perfect for not loading 
down weak signals in receivers or antennas.



  

B-004-004: Field-effect transistors (FETs)

How FETs Operate (Simplified)
● In a typical JFET:  The gate is reverse-biased relative to the 

source.  
● Increasing the reverse bias pinches off the channel more

 less current flows from drain to source.  →
● Decreasing the reverse bias (making it less negative) widens the 

channel  current increases.→
● This voltage control is why FETs are great for variable gain or 

switching with almost no power draw on the control line.



  

B-004-004: Field-effect transistors (FETs)

Comparing FETs to Bipolar Transistors
●FETs and bipolars do similar jobs (amplification, 

switching) but differ in control and characteristics. 
●The Next Slide shows the direct electrode 

correspondence (including a vacuum tube which is 
covered in the next section).



  

B-004-004: Field-effect transistors (FETs)



  

QUESTION SECTION B-004-005: 
Vacuum tubes (specifically triodes)



  

B-004-005: Vacuum tubes (specifically triodes)

What is a Triode Vacuum Tube?
● A triode is a vacuum tube containing a cathode, a single grid, and a plate, all 

sealed inside an envelope filled with a vacuum (to allow free electron flow 
without air interference).

● The cathode (heated by a filament) emits electrons.  

● The grid (a wire mesh) acts as the control element — a small voltage change on 
the grid controls a large electron flow.  

● The plate (also called anode) collects the electrons and is operated at the 
highest positive voltage in the circuit.



  

B-004-005: Vacuum tubes (specifically triodes)

What is a Triode Vacuum Tube?
● The two elements that carry the main

output current (electron flow) are

the cathode and plate.



  

B-004-005: Vacuum tubes (specifically triodes)

Triodes vs. Transistors – Similarities and Differences
● Both triodes and transistors can amplify signals — that's the key shared feature.

● A triode's characteristics (voltage control of current, high input impedance on 
the control element) are most similar to a field-effect transistor (FET), not a 
bipolar transistor.

● One big reason hams still choose a triode over a transistor: It may be able to 
handle higher power (EX: tubes like the 811A, 572B, or 3-500Z can dissipate 
hundreds or thousands of watts in RF service, far beyond most solid-state devices 
without complex combining).



  

B-004-005: Vacuum tubes (specifically triodes)



  

B-004-005: Vacuum tubes (specifically triodes)

 Ham Radio Context
● Triodes shine in:

● High-power RF finals/linear amps (EX: grounded-grid designs).  
● Vintage receiver/transmitter restoration.  
● Audio stages where "tube warmth" is desired (though debated).
● Modern hams often mix: solid-state for low-power/QRP, tubes 

for high-power SSB/CW.



  

QUESTION SECTION B-004-006: 
Resistors



  

B-004-006: Resistors

Four-Band Resistor ColoUr Code Basics
● Standard four-band resistors are read from left to right (tolerance band is 

usually separated or gold/silver). 

● First band: First significant digit  

● Second band: Second significant Digit  

● Third band: Multiplier (power of 10)  

● Fourth band: Tolerance (% accuracy)



  

B-004-006: Resistors

Tolerance – Precision and Acceptable Range
● Tolerance tells you the guaranteed accuracy. Common values: 

gold = ±5%, silver = ±10%, no band = ±20%.
● Higher precision = lower % tolerance.
● Example: 0.1% is very precise, used in measurement gear.  
● Lowest precision = 20% (old carbon resistors).
● Example: A 100Ω resistor with 10% tolerance can actually be 

anywhere from 90 ohms to 110 ohms.



  

B-004-006: Resistors



  

B-004-006: Resistors

Example Calculation
● Colors: Red (2), Violet (7), Yellow (×10,000 or 10⁴), 

tolerance gold (±5%).
● Value = 27 × 10,000 = 270,000 ohms = 270 kilohms (or 270 kΩ).



  

B-004-006: Resistors

Temperature Effects
● Resistance isn't fixed — it changes with temperature.  The change depends on 

the temperature coefficient (how much resistance varies per degree Celsius, 
often in ppm/°C).  

● Positive coefficient: resistance increases with heat (most metals).  

● Negative coefficient: resistance decreases (some types like thermistors, but 
not typical fixed resistors).

● In ham gear, heat from transmitters or poor ventilation can shift bias or 
tuning — use low-TC resistors in critical spots (ex: oscillators).
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