®
- AMATEUR RADIO -
o 'FUNDAMENTALS *

A Practical Guide to Understanding and
Practlcmg Amateur Radio in Saudi Arabia

ey | A e 5 fa e o, T S RN e ] - Igew
Ny, e - — ) 1
\” o = N 17' ,
= Oman T ar T Ax A aew )
: POWER V:] FIL2 PAMP1 AGC-M  12:00 )
T

NENY

= || ey 14195700 |15

VFO A
BLANK Xir

%
o~ ko —
\’) t i | o
{ I s

@ 7)) HOLD CENT/FIX EXPD/SET

ABDULRAHMAN GHALAB SAAD AL-SHAHRANI

HZ1DG




AMATEUR RADIO

FUNDAMENTALS

FOR BEGINNERS

A Practical Guide to Understanding and Practicing

Amateur Radio in Saudi Arabia

By
Abdulrahman Ghallab Al-Shahrani
HZ1DG

Kingdom of Saudi Arabia

2026 Edition

Updated and Revised Edition

Fundamentals of Amateur Radio for Beginners HZ1DG =« A



4 Abdulrahman Ghalab Saad Al Shahrani « 1443@

Al Shahrani , Abdulrahman Ghalab Saad
AMATEUR RADIO FUNDAMENTALS FOR BEGINNERS
A Practical Guide to Understanding and Practicing Amateur
Radio in Saudi Arabia. /Al Shahrani , Abdulrahman Ghalab
AVEEA ke wed - Saad

VELAJOTYA tpIul A8
AWALT  Fan TP E LT rdlas

Deposit No.: 1448/5378
ISBN: 978-603-06-9344-3

Fundamentals of Amateur Radio for Beginners HZ1DG + B



Copyright © 2026 Abdulrahman Ghalab Al-Shahrani

All rights reserved.

No part of this book may be copied, reproduced, published, distributed,
transmitted, or stored in any form or by any means - whether electronic,
mechanical, or photographic - including photocopying, printing, scanning, or
digital storage, even for personal use, without the prior explicit written permission

of the author.

Any unauthorized use constitutes a violation of copyright and may subject the
offender to legal liability under the applicable laws and regulations of the Kingdom

of Saudi Arabia.

This book is intended for educational and informational purposes in the field of
amateur radio and is based on the laws and regulations in force in the Kingdom of

Saudi Arabia.
First Edition — 2026
Updated and Revised Edition

Kingdom of Saudi Arabia

Fundamentals of Amateur Radio for Beginners Hz1DG -« C



Dedication

To His Highness Prince Bader bin Fahd Al Faisal Al Saud,

Chairman of the Board of the Saudi Amateur Radio Society, In appreciation of his
continuous support and significant contributions to advancing amateur radio in the
Kingdom of Saudi Arabia, empowering enthusiasts, and strengthening the

presence of this field.

His leadership has played a key role in fostering a professional community built on
knowledge, experience, and innovation, and in driving this hobby toward growth

and excellence.

To the members of the Saudi Amateur Radio Society, and to all amateur radio
enthusiasts in the Kingdom of Saudi Arabia—united by passion and connected by
the signal - and to everyone who seeks to explore the world of radio

communication, this work is for you.

Fundamentals of Amateur Radio for Beginners - HzZ1DG =+ D



Acknowledgments

The author extends his sincere thanks and appreciation to His Highness Prince
Bader bin Fahd Al Faisal Al Saud, Chairman of the Board of the Saudi Amateur
Radio Society, as well as to the Society and its members, in recognition of their

continuous support in advancing amateur radio in the Kingdom of Saudi Arabia.

The author also expresses his deep gratitude to the Communications, Space and
Technology Commission, particularly the Frequency Allocation and Licensing
Department within the Spectrum Sector, for their efforts in regulating the use of

the radio frequency spectrum and enabling the practice of this hobby.

Special thanks are extended to Abdallah bin Hamad Al Muzayan 9K2GS for his

support and guidance.

The author also extends his appreciation to:

Dr. Samir Mustafa Khayyat HZ1SK

Eng. Nasser bin Abdulrahman bin Nagshah Al Shahrani

Dhaher bin Saad Al Asmari HZ1DS

Nahw Suhaiman Al Shammari HZ1TL

and to everyone who contributed to the completion of this work.

Finally, the author extends his heartfelt gratitude to his beloved family, whose
unwavering support, patience, and constant encouragement were instrumental in

bringing this work to completion.

Fundamentals of Amateur Radio for Beginners - HZ1DG -« E



About the Author

Abdulrahman bin Ghalab Saad Al Ghalab Al-Shahrani HZ1DG

Secretary General of the Saudi Amateur Radio Society and Chairman of the

Satellite Committee.

An active amateur radio enthusiast with notable contributions to advancing the
field in the Kingdom of Saudi Arabia, including involvement in the AMSAT-HZ

project and satellite communication initiatives.

Former Head of the Ground Station Team for communication with Saudi
astronauts under the Saudi Space Agency programs, contributing to direct

communication sessions with the International Space Station.

Focused on simplifying radio communication concepts and supporting enthusiasts
and beginners, while promoting technical awareness and satellite

communications.

Email: hzldg@hotmail.com

Phone: +966 54 020 8202

Fundamentals of Amateur Radio for Beginners - HzZ1DG -« F


mailto:hz1dg@hotmail.com

Introduction

Amateur radio is an advanced technical hobby that combines theory and practice,
enabling communication over the air through the principles of telecommunications
and electronics. It provides a unique experience based on exploration,

experimentation, and continuous development.

Despite the evolution of modern communication technologies, it remains a
valuable educational field that develops technical skills, enhances practical

thinking, and fosters a collaborative community of enthusiasts.

This book is designed as a practical guide for beginners, presenting the
fundamentals of radio communication in a clear and structured manner, from

basic concepts to operational practices that support confident and effective use.

It also highlights the regulations in the Kingdom of Saudi Arabia, helping readers

understand licensing requirements and operate within approved frameworks.

This work is intended for beginners and enthusiasts alike, offering clear and
accurate content to support learning and facilitate passing the amateur radio
licensing exam, while promoting knowledge and encouraging further exploration

of this field.
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Chapter 1: Introduction to Amateur Radio and Regulation

1.1 The Concept of Amateur Radio

When a user tunes their device to a specific frequency and receives a signal from
a distant station, they are not using conventional means of communication.
Rather, they are engaging with a system based on advanced scientific and
technical principles, fundamentally different from everyday communication

methods such as the internet or cellular networks.

Amateur radio is defined as the use of radio frequencies by individuals interested
in communication technologies for the purposes of learning, experimentation,
and communication, without relying on conventional communication networks

such as the internet or mobile networks.

This hobby is not limited to simply making contacts; it encompasses several

important aspects, including:

Developing knowledge in communication technologies

Conducting technical and experimental activities

Enhancing operating skills

Contributing to communication support during emergencies
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Figure (1-1): Example of radio communication between two stations.

The fundamental principle of this hobby is that it is practiced solely for personal

and scientific purposes, and not intended for any financial gain.

1.2 Components of the Radio Communication System

The process of radio communication relies on a set of elements that work
together to establish communication between stations, as illustrated in the

following figure:

A Practical Guide to Understanding 2026 EDITION
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Figure (1-2): A simplified diagram of the components of an amateur radio station.

The figure illustrates the main components of an amateur station:

o Operator: The person who manages the communication process and

controls the equipment

o Station: The equipment used for transmitting and receiving

o Frequency: The path through which the signal travels

o Signal: The radio wave that carries the information
Successful communication depends on understanding these elements and
handling them correctly, as any issue in one of them may directly affect the
quality of the communication.
In some cases, the equipment may be functioning properly, yet the signal
remains weak.
What factors influence this behavior?

It may be related to the choice of frequency, wave propagation conditions, or
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timing.

1.3 Basic Terminology

1.3.1 Amateur Radio Service

Within this framework, amateur radio communications are practiced as a
regulated service that allows individuals interested in the hobby to use radio
equipment through terrestrial communication or via satellites for the purposes of
self-training, experimentation, and technical communication. This is carried out
under specific regulations that ensure safe use and prevent interference with
other services.
It is a requirement that this service is not used for commercial purposes and
remains focused solely on self-development and technical interest.
Why is licensing required?
Because the radio frequency spectrum is a limited resource shared by multiple
entities, some of which are associated with critical services such as aviation and
emergency communications. Therefore, its use must be carefully regulated.
Licensing aims to:

e Ensure that the user possesses a minimum level of operational knowledge

(technical, regulatory, and behavioral)
« Prevent harmful interference with other services

o Ensure organized and efficient use of the radio frequency spectrum

1.3.2 Amateur Radio License
Before an operator can legally use radio equipment, they must obtain an official

license from the competent authority, the Communications, Space and

Technology Commission, which defines the permitted scope of use.
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This license qualifies the operator to establish and operate an amateur radio
station within specified frequency bands, in compliance with the approved
operating conditions, as outlined in the Amateur Radio Service Regulations and
the associated technical rules and procedures.

Licenses vary among operators, with certain privileges being limited in some

categories compared to higher license classes.

BgiEiig by sPlaiyl dly
Communications, Space &
— Technology Commission

(1) &8 L5lw) Slga duas,) ,CST

Radio Amatura License Class (1)

Jraxd do>| doo

Call Sign: ' reladdl )Ll
National ID/Igama: , 578 : dolBYl / dygg)l @3,
License No: 3 : das)yll @8,
Exp.Date: 01/01/2029 :elgioyl &b

gl o iy paus i Gle Jssasdl SSLwill 53921 dlase Jakiis puwls callaiy @ dlagalo
Note: establishment and operation of wireless station requires a license from CST

Figure (1-3): Example of an amateur radio license with call sign and operator name.

1.3.3 Amateur Radio Station License

An amateur radio station represents the practical environment through which
communications are conducted. A licensed amateur operator is required to
obtain an amateur radio station license in order to establish and legally operate
their own station.

The amateur radio station license is an official authorization issued by the

Communications, Space and Technology Commission in the name of the
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operator, allowing them to establish and operate a radio station in accordance
with approved regulations.

This license includes the technical specifications of the station, such as the type
of equipment, power levels, frequency bands, and operating location. No station
may be operated without obtaining this license and complying with the specified

regulatory requirements.

398 (KLY daasdiad - a1idillg cliadllg cudlaiyl aiLa
(1) 4 ,CST Communications, Space &
Amature Station License S Technology Commission
Class (1) )
Y P-VYCRVCH VY
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Call Sign: HZ1SAR : plaill o L)
License Station No: 123 : Uaaall duai ) a8,
L Jaagall el 2 0
Manufacture’"" | Model _Serial No_
ICOM IC-7000 123456
i= 100 | POWER (W) - (is) 5,4
~ HF/VHF i Frequency / 5
i - =
; ,ﬁ’@ ~ Mobile I Location
(=4 auiill boylguallg dlogll LSLa¥ doss &Y e MYl oS )13] e il
das )l 03 jlao] a5 388 Lo sudilly aSagaiy doidl dyikidll Cilely> Yl

Figure (1-4): Amateur Radio Station License .
An amateur radio station is an integrated system, with the transceiver being its
main component. The license is associated with the station and its approved
components.
A station typically consists of several elements working together, such as:

o Transmitting and receiving equipment

e Antennas

o Associated accessories
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1.4 Operating Regulations

Amateur radio is governed by a set of regulations that must be followed during

operation to ensure proper use of frequencies and organized communication.

1.4.1 Language Usage

To ensure clear communication, a mutually understood language must be used.
English is commonly used in international communications, while Arabic may be

used for local contacts.
1.4.2 Call Sign

The call sign represents the official identity of the station and is used to identify
the operator during communication.
Its use is required:

o At the beginning of a transmission

e Attheend

o Periodically during communication (at least once every 10 minutes)

This topic will be explained in greater detail in a later chapter.
1.4.3 Operating Etiquette

Proper use of frequencies requires adherence to professional conduct that

reflects the nature of this hobby. Key practices include:

Using polite and respectful language

Avoiding interruptions

Respecting others’ turn to speak

Avoiding interference with other stations

1.4.4 Prohibited Activities
Despite the flexibility of this service, there are clear limitations that must be

observed. Prohibited activities include:
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» Broadcasting music

« Engaging in political discussions

o Rebroadcasting content from external sources

e Connecting equipment to the internet for any purpose

» Using frequencies for commercial purposes
1.5 Licensing Requirements

To legally practice this hobby, several basic requirements must be met,
including:

e Minimum age of 18 years

o Passing the required examination

o Compliance with applicable regulations and instructions
1.6 Supporting Organizations for Amateur Radio

Several organizations at both the local and international levels contribute to
supporting and developing amateur radio by organizing activities, spreading
knowledge, and enhancing communication among enthusiasts.

In the Kingdom of Saudi Arabia, the Saudi Amateur Radio Society (SARS) plays a
key role in supporting this hobby. It promotes awareness, organizes events,
supports enthusiasts, and enhances communication among them locally and
internationally. It also contributes to developing technical skills through training
programs and specialized activities, while promoting the regulated use of the
radio spectrum in accordance with approved regulations.

The Society also represents the amateur radio community in national and
international forums and contributes to technical and humanitarian initiatives
that highlight the role of this hobby in serving society. It supports the

development of an integrated technical community based on knowledge sharing
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and experience exchange, helping to raise the level of practice and
professionalism in this field.

It also keeps pace with technological advancements in wireless communications
and fosters partnerships that contribute to the development and visibility of the
hobby both locally and internationally.

There are also specialized initiatives in advanced areas of amateur radio, such as
satellite communications. One of the most notable is AMSAT-HZ, established in
coordination with AMSAT, which focuses on spreading knowledge and supporting
enthusiasts in satellite communications.

At the international level, the International Amateur Radio Union (IARU)
represents amateur radio operators worldwide. It coordinates between national
societies, protects amateur frequency allocations, and represents them in
international forums.

Many amateur radio societies and clubs also exist worldwide, contributing to
knowledge exchange, organizing activities and competitions, and supporting the

technical community of enthusiasts.

Together, these organizations help build an integrated environment that
supports amateurs and enhances the development of this hobby at both local

and global levels.
1.7 Chapter Summary
Amateur radio is based on a combination of technical knowledge and regulatory

compliance. Operators use radio equipment within defined frequency ranges and

under clear regulations.
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Understanding the fundamentals, adhering to operating rules, and being aware of

governing regulations are essential for practicing this hobby correctly and safely.

This understanding provides a foundation for moving to a deeper stage involving
frequency usage and the radio spectrum, and how they affect communication

success—topics that will be covered in the next chapter.
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Chapter 2: The Radio Spectrum and Regulation
2.1 Introduction to the Radio Spectrum

When attempting to establish a radio communication, an operator may notice
that some signals travel long distances, while others fade after a short range—

even when using the same equipment. What determines this difference?

This is primarily related to what is known as the radio spectrum, the medium

through which radio waves propagate between stations through the air.

Frequency is measured in Hertz (Hz), which represents the number of cycles per
second. As the frequency changes, the characteristics of the signal also change

in terms of:

» Propagation range

« Ability to penetrate obstacles

o Type of use (local or long-distance)
Important:
Selecting the appropriate frequency is just as important as the power of the
equipment—indeed, it may be the decisive factor in the success of a

communication.

2.2 Radio Spectrum Allocation

Not all frequency bands are used in the same way; rather, the radio spectrum is
divided into ranges, each with distinct characteristics that influence how it is

utilized. This classification is based on the propagation properties of radio waves,
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such as coverage range, their ability to penetrate obstacles, and their interaction
with atmospheric conditions and the upper layers of the atmosphere. These
ranges are typically categorized according to standardized designations, starting
from Very Low Frequencies (VLF) up to Extremely High Frequencies (EHF), where
frequency increases progressively while wavelength decreases accordingly.

Each frequency band is used for specific applications. Some are suitable for long-
distance communication through ionospheric reflection, while others are used for
short-range, high-capacity communications, such as satellite communications
and modern wireless networks. These bands are allocated according to
international and national regulations to ensure organized usage and to prevent
interference among different services, such as broadcasting, aeronautical

communications, maritime communications, and amateur radio.

Frequency Spectrum

Low Frequency - » High Frequenoy

Radio Spectrum

VLF | LF iF | SHF '

High | Super & Visible
i Light

: Very Low | Low
! Frequency { Frequency

3-30 kHz 30-300kHz  300kHz-9 MHz 3-30 MHz 3030-MHz 53 GHz =300 GHz

3-30kHz 30-300 kHz 300 kHz-3 MHz 3-30 MHZ—3 GHz >300 GHz

F~ipe

Figure (2-1): Radio frequency spectrum showing bands such as HF, VHF, and UHF.

2.2.1 Medium Frequency (MF)

This band includes various broadcasting and communication uses, and contains
the 160-meter amateur band (1.8-2.0 MHz).

A Practical Guide to Understanding 2026 EDITION
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Key characteristics:

e Good ground-wave propagation
e Supports long-distance communication at night

« More affected by noise and interference than higher bands

2.2.2 High Frequency (HF)

Used for long-distance communication, where signals reflect off the ionosphere,
enabling international (DX) contacts.
Range: 3-30 MHz
Performance depends on:
« Ionospheric conditions
o Time of day (day/night)

e Solar activity

2.2.3 Very High Frequency (VHF)
Typically used for local or regional communication, with signals traveling in a
line-of-sight path.

Range: 30-300 MHz
Key characteristics:

o Clear and stable signals
» Requires direct path between stations
o Obstacles (buildings, mountains) can weaken signals

2.2.4 Ultra High Frequency (UHF)

Commonly used in urban environments, where signals interact better with

buildings and obstacles.

g
and Practicing Amateur Radio in Saudi Arabia UPDATED AND REVISED EDITION

AMATEUR RAD‘U | FUNDAMENTALS FOR BEGINNERS A Practical Guide to Understandin 2026 EDITION

m./'\v"'A\/\,/\* =



| A Practical Guide to Understanding and Practicing Amateur Radio in Saudi Arabia BY ABDULRAHMAN AL-SHAHRANI | HZ1DG g

@g | AMATEUR RADIO FUNDAMENTALS FOR BEGINNERS

Range: 300 MHz - 3 GHz

Key characteristics:

o Good performance in cities
o Better obstacle penetration

o Shorter range than VHF in open areas

Comparison of Radio Wave Propagation Mechanisms
Across Different Bands

1) MF 3 VHF 4 UHF
1.8 - 2.0 MHz (160 m) 30 - 300 MHz 300 MHz - 3 GHz

\ONOSPHERE

Ground Wave Propagation lonospheric Propagation Line-of-Sight Propagation Reflection and Diffraction
(Skywave Reflection) (Direct Wave) (Interaction with Obstacles)
(9) ()
L S «g)) f\/\ /\ (‘gD ———————— -
> — Skywave s Line-of-Sight == Reflection / Diffraction
Ground Wave (lonospheric Reflection) - (Direct Wave) » (with obstacles)
HZ1DG

Figure (2-2): Comparison of propagation mechanisms of HF, VHF, and UHF radio waves.

2.3 Amateur Radio Frequency Bands

The radio spectrum is not available for unrestricted use; instead, specific
frequency bands are allocated to different services, including amateur radio.
These bands vary in terms of:

Range

Signal quality
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o Type of use

Selecting the appropriate band is one of the most important factors affecting

successful communication.

Frequency Range (Start — End) License Class

160 m (HF) 1810 — 1850 kHz Class 1 500 W
80 m (HF) 3620 - 3635 kHz Class 1 200w
40 m (HF) 7.0 - 7.2 MHz Class 1 200 W
et SO s B
20 m (HF) 14.0 - 14.35 MHz Class 1 200 W
17 m (HF) 18.068 — 18.168 MHz Class 1 200 W
15 m (HF) 21.0-21.45 MHz Class 1 200 W
12 m (HF) 24.89 — 24.99 MHz Class 1 200w
10 m (HF) 28.0 - 29.7 MHz Class 1 200 W
6 m (VHF) 50.0 - 54.0 MHz Class 1 100 W
2 m (VHF) 144.0 - 146.0 MHz Class 1/ Class 2 50 W
et S B

1.25¢cm

24.000 - 24.050 GHz Class 1/ Class 2 50 W
(SHF)
6 mm (EHF) 47.00-47.20 GHz Class 1/ Class 2 50 W
4 mm (EHF) 77.50 — 78.00 GHz Class 1/ Class 2 50 W
2 mm (EHF) 134.0 - 136.0 GHz Class 1/ Class 2 50 W
1.2 mm

248.0 — 250.0 GHz Class 1/ Class 2 50 W
(EHF)

Table (2-3): Amateur radio frequency allocations in the Kingdom of Saud/i Arabia.

These bands and power limits may vary depending on national regulations.

2.4 Regulation within the Kingdom

The use of frequencies in the Kingdom is strictly regulated by the

Communications, Space and Technology Commission (CST). Frequency
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allocations are defined for each service to ensure organized spectrum use. This

includes:

Frequency allocation
Power limits

Prevention of interference

BY ABDULRAHMAN AL-SHAHRANI 1DG

Important:

Using unauthorized frequencies may cause interference with other services and
is strictly prohibited.

2.5 International Telecommunication Union (ITU)

At the global level, the radio spectrum is regulated by the International
Telecommunication Union (ITU), which establishes the general framework for
frequency allocation among countries.

The world is divided into three regulatory regions:

Region 1

Figure (2-4): ITU world regions.

« Region 1: Europe, Africa, and the Middle East (including Saudi Arabia)

AMATEUR RADIO |

Region 2: The Americas

Region 3: Asia and Australia
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This division affects:
o Available frequency bands
o Usage methods

o Operating privileges

2.6 License-Based Band Access

Operating privileges vary depending on the license class, including:

o Accessible frequency bands

o Permitted power levels
In Saudi Arabia, license classes do not require sequential progression.
Applicants may choose and test directly for the desired class. Upon passing, they
are granted the privileges associated with that class.
Important:
Higher license classes require greater technical and regulatory knowledge due to

broader privileges.

2.7 Transmit Power Limits

Regulations apply not only to frequency use but also to transmission power.
Power limits vary depending on the frequency band and license class (refer to
Table 2-3).
Typical examples include:

e HF bands: up to 200 watts

e VHF bands: up to 50 watts
These limits aim to:

o Reduce interference

o Protect users from potential health risks

o Improve communication quality
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2.8 Operating Notes

To achieve optimal performance, operators should follow best practices such as:
e Listening before transmitting to ensure the frequency is clear
e Selecting the appropriate band based on communication goals
e Considering regulatory differences between countries

A frequency permitted in one country may be restricted in another due to

regulatory differences.
2.9 Chapter Summary

The radio spectrum is the foundation of all wireless communications,
determining signal characteristics and propagation behavior.

Understanding different frequency bands and selecting the appropriate
frequency enables more efficient and stable communication.

This knowledge prepares the reader for the next stage, which focuses on how to
conduct practical communication between stations using different operating

techniques.
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Chapter 3: Operating Fundamentals and Communication

3.1 Introduction to Radio Communication

When pressing the transmit button, an operator may assume that communication
is simply about sending and receiving voice. In reality, successful communication
depends on a set of practices and techniques that ensure clarity and ease of
understanding for the receiving station.
A strong signal alone does not guarantee a successful contact. In many cases,
the operator’s speaking style and organization of communication play a more
significant role in delivering the message accurately.
This highlights the importance of understanding operating fundamentals, which
help the operator to:

e Organize communication

¢ Reduce errors and misunderstandings

e Adapt to varying signal conditions

Summary:

Communication efficiency depends more on the operator than on the equipment.
3.2 Phonetic Alphabet

In some situations, signals may be unclear, or letters may be difficult to
distinguish due to interference. How can the receiving station ensure the
message is understood correctly?
This is achieved by using the phonetic alphabet, where each letter is represented
by a standardized word agreed upon internationally.
Examples:

e A- Alpha

e B - Bravo
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e C - Charlie
When spelling a call sign, this method helps prevent errors. For example:

HZ1SAR is pronounced as:

Hotel Zutu One Sierra Alpha Romeo

Important Note:

The standard words must be used exactly as defined. Substituting them may lead

to misunderstanding and reflects a lack of professionalism.

INTERNATIONAL
PHONETIC ALPHABET "

NATO STANDARD - CLEAR COMMUNICATION WORLDWIDE
Alpha Juliett Sierra

Bravo “ Kilo Tango

Charlie Lima m Uniform

Delta Mike Victor

BE
M |
Echo m November Whiskey
0 |
L
Q|

Foxtrot Oscar X-ray
Golf
Hotel

Papa Yankee

Quebec Zulu

Romeo

Used by pilots, air traffic controllers, v Standard Words
military, radio operators, and maritime (((!))) v Global Usage

worldwide for clear and accurate cl Si Is. A c ieats v Clear & Reliable
communication: ear Signals. Accurate Communication. < Professional Gommunication

Figure (3-1): International Phonetic Alphabet

3.3 Q-Codes

In some cases, an operator needs to convey information quickly, especially
under weak signal conditions or during fast communications. Although Q-codes

were originally developed for Morse code (CW), they are also used in voice and
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digital communications, though less commonly in voice compared to plain
language.
Q-codes are three-letter abbreviations, each with a specific meaning. They can
be used as either a question or a statement depending on context. These codes
help to:

e Savetime

e Reduce effort during communication

e Overcome weak signal conditions

Common examples include:

e QTH - Location

e QSL - Acknowledgment of receipt

e QRP - Low transmit power

e QRG - Operating frequency
Example

Station HZ1SAR sends the following Morse message to station HZ1DG:
e HZ1DG de HZ1SAR your QTH ?
Reply from HZ1DG:
e HZ1SAR de HZ1DG MY QTH ABHA
This example shows how meaning can be efficiently conveyed using abbreviated

codes. It is important to distinguish between similar codes, such as:

¢ QRM - Man-made interference

e QRN - Natural interference
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3.4 Morse Code (CW) and Analysis

Morse code is one of the oldest forms of radio communication. It represents
letters and numbers using sequences of short and long signals:

e Dot (-) = Short tone

e Dash (=) = Longer tone
Despite advances in modern communication methods, Morse code is still widely
used in amateur radio, particularly for long-distance (DX) communication, due to
its high efficiency and ability to operate under weak signal conditions.
Basic Principle
Signals are transmitted using combinations of dots and dashes.

Examples:
o A+ —

e S—>...

Practical Example

e SOS—> o mm—m—u..

= Signal Analysis
Understanding Morse code depends on:

e Distinguishing signal length (short vs. long)

e Recognizing spacing between letters

e Maintaining the rhythm of transmission
Advantages of Morse Code

Works under very weak signal conditions
Requires low transmit power

Highly effective for long-distance communication
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Note:

BY ABDULRAHMAN AL-SHAHRANI

Mastering Morse code requires continuous training in listening and recognition

and is considered a professional skill in amateur radio.

Sr~X«—ITOmMmmoOOwW>

N<X=S<C—-H0LxOUTUTO:=

o

~N OO O B W N -

PUNCTUATION

¢ -0~ - PERIOD

5 -——e -~ COMMA

P @m0 QUESTION MARK

! -0 — 0 = = EXCLAMATION MARK
/ -0 0 -0 SLASH

( -0 —— OPEN PARENTHESIS
) =—e==—e- CLOSE PARENTHESIS
& e—00o AMPERSAND

. —-———0e COLON

: -0 =0 =0 SEMICOLON

= -0 0 - EQUALS

+ o =0 -0 PLUS

- =000~ HYPHEN / MINUS
- 00— =0 UNDERSCORE
om0 QUOTATION MARK
$§ eee—ee—  oumrsEN

@ o—-—=0-0 AT SIGN

HZ1DG

Figure (3-2): International Morse Code

3.5 Signal Reports

During a contact, each operator needs to evaluate the quality of the received

signal. How can this be expressed clearly and concisely?

This is done using signal reports, which provide a numerical description of signal

strength and readability.
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3.5.1 Voice Communications

The report consists of two numbers:
e First digit: Readability

e Second digit: Signal Strength

= Readability Scale

Value Description

1 Unreadable

2 Barely readable

3 Readable with difficulty

4 Readable with slight difficulty
5 Perfectly readable

Figure (3-3): Readability Scale

= Signal Strength Scale

Value Description

1 Very weak

2 Weak

3 Weak to moderate
4 Moderate

5 Fairly good

6 Good

7 Strong

8 Very strong

9 Extremely strong

Figure (3—4): Signal Strength Scale
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Examples
« 59 - Strong signal, perfectly clear audio

« 33 - Weak signal, poor readability

3.5.2 CW and Digital Communications (RST System)

In Morse code (CW) and digital modes, the RST system is used by adding a third
value:

¢ R (Readability)

e S (Strength)

e T(Tone)

e Tone Scale (CW)

Value Description
1 Very poor
3 Unstable

5 Average

7 Good

9 Pure tone

Figure (3-5): Tone Scale

Examples
« 599 - Very strong signal, excellent readability, pure tone
« 232 - Weak signal, poor readability, unstable tone

Important Note:
Do not give higher reports than actually received out of courtesy. Accurate

reporting helps the other operator improve their transmission.
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3.6 QSL Confirmation

After completing a contact, operators may wish to confirm it for personal records
or participation in amateur radio programs.

This is done using QSL, which confirms that a contact has taken place.

Confirmation methods include:

Paper QSL cards
Electronic systems such as Loghook of The World (LoTW)

A QSL serves as official proof of the contact.

SAUDI ARABIA

KINGDOM OF SAUDI ARABIA

X
QTH Locator
LL18ii
@ ITU Zone
39
(t)) CQ Zone
21

~ AMATEUR RADIO STATION —

(!T)) IARU Region
i

73 FROM SAUDI ARABIA!

TO RADIO: THANK YOU FOR THE CONTACT!
CONFIRMING OUR QSO / SWL REPORT :(;’:)Zst: E‘;f:s;’;z ;"g;“:e;gl"“ oniieain
in, 73!
DATE TIME ‘ I RST RST FREQ. = *
DD/MM/YYYY | UTC ‘ Bany ‘ RIODE SENT RCVD MHz @ asLVIA 4 aTH o
S eUR A\
[] Direct Saudi Arabia // \QEUR ’940/\
[C] Bureau B9 E-MAIL /v- ((( ))) O\\
hzldg@outlook.com \ * ) * |
[J eQsL \n% % ) |
. S
Ellotw \ g Tv\“y
\‘v

[Jpseast  [] TNXxaQsL 7} it HZIDG

OPERATOR

HAM RADIO - FRIENDSHIP - TECHNOLOGY - SERVICE 73 & BEST DX!

Figure (3-6): QSL Card.
3.7 Basic Operating Practices
With experience, operators learn how to manage communication more

professionally. A skilled operator is often recognized by practices such as:

e Listening before transmitting to ensure the frequency is clear
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e Using the call sign appropriately
e Speaking clearly and at a moderate pace

e Allowing pauses for others to respond

3.7.1 Common Mistakes

Using phrases such as “Break Break” !! unnecessarily should be avoided.

This expression is reserved for emergency situations only.

Interrupting an ongoing contact without valid reason is considered
unprofessional and negatively affects communication quality.

Important Note:

You represent your country over the air—always maintain a professional and

respectful conduct.

3.8 Calling Procedure

When initiating a contact, a general call is used:
CQ CQ CQ This is (your call sign) calling and standing by
This type of call is used to attract the attention of other stations.

A reply typically includes the called station’s call sign followed by the responding

station’s call sign.

3.9 Chapter Summary

Successful radio communication does not depend solely on equipment, but

largely on operating skills and adherence to established practices.
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Using proper tools—such as the phonetic alphabet, Q-codes, and signal reports—

ensures clear and effective communication.

Following proper etiquette and operating practices reflects professionalism and

directly impacts the overall communication experience.

Amateur radio operators act as ambassadors of their countries over the air;

therefore, maintaining a positive and respectful image is essential.

Chapter 4: Call Signs and Countries
4.1 What is a Call Sign?

While monitoring frequencies, an operator may notice that each station begins
with a unique combination of letters and numbers. What is the purpose of this
sequence?
This sequence is known as a call sign, which serves as the primary identification
of a station during communication. It ensures that each operator is uniquely
identified in an organized and standardized manner.
Call signs are not only used for identification but also play a key role in organizing
communications and accurately distinguishing stations during operation.
4.2 Structure of a Call Sign
A call sign typically consists of several parts, each with a specific meaning;:

o Prefix: Indicates the country

« Number: Often represents a region or license classification within the

country (varies by national regulations)

« Suffix: Uniquely identifies the station, similar to an individual ID
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m umber Suffix
Identlfles Indicates the Uniquely
the country primary category identiries the

station
/Z1DG

Figure (4-1): Components of a Call Sign

Failure to understand the components of a call sign may make it difficult to

identify the source of the signal.

4.3 International Prefixes

In many cases, an operator can identify the country of a station simply by hearing
the beginning of its call sign. How is this possible?
This is due to the allocation of international prefixes for each country, based on a

globally standardized system. Examples include:

e HZ/7Z ] 8Z - Saudi Arabia
« K /W /N - United States
« G - United Kingdom

« JA - Japan
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RADIO CALL SIGN PREFIXES

FOR ARAB COUNTRIES AND MAJOR COUNTRIES

ARAB COUNTRIES

MAJOR COUNTRIES

BY ABDULRAHMAN AL-SHAHRANI

COUNTRY FLAG COUNTRY | CALL SIGN PREFIX
SAUDI ARABIA HZ /72182 UNITED STATES OF AMERICA K/WIN L=
UNITED ARAB EMIRATES A6 [ — CANADA VE / VA I"l
KUWAIT 9K [ — ‘
QATAR A7 T RUSSIA R/UA/UB e
OMAN A4 % JAPAN JA ®
BAHRAIN A9 :
JORDAN Jy [+ - CHINA BY/BA
SYRIA YK ) TURKEY TA &
LEBANON oD - -
MOROCCO CN - ARGENTINA LU
IRAQ YI [
ALGERIA 7X [ 3 b PY
EGYPT su ] AUSTRALIA pre. s
TUNISIA 7T VK ol
SUDAN TS = MEXICO XE B |
MAURITANIA 5T ==
YEMEN 70 — SOUTH AFRICA A D=
\_LIBYA 5A b

.

Figure (4-2): Examples of international prefixes

Example

If the call sign A71XX is heard, the country can be identified from the prefix.

In this case, the station is from Qatar.

4.4 Use of Call Signs in Communication

Call signs must be used correctly during communication according to specific

rules, including:

« Stating the call sign at the beginning of the contact

« Statingit at the end of the contact
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o Repeating it periodically during the contact (at least once every 10

minutes)
A general calling format is:
CQ CQ CQ This is (your call sign) calling CQ and standing by.
When responding:

(Call sign) this is (your call sign)...

4.5 Practical Example of Call Sign Usage

Voice Contact Example

Station 1 (Saudi Arabia - HZ1DG):

CQ CQ, this is HZ1DG, Hotel Zulu One Delta Golf, calling CQ and standing by.
Station 2 (Kuwait — 9K2GS):

HZ1DG this is 9K2GS, good evening. You are 59 in Kuwait. My name is Abdullah,
I’'m from Kuwait City. HZ1DG this is 9K2GS, back to you.

Reply (Saudi station):

9K2GS this is HZ1DG, good evening Abdullah. Nice to meet you. You are 59. My
name is Abdulrahman, I'm from Abha. Thank you for the contact, 73.

Closing (Kuwaiti station):

HZ1DG this is 9K2GS, thank you Abdulrahman. Nice to meet you, 73.

In this example, Q-codes are not used. In voice communication, plain language is

generally preferred, although Q-codes may be used when necessary.
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4.6 Special Suffixes

In some cases, special suffixes are added to a call sign to indicate a specific

operating condition, such as:

/P - Portable operation

« /M - Mobile (vehicle)
« /MM - Maritime mobile (at sea)
« /AM - Aeronautical mobile (aircraft)

These suffixes provide additional information about the station’s operating

status or location.

s N

(@ SPECIAL SUFFIXES IN A CALL SIGN B)

In some situations, special suffixes are added to a call sign to indicate a specific operating condition.
These suffixes help provide a clearer understanding of the station’s location or status during communication.

Mobile Operation

l Mobile (Vehicle)

Portable Operation
Portable

Maritime Mobile Operation Aeronautical Mobile Operation
Maritime Mobile

Aeronautical Mobile

¥ M @E@}E

J

& HZ1DG/AM )

Used_ when _operatir}g ﬂ.'le Used when operating the Used. when operating the Used when operating the
station while carrying it <tation while in:avehicle: station on a sea vessel station on an aircraft.
or at a temporary location. | | or boat.

((())) These suffixes help other operators quickly understand

your operating conditions and location.

.

Figure (4-3): Examples of special suffixes
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4.7 Relation to Licensing
Call signs play a fundamental role in organizing communications by:
o Clearly identifying stations
e Structuring communication
e Reducing confusion between operators
« Facilitating contact logging and documentation
4.8 Chapter Summary
A call sign serves as the official identity of a station and follows a structured
system that allows easy identification of the signal source.
Understanding its components, recognizing international prefixes, and using call
signs correctly during communication are essential skills for any radio operator.

This knowledge prepares the reader for the next important topic: radio wave

propagation and its impact on communication performance.
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Chapter 5: Wave Propagation

5.1 Introduction to Wave Propagation

When using the same equipment and transmit power, an operator may
sometimes communicate with stations thousands of kilometers away, yet fail to
reach nearby stations. Why does this happen?

It is not always related to transmit power, but rather to how radio waves
propagate through the atmosphere. This propagation is influenced by multiple
factors that determine signal range and quality.

Understanding wave propagation is therefore an essential operating skill, not just

theoretical knowledge.

Why Does Signal Propagation Vary?

Propagation depends on several factors, including:
e Operating frequency
e Environment (urban areas, mountains, sea)
e Time (day/night)
e Atmospheric conditions
e Solar activity

This is why radio communication is dynamic and constantly changing.
5.2 Types of Wave Propagation

Radio waves do not propagate in a single way; their behavior varies depending on

frequency and environment.
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5.2.1 Ground Wave

At lower frequencies, waves tend to follow the Earth's surface, allowing

relatively short-range coverage.
Characteristics:

o Can bend around some obstacles
» Relatively stable performance

o Used for local communication
5.2.2 Sky wave

In bands such as HF, waves behave differently. They are reflected by the

ionosphere and return to Earth, enabling long-distance communication.

S KYWAVE P RO PAGATI 0 N ’ In HF bands, radio waves behave differently. ( )
They are reflected by the ionospheric layers
and return to Earth, enabling long-distance
(Sky Wave) ilen

communication.

Radio waves are reflected by

the ionosphere and return to Earth
HOW DOES IT WORK? |

* The radio wave leaves the

lonospher: e :
onosphere transmitting station.

(lonosphere)
Second ~ e |t travels upward to the
Reflection ionospheric layers.

¢ It is reflected by one of the layers
(especially the F2 layer).

: « It returns to Earth at a distant
)

location.

» This process can repeat several
4 : times, which is called “Hops".
Transmitting Station 223 Receiving Stat AN —

at a distant location (

Hops are the number of times

/ % LEGEND the wave reflects between

IMPORTANT INFORMATION the Earth and the ionosphere.

~ ~”
- «= * Skywaves are the main basis for long- Transmitting Station Th h h K
N distance communication in the MF and HF . ) e more hops the wave makes,
s bands. Receiving Station the farther the signal travels.

e Used in international and amateur radio lonosphere '
communications (Amateur Radio). ; p&
« Affected by solar activity and the condition N ! Wavf} Fath Z
& / (Radio Wave / Sky Wave)
of the ionosphere. J

Figure (5-1): Sky wave reflection via the ionosphere
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Signals may bounce multiple times between the Earth and the ionosphere,

known as hops, allowing international (DX) communication.

5.3 The Ionosphere

Wave reflection depends on atmospheric layers, each affecting propagation
differently.
Key layers include:

« D Layer: Absorbs signals, especially during daytime

o E Layer: Reflects some frequencies, useful for medium distances

o F Layer (especially F2): Responsible for long-distance (DX)communication

The ionosphere is a part of the Earth’s
T H E I o N OS P H E R E atmosphere that contains ionized gases

(plasma) and is ionized by solar ultraviolet

radiation, which results in the absorption

( H @ ﬂ @ 5 p h @ W@) of ultraviolet rays.

IONOSPHERIC LAYERS

Reflection from «‘» Active during daytime
F2 layer »
Upper part of the F region (long distance) Absorbs some radio signals,
= 250 - 400 km a / e especially during the day,
which reduces the VAV A VAV,
F Layer (F1) communication range.

~ 150 - 250 k -
y W Reflection from

E layer E Layer
E Layer _(medium distance) y

290 -150 km ———7"" > Helps reflect some radio 0-0-0-0-0-0-0-0-0-0
Absorption i frequencies. Useful for sis wieie

D Layer medium range

P0) _Jgo km \ communication.

(

< 2 The F2 layer in particular
Receiving Station : plays the most important
(medium distance) Receiving Station role in reflecting radio waves
(long distance) and enabling long-distance
communication around

LEGEND \ the Earth.
IMPORTANT INFORMATION:

* Wave reflection is not random, but depends on the
existing ionospheric layers.

== Radio Wave Path
: lonized Gases (Plasma)

« Each layer has a different effect on radio wave

(=] [
- &= lonospheric Layers
propagation. [e==]

Figure (5-2): Ionospheric layers and their effects on propagation
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Why Do Some Signals Improve at Night?

Because the D layer weakens, reducing signal absorption.
5.4 Maximum Usable Frequency (MUF)

When selecting a frequency, some signals reflect back to Earth, while others
escape into space.
The highest frequency that can be reflected is called the Maximum Usable
Frequency (MUF).
If this frequency is exceeded:

e The wave will not reflect

e It will continue into space

e Communication will fail
MUF depends on:

e Solar activity

¢ Ionospheric conditions

e Ultraviolet radiation levels

Using higher frequencies does not always mean better performance.
5.5 Skip Distance

Sometimes, signals are not received at nearby locations but reappear at greater
distances.
This is known as skip distance, caused by ionospheric reflection returning the

signal to Earth at a distant point.
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Figure (5-3): Illustration of skip distance

A distant station may be clearly received while a closer one is not.
5.6 Maximum Single-Hop Distance

When HF waves are transmitted toward the ionospheric layers at an appropriate
angle, the wave undergoes a gradual refraction phenomenon due to changes in
electron density, causing it to return toward the Earth’s surface.

A single hop represents the distance between the transmission point and the first
point at which the wave returns to the Earth after being refracted by the
ionosphere. This distance depends on several factors, most importantly the angle
of transmission, the signal frequency, and the height of the ionospheric layer.
Upon reaching the Earth, the wave may be partially reflected and return back to
the ionosphere, leading to a repeated process known as multi-hop propagation.
This phenomenon enables the signal to travel over very long distances,

potentially reaching thousands of kilometers.
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Figure (5-4): Multiple wave hops

Higher reflection layers result in longer distances on Earth.

Layer Approx. Height  Single-Hop Distance Typical Use
ELayer 90-130km 500-1500 km Short to medium range
F1Layer 150-220km  1000-2500 km Medium range (daytime)
250-400+
F2 Layer 2000-4000+ km Long-distance (DX)
km
Figure (5-5): Approximate hop distances by layer

Increasing the number of hops extends range but may reduce signal quality.

5.7 Effect of Solar Activity

Solar activity plays a major role in radio wave propagation, requiring operators to

monitor it regularly.

When Solar Activity Increases:
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e Increased ionization
e Improved propagation conditions
e Higher frequencies become usable
e Greater long-distance communication opportunities
When Solar Activity Decreases:
e Weaker reflections
e More difficult communication
Important Note:
Solar conditions can change rapidly, significantly affecting performance within
short periods.

5.8 Dellinger Effect

This phenomenon is caused by sudden solar flares, leading to ionospheric
disturbances.
It may result in:
e Weak signals
e Temporary communication loss
e Sudden degradation in performance
This can occur even if communication was previously stable.
5.9 Operating Tips
To better understand propagation, operators should:
e Choose frequencies based on time (day/night)
e Try different bands when signals are weak
e Monitor solar activity

e Expect changing conditions throughout the day
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Often, improving communication is not about increasing power, but selecting a

better frequency band.

5.10 Chapter Summary

Successful radio communication depends largely on wave propagation, not just
transmit power or equipment quality.

Understanding ionospheric layers and concepts such as MUF and skip distance
enables better operating decisions.

This knowledge prepares the reader for the next advanced topic: antennas and
transmission systems, which play a key role in directing and optimizing signal

performance.
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Chapter 6: Electronics Fundamentals

6.1 Introduction to Electronics

Radio equipment relies on electronic circuits that convert, process, transmit, and
receive signals. To understand how these devices work, it is essential to learn the
fundamental concepts of electronics, which form the basis of any communication
system.
When working with electronic circuits, an operator may notice that some circuits
perform efficiently, while others behave differently despite having similar
components. So, what determines the behavior of these circuits?
This is governed by four fundamental elements:

o Voltage

e Current

e Resistance

e Power

These relationships can be understood through a simple analogy:

Voltage represents the force that pushes electrons through a circuit.

Current represents the flow of these electrons due to that force.

Resistance regulates and controls this flow.

Power represents the amount of energy consumed or transferred as a

result of the interaction of these elements.
6.1.1 Voltage
The force that drives electric charges through a circuit.

Unit: Volt (V)
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6.1.2 Current

The flow of electric charges through a conductor.

Unit: Ampere (A)

6.1.3 Resistance

The opposition to the flow of current in a circuit.

Unit: Ohm (Q)

6.1.4 Power

The amount of electrical energy consumed or produced in a circuit due to current
flow under the influence of voltage.

Unit: Watt (W)

The relationship between these values is fundamental to understanding any

electrical circuit.
Example:

If voltage =12 V and current = 20 A:
P=VxI=12x20=240W

This shows how power is calculated in electrical circuits.

6.2 Ohms Law

If any two of the three elements (voltage, current, resistance) are known, the

third can be calculated. This is expressed by Ohms Law:

E=1XR
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Where:

E = Voltage

I = Current

R = Resistance

This law is used for:
o Calculating circuit values
e Troubleshooting faults

e Understanding component behavior

6.3 Power and Decibels (dB)

Power is not always expressed directly. Instead, the decibel (dB) scale is used to

measure relative changes in power or voltage.

Element Formula Example Result
Power dB = 10 logio(P2 / P1) 10W->40W +6 dB
Voltage dB = 20 log1o(V2 / V1) 10v->40V +12 dB

Figure (6-1): Decibel (dB) formulas and examples for power and voltage

This shows that the relationship between electrical values and decibels is
logarithmic, not linear.
o Increasing power by 4x results in +6 dB
e Increasing voltage by 4x results in +12 dB
Practical Example (TX Power Increase)
Assume a transmitter output increases from 10 W to 40 W:
e dB =10 logi(40/10)

e dB=10 log1o(4)
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e dB=10x0.602=6dB
e IOW—->40W=+6dB

Conclusion:

Increasing power from 10 W to 40 W (x4) equals approximately +6 dB,
confirming that the relationship between power and dB is logarithmic, not linear.

Think about it: How can we convert dB back into a power ratio?

When using a power of 16 W with a gain of 12 dB:
New Power = 256 W

9 Convert dB to Power Ratio: 6 Calculate New Power:

- We use the formula:

A\ Input Power (Pin): G } = , dB

16 W ﬂ-_.‘u)% Pout = Pin X 10 10
Pin

/
/

; Sa: Pout = 16 x 15.85
Gain: P 12 out .
U 21070 =10"2 ~15.85

Pout = 256 W

Key Ildea:
Input Power e e— ¥ An increase of 12 dB means the power

is multiplied by approximately 16 times.

16 W » H . p— } Therefore, 16 W becomes 256 W.
[ (

y

GAIN=12dB |

This is a theoretical calculation. In reality,
power is always less due to losses. (Losses)

2126

Figure (6-2): Example of Power Calculation Using Decibels (dB)6.4 Electronic Components

6.4.1 Resistance

A resistor is used to control the flow of current in a circuit. The higher the
resistance value, the lower the current; and the lower the resistance, the higher

the current.
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To determine the resistance value, a color-coding system is used, represented by
colored bands on the body of the resistor. Each band corresponds to a specific

value according to a defined sequence.

RESISTOR AND HOW TO READ ITS VALUE

A resistor is an electronic component used to limit or control the flow of electric current in a circuit.
Its value is measured in ohms (Q).

1st Digit 2nd Digit Multiplier Tolerance
(Band 1) (Band 2) (Band 3) / (Band 4)

RESISTOR COLOR CODE TABLE ™~

1st DIGIT 2nd DIGIT MULTIPLIER TOLERANCE
o o x 10° (1) s
1 1 x 10 (10) +1%
2 2 = 102 (100) +2%
| 3 3 x 10% (1K) ]
YELLOW ‘ a a x 10* (10K) =
GREEN 5 5 x 10° (100K) +0.5%
BLUE 6 6 x 10° (1M) +0.25%
VIOLET 7 7 x 107 (10M) +0.10%
GRAY 8 - 8 x 10° (100M) +0.05%
WHITE ° o = 10° (1G) -
GOLD = = x 107" (0.1) +5%
SILVER = = x 1072 (0.01) +10% ,
N =/
[ EXAMPLE: ] E
BAND 1 (BROWN) = 1
7 - BAND 2 (BLACK) = 0
BAND 3 (RED) = x 102 (100)
. BAND 4 (GOLD) = +5%
[ RESISTANCE VALUE = 10 x 100 = 1000 Q + 5% ]

Read the resistor from left to right.

4
The last band (gold or silver) represents the tolerance. G
If the tolerance band is missing, the tolerance is +20%. H Z 1 D

The five-band color code includes the first three bands for /
\ significant digits and the fourth for the muiltiplier.

NOTES:

J

Figure (6-3): Resistor Color Code System and Value Calculation

During current flow through a resistor, part of the energy is dissipated as heat,

which causes the resistor’s temperature to rise during operation.
6.4.2 Capacitor

A capacitor is an electronic component used to temporarily store electrical
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Energy in the form of an electric field, and then release it when needed within the

circuit.

A capacitor consists of:

« Two conductive plates

e Aninsulating material between them called the dielectric

When connected to a power source:

o Charges accumulate on the plates
o An electric field is formed between them

o Energy is stored within this field

ol -
CAPACITOR - STRUCTURE & SYMBOL
Lead Wire fi il
a (Conductor)
Conductive Plates
(Connected)
e’
Dielectric = —
(Insulating ‘l
Material)
BASIC STRUCTURE OF A CAPACITOR
SCHEMATIC SYMBOL
(CAPACITOR) = =
G REAL CAPACITOR
&’Df (EXAMPLE: 104 = 100nF)
|- S

Figure (6-4): Basic structure of a capacitor and its schematic symbol

In some circuits, changing the capacitance value alters circuit behavior,

especially frequency.
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Key properties:

o Increasing capacitance - decreases frequency
o Capacitive reactance decreases as frequency increases
o InDC circuits = reactance becomes infinite after full charge, preventing

current flow

Capacitive reactance varies with frequency, as shown below:

LOW FREOUENCY

LOW FREQUENCY ) HIGH FREQUENCY S
o _

ﬁ— —

Capacitive
Reactance (Xc)

Reactance Reactance
__T IsHIGH T Is LOW

Capacitive
Reactance (Xc)

Frequency (F) Frequency (")

>
& 4

AS FREQUENCY INCREASES,
CARACITOR REACTANCE DECREASES.

N
N
N

Figure (6-5): Variation of capacitive reactance with frequency

6.4.3 Inductor
An inductor stores energy in the form of a magnetic field.
Properties:

e Inductance increases when using an iron core

o In parallel connection, the total inductance decreases
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Figure (6-6): Inductor, magnetic field, and symbol

6.4.4 Diodes
Diodes are used to control voltage or signals.
Types:
e Zener Diode: Maintains a constant voltage
e Varactor Diode: Capacitance varies with voltage — used for frequency

control

Diodes

— P} — Pl — — =

Standard Diode Zener Diode Varactor Diode

+>=— +E— +”i—
Hz105

Figure (6-7): Diodes and their main types
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6.5 Resonance in Circuits

In some cases, a circuit reaches a balanced condition known as resonance.
This occurs when:
Capacitive reactance equals inductive reactance

At this point, the circuit operates efficiently at a specific frequency.

A Resonant freauency

lmoedance (2)

>
fo  Frequency (f)

Figure (6-8): Resonance curve and its relation to frequency

6.6 Practical Circuit Applications

The varactor diode is used for frequency control in certain circuits, as its
capacitance varies with the applied voltage. This allows electronic tuning of
frequency without the need for mechanical components. This principle is utilized

in some radio equipment to achieve precise and rapid frequency adjustment.

In some circuits, the varactor diode is used within a Voltage-Controlled Oscillator
(VCO), where the output frequency is varied by changing the voltage applied to
the diode. This results in a change in its capacitance, and consequently, a change

in the circuit frequency.
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Frequency Control:

VOLTAGE CONTROLLED OSCILLATOR (VCO)

. . . . . @
The VCO generates an oscillating signal whose frequency is controlled by a voltage input (Control Voltage). © supply Voltage (veC)
Provides DC power to the circuit.
o Supply Voltage 3 ) 5
(Vee) © Output Capacitor @ Base Bias Resistor
P (DC Block) Sets the base bias voltage.
1 i (Passes AC signal © Enmitter Bias Resistor
o Collector Resistor and blocks DC) Stabilizes the operating point.
(Limits collector 3
9 Base Bias current) ¢ l l O @ o ﬁol!:c::r RelTnsl(or t
. Imits the collector curren
Re45|5t°',' Output and affects gain.
(Provides bias ) u .pu
to the transistor e Transistor o Inductor (L) 0 Variable Capacitor (RF Signal) | @ Transistor (Amplifier)
base) (Amplifier) (Part of the (Varactor Diode) Provides amplification and
(Provides gain tank circuit (Changes capacitance sustains oscillation.
for oscillation that determines with control voltage, 0 Emitter Bypass Capacitor
[ resonant thus changing Improves AC gain by bypassing
frequency) frequency) the emitter resistor for AC signals.
3 o Inductor (L)
Works with the varactor to form
m Control Voltage Input (CF) the resonant tank circuit.
= (Adjusts varact?r c‘apacitance 0 Variable Capacitor (Varactor)
0 Emitter Bias @ Emitter Bypass and controls oscillation frequency) f::{:ﬁfi ;i:;:“ance with
Resistor Capacitor g
(Stabilizes bias (Increases AC gain Control Voltage 0 Output Capacitor (DC Block)
current) by bypassing emitter Adjust (CF) Blocks DC and passes AC signal
resistor for AC) (Variable DC voltage tothe output.

from 0 to VCC) @ Output (RF Signal)
— The generated RF signal output.

m Control Voltage Input (CF)
Controls the varactor capacitance.

(D Control Voltage Adjust (CF)

.

The transistor amplifies the signal.

g S v Adjusts the control voltage level.

¢ ThelC .tanlf circuit (Inductor + Varactor) determines o The frequency increases when the varactor capacitance decreases. J
the oscillation frequency.

* Changing the control voltage (CF) changes the o The frequency decreases when the varactor capacitance increases.
varactor capacitance. . o " o, , , Z 1 D

* This changes the resonant frequency, thus controlling o Used in radios, FM tran.smltters, ELS circutts, /-
the output frequency. and frequency synthesizers.

N J

Figure (6-9): Voltage Controlled Oscillator (VCO)

Signal Filtering

Filtering is performed using a Low-Pass Filter to reduce harmonics.

When a signal is transmitted from an HF device:

o Itis not perfectly pure
« It contains the fundamental frequency plus higher frequencies

(harmonics)

Other filters include:

o Notch Filter: Used to suppress an unwanted frequency (e.g., removing

interference in SSB signals)
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Example:

If transmitting on 7 MHz, signals may also appear at:

e 14 MHz
e 21 MHz

e andsoon

BEFORE LOW PASS FILTER AFTER LOW-PASS FILTER

HARMONICS

HF RF

e ~AVAVAN
il CLEAN HF/
g et e <+  SIGNALY/

LOW-PASS FILTER

REMOVES HARMONICS ‘#Z/‘?Dﬁ

Figure (6-10): Effect of a Low-Pass Filter in removing harmonics

TRANSMITTER

Resonant Circuits

Used to select a desired frequency:
They allow the desired frequency to pass at resonance while reducing other

frequencies.
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— USES OF RESONANT CIRCUITS ——

Frequency Selection and Tuning

RLC CIRCUIT CIRCUIT FREQUENCY RESPONSE

Series RLC Circuit Vout
Passes the desired frequency
R L 63 4 (at resonance f,)
I—O |
1 ﬁ |
| |
| Attenuates ! Attenuates
2 % (Output | .
1 The CIrCuItA Anal) owr | higher
V. V. passes the desired frequencies i frequencies
in out frequency (at f,) i
: and attenuates \ | /
| frequencies above :
. and below it. |
o . B
L »
— 0 fO Frequency (f)
. \

Resonant circuits are used to select a specific frequency (f,)

| (O/b) and attenuate the effect of other frequencies. HZ]DG
%\/J\r\,‘

. S

Figure (6-11): Resonant circuits and frequency selection

6.7 Measurement Instruments

These devices help operators analyze signals and evaluate station performance,
improving communication quality and reducing interference.
e S-Meter: Measures relative signal strength
e Dip Meter: Indicates and determines resonance frequency
e SWR Meter: Checks impedance mismatch between antenna and
transmitter
e Spectrum Analyzer: Displays signal amplitude versus frequency to analyze
signals and detect interference and harmonics
These tools help identify problems and improve transmission and

reception performance.
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AN S-METER

SIONAL STRENGTH METER

s5 S7 S9 +10 ,

RELATIVE
SIGNAL
STRENGTH

Measures the received
signal strength | )
relatively..

USED IN RECEIVERS

to chow the strength ot
the incoming signal.

(FscaLE
STTO S9
+dB

Higher readings
ndieate a stronger
signal.

W06

Figure (6-12): An S-Meter and signal reading

RESONANCE FREQUEN

&

Resonance Frequehcy Detector

A tool used to determine

o of LC components.

the resonance frequency \ \

1 1 Where:
f e e i e fo : Resonance frequency (Hz)
0 21 LC L :Inductance (Henrys)

C : Capacitance (Farads) J

At the resonance frequency (f;), the circuit exhibits maximum response.
This device helps you accurately find that frequency for any LC combination.

@

CY METER

/ Nulg

Min

( @.}% !

Figure (6-13): Dip Meter for resonance frequency measurement
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SPECTRUM ANALYZER

Signal Display and Measurement

RF SIGNAL GENER "

RBW 100 kHz
Ref 0 dBm  Att 10 dB é\?v\l;{ 180mk$Hz i 3 SPECTRUM DISPLAY

Mkr1 100.000 MHz

Y . -10.23 dBm
100.000 :
MHz I -

FREQ LEVEL

Amplitude (dBm)

-80

-90

= caaiedl 99000 100000  101.000
°F CABLE

ON/OFF b 5 A Ji Frequency (MHz)

SPAN  AMPTD

Amplitude (dBm)

zontal): Frequency (MHz)
ical): Amplitude (dBm)
Desired signal (at 100.000 MHz)

s: Unwanted signals or harmonics

S -
Start 99.000 MHz Center 100.000 MHz  Stop 101.000 MHz
(Span 2.000 MHz)

Frequency (MHz
4 ) Background noise level

EXPLANATION: KEY MEASUREMENTS:

The figure shows an RF signal generator 0 .
set to 100.000 MHz connected to a ,’D Fequency: 100-000/MH=

spectrum analyzer via an RF cable. A1) Amplitude: -10.23 dBm
The spectrum analyzer displays the
signal spectrum, where a peak appears 1) Span: 2.000 MHz <

at 100.000 MHz with a level of
-10.23 dBm. This helps in measuring

frequency, power, bandwidth, and SWT (Sweep Time): 10 ms
analyzing signal quality.

b14

RBW (Resolution Bandwidth): 100 kHz

Figure (6-14): Signal display using a Spectrum Analyzer

SWR-METER

STANDING WAVE RATIO METER

MONITORS STANDING
WAVE RATIO (SWR)

MEASURES
TRANSMISSION EFFICIENCY

FININ ™ REF

FROf\; TRANSCEIVER A SWIQ-METER = m
PT w\uo SUPR i REE ( o/
:1 A _‘i_ (- | 1000y CAL b

TO ANTENNA

15381 2051 3. 1E

IS YOUR SIGNAL BEFLECTED?
LOW:SWR — GOOD EFFICIENCY ..

Figure (6-15): SWR Meter and transmission efficiency monitoring

AMATEUR RADIO | FUNDAMENTALS FOR BEGINNERS bt o i g B3<obrion

and Practicing Amateur Radio in Saudi Arabia UPDATED AND REVISED EDITION

VAVAVA




@ | AMATEUR RADIO FUNDAMENTALS FOR BEGINNERS
é | A Practical Guide to Understanding and Practicing Amateur Radio in Saudi Arabia BY ABDULRAHMAN AL-SHAHRANI 1DG 4 ‘

6.8 Signal Control in Receivers
Receivers include controls to improve signal quality and reduce interference,
such as:
e Attenuator:
Reduces incoming signal strength to prevent receiver overload
¢ Noise Blanker:
Reduces interference from electrical sources such as car ignition systems or

household devices .

6.9 Practical Example

When a capacitor is connected to DC:

o Its reactance becomes infinite

CONNECTING A CAPACITOR
TO A DC (DIRECT CURRENT)

-~ THE IMPEDANCE OF A CAPACITOR IN DCIIS INFINITE (0v)

/— - BEFORE CHARGING \ﬁ AFIER CHARGING

CUBRENT FIOWS CURRENT STOPS
When the capachonis first cannected: Once the capachor Is lully charged,
a small currem tlows to charce ir the cutram becames sad.
CAPACTTON CAPACTTION
< A “
DC l D ———— <
souece CHARGING CURRENT (_ oPEN CIRCUIT ) —L

| Flovcs for a short time St ——

— ]- No Current Flows T
[ DURING CHARGING! ) AFTER CHARGING: \

The capactior behaoss tits a inmpera short erculi I / The capaclior dehaves tike d open cicult. )

o

KCY ROINT.
Forme obbect surreoit: the freaurncy 1- 0 Therefore
The capacitive reactance. A capaalor Mots ov. and
1 its ungedance becomas inimile.

Xx — —> Xc c co lIniinite)
2T7C

Figure (6-16): Capacitor response to DC before and after charging
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6.10 Chapter Summary

Electronic circuits rely on a set of laws and components that determine signal
behavior within the system.

Understanding the relationship between voltage, current, and resistance, along
with the properties of capacitors and inductors, helps the operator interpret
many phenomena encountered during operation.

This knowledge prepares the reader for studying transmitters and receivers,
which directly depend on these electronic principles.

Additionally, using tools such as filters, attenuators, and spectrum analyzers

helps improve signal quality and reduce interference during operation.
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Chapter 7: Equipment and Transmit/Receive Systems

7.1 Introduction to Radio Equipment

Wireless communication relies on devices that convert sound into radio signals
that can be transmitted through the air, and then convert them back into sound
at the receiver.

This device is known as a Transceiver, as it combines both transmitting and
receiving functions in a single unit.

All previously discussed concepts (frequency, propagation, electronics) are

applied within this device.

7.2 Basic Components of a Radio System

A radio device consists of several main units:
e Microphone

Transmitter

Receiver

Speaker

Power Supply

In advanced receivers, additional modules may be used such as:
e IF Filters
e Gain control circuits

e Noise reduction systems
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POWER SUPPLY

Provides DC power
to all circuits

SPE

audi

/
\

“

@ 5) R
q D N\

RANSCEIVER COMPONENTS -

MODULATOR
Applies voice
to RF carrier

MICROPHONE
Converts voice
to electrical signal

AUDIO
AMPUF,ER DEMODULATOR IF FILTER MIXER
Boosts aud|o Extracts the Sclccls the Cnmblnes RF with

signal original audio

AKER

Converts electrical

o signal to sound

HOW IT WORKS:
. ® When you speak, the microphone converts your voice

to an electrical signal.

® The transmitter modulates the RF carrier and sends it
to the antenna.

© The antenna transmits the signal through the air.

® On receive, the antenna picks up the signal and sends it
to the receiver.

® The receiver extracts and amplifies the audio,
which is then heard through the speaker.

SIGNAL PATH: MICROPHONE TO ANTENNA AND BACK

RF POWER
AMPLIFIER

Increases
transmit power

OUTPUT FILTER T/R SWITCH

Routes signal
to antenna

ANTENNA!
Transmits and
receives RF signals

Removes unwanted
»| harmonics

Routes received

RF AMPLIFIER ( T/R SWITCH
sxgnal to receiver

Boosts weak
equency [4= Local Oscillator (LO) |4= incoming signals

J[>]1E

e i

( LOCAL OSCILLATOR |
Generates LO frequency

KEY COMPONENTS:

* Microphone: Captures your voice

* Modulator: Puts voice onto RF carrier

© RF Power Amplifier: Increases transmit power
© Filters: Select and clean the signal

® Mixer & Local Oscillator: Convert RF to IF

* Demodulator: Recovers the original audio

e Speaker: Produces the sound

Figure (7-1): Components of a transceiver

Illustrates the signal path from the microphone to the antenna and vice versa.

How Transmission and Reception Work

During transmission:

e Sound is converted into an electrical signal
e The signalis modulated

e Itistransmitted via the antenna

During reception:

e The signalis received
o Itis demodulated

o Itis converted back into sound
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7.3 Transmitter (Transmitter Unit)

The transmitter performs several functions:

o Frequency generation
o Power amplification
o Signal transmission via the antenna

e Signal modulation

Each modulation type has an Emission Designator, which defines the

characteristics of the transmitted signal.
For example:
o FM (Frequency Modulation) = F3E

Increasing power may improve range, but can also cause interference if not used

properly.

7.4 Receiver (Receiver Unit)

The receiver performs:

Signal reception

Signal amplification

Audio extraction

Noise reduction

Special techniques are used to handle interference:

» Noise Blanker: Reduces electrical noise (e.g., car ignition, appliances)
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« Attenuator: Reduces strong signals to prevent receiver overload
Reception quality depends on:

o Sensitivity
o Filter performance

e Noise level

7.4.1 Mixer Circuit

The Mixer is a fundamental stage in the receiver, where:

e Thereceived signal is combined with the Local Oscillator (LO)

o Produces the Intermediate Frequency (IF)

SR MIXERCIRCUIT o

—— Superheterodyne Mixing Principle —

FREQUENCY DOMAIN

TIME DOMAIN (CONCEPT)

RF INPUT LO INPUT MIXER OUTPUT RF INPUT

LO INPUT MIXER OUTPUT
frr fio o fre] flo+fre \/
X = o
f f f
NS
MIXER CIRCUIT SUPERHETERODYNE RECEIVER (BLOCK DIAGRAM)
MIXER
\%

RF INPUT IF OUTPUT = P )
fre fie = |fLo = frel AMPLIFIER MUXER AMPLIFIER DETECTOR | AMPLIFIER |
L L
| Loca
—d Ly OSCILLATOR
fLO

\ 20,
PRINCIPLE | USEFUL OUTPUT ROLE IN SUPERHETERODYNE
The mixer multipli_es the RF signa_\l with the | fie = |fio = frel The mixer converts the selected RF signal to a fixed IF,
LO signal, producing sum and difference (ntermedicte Frecuency) allowing high gain and selectivity in the IF amplifier.

frequencies.

. HZ1D0G —

Figure (7-2): Superheterodyne mixing principle

s

However, strong input signals may produce unwanted outputs called:
e Spurious Mixer Products
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These cause interference and distortion.

Principle of Superheterodyne Receiver and Intermediate Frequency Generation

An increase in input signal level may produce unwanted mixing products (intermodulation),

leading to interference and distortion in the received signal.
RF Input Signal (frg)

AWAWAYAY
V]

Ire + flo
IF Filter
(Intermediate ——————/L—i -p> D $ gl Demodulator [ 2

Frequency Filter)
) Intermediate Frequency (IF)
Local Oscillator (f o)

i Amplifier
L\U/\W& R Unwanted Mixing Products

(Intermodulation)

fRF_fLO_fIF

J \

4+ 1
o

Ire + flo —=—--Y

Increasing the input signal level can generate unwanted mixing products
(intermodulation), resulting in interference and distortion in the received signal.

Figure (7-3): Effect of mixer spurious signals.

7.5 Modulation

Modulation is the process of placing information onto a carrier wave to allow
long-distance transmission.

[ @) ~ MODULATION

Modulation is the process of placing information onto ]

L a carrier wave to allow long-distance transmission.
> MODULATION CONCEPT
INFORMATION SIGNAL CARRIER WAVE ~ MOD ED SIGNAL TRANSMISSION
(Baseband) (High Frequency) = c (Long Distance)

Amplitude Amplitude Amplitude

Foa i - B

L7 Tim

[

WHAT IS MODULATION?

TYPES OF MODULATION

WHY MODULATION?
Information ( g BT S J\A"M‘r AM Amplitude Modulation ° En‘ables long-distance communication
(Voice, Data, Music) ‘ (Information on via Radio Wave (Amplitude is varied) using high-frequency carriers
Carrier) {
() > . » ((( ))) @ 'mproves efficiency of transmission - 3 .
& 5 A YYD M Freuency Modulation , nd P
(Frequency is varied) @ Reduces effects of noise and interference | | ’

A
A

(depending on the type)
The information signal changes (modulates) one or more

= =3
| Phase Modulation
N PM Al Itipl Is to be t tted
characteristics of the carrier wave such as amplitude, @ (Phase is varied) ki e

(Spectrum utilization)

H Z 1 Q g ‘I%Mmmhuhl||hulllhll'l“||h|i||...lw.uuh.nlllmnh..umumm

frequency, or phase

Figure (7-4): Modulation concept.
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7.5.1 Types of Modulation

1. Analog Modulation

Includes traditional methods:
e AM (Amplitude Modulation): Varies amplitude, constant frequency
e FM (Frequency Modulation): Varies frequency, constant amplitude

e PM (Phase Modulation): Varies phase, constant amplitude

{COMPARISON OF MODULATION TYPES (AM, FM, PM) ]

AMPLITUDE MODULATION FREQUENCY MODULATION PHASE MODULATION

Amplitude Amplitude Amplitude
INFORMATION
SIGNAL P . N P il - i W
(AUDIO) Mol S| | % kel | R e
Amplitude Amplitude Amplitude
CARRIER
WAVE B
Time Time Time
Amplitudi . AT Amplitude Amplitude
MODULATED
WAVE
(OuTPUT) Tine Time
WHAT CHANGES? WHAT CHANGES? WHAT CHANGES?
WHAT CHANGES The amplitude of the carrier wave The frequency of the carrier wave The phase of the carrier wave
AND WHY changes according to the changes according to the changes according to the

information signal.

WHY?
To transmit information using
changes in amplitude.

information signal.

WHY?
To transmit information using
changes in frequency.

information signal.

WHY?
To transmit information using
changes in phase.

@ ALL MODULATION TYPES USE A HIGH FREQUENCY CARRIER TO TRANSMIT INFORMATION OVER LONG DISTANCES. HZ1DG
/

Figure (7-5): Comparison of AM, FM, and PM

Example:
e FM - commonly used in VHF/UHF

e AM - used in some HF bands

2. Digital Modulation

Used in modern systems:

A Practical Guide to Understanding
and Practicing Amateur Radio in Saudi Arabia

2026 EDITION
UPDATED AND REVISED EDITION

AMATEUR RADIO | FUNDAMENTALS FOR BEGINNERS




@g | AMATEUR RADIO FUNDAMENTALS FOR BEGINNERS

| A Practical Guide to Understanding and Practicing Amateur Radio in Saudi Arabia BY ABDULRAHMAN AL-SHAHRANI DG ‘

. ASK
. FSK
. PSK
. QAM

o RTTY (Radioteletype)
Example:

e RTTY uses FSK for text transmission

3. Specialized Modulation Types

Examples include:

o Amplitude-keyed telegraphy (ASK)
o Frequency-shift-keyed telegraphy (FSK)
o Frequency-modulated telephony (FM)

o Phase-modulated telephony (PM)

7.5.2 Difference Between FM, AM, and SSB
« FM:

High audio clarity, less noise, wider bandwidth, used for local communication
« AM:

Simple but sensitive to noise, consumes more power
. SSB (Single Sideband):

Improved AM with:

e Higher efficiency

e Narrow bandwidth
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e Longerrange
Types:
o USB (Upper Sideband)

e LSB (Lower Sideband)

e LSB - below 10 MHz

e USB - above 10 MHz

7.5.3 Modulation Applications
« SSB: Long-distance HF communication
o FM: Local communication (VHF)

« AM: Aviation and broadcasting

7.5.4 Balanced Modulator

Used to suppress the carrier (Carrier Suppressed), especially in SSB systems.

7.5.5 Overmodulation

Excessive modulation causes:
o Splatter Interference
Example:
« Excessive microphone gain - signal distortion and adjacent channel

interference
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Audio Signal
(Modulating Signal)

e Amplitude varies
as per audio signal

e Frequency
POWER SUPPLY remains constant

Provides DC power
to all circuits

FM Signal
Audio Signal
) (Modulatmg Slgnal)
e Frequency varies . N / &
as per audio signal e

FM

Frequency
Modulation

e Amplitude
remains constant

Amplitude (A)

Lower Frequency Higher Frequency
when audio is low when audio is high

| / KEY DIFFERENCE:

7~
— AM changes the Amplitude of the carrier signal,

s(;'j S while FM changes the Frequency of the carrier signal.

Figure (7-6): AM vs FM comparison

7.6 Intermediate Frequency (IF)

Used in receivers to convert signals to a fixed frequency for easier processing.

In Superheterodyne receivers:

o Signal is mixed with LO = produces IF
Benefits:

o Improved reception

« Reduced noise

o Simplified design
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A\ — IF CONCEPT (nTerMEDUATE FREQUENCY) — A\

SELECTIVITY ADVANTAGE
At IF (Narrow Band
* _ Better Selectivity)

WHY USE IF?

@ Provides constant and stable amplification
@ Better selectivity and filtering

Q Improved AGC performance

Q Easier and cheaper receiver design

Amplitude

The Intermediate Frequency (IF) is a fixed
frequency used in the receiver between the

mixer and the demodulator. , AtRF (Wide Band

- Poor Selectivity)

Frequency
Antenna SUPERHETERODYNE RECEIVER BLOCK DIAGRAM
\Ti | RF BT G TTTTTTTTITIVO gl R VTP 1 Audio
1 .Vwﬂ ‘U% Amplifier Mixer ‘—b v\\nv‘/.u 11 (s&e:zc?il:;;) ikl Wil Demodulator Amplifier )))
RF Signal IF Signal Fixed IF g
(e = Ifae = frol) Frequency Audio Output
Local “ad (e.g. 10.7 MHz
or 455 kHz)

Oscillator

oo

(LO)

1) FREQUENCY RELATIONSHIP 2) IF SIGNAL EXAMPLE 3) COMMON IF FREQUENCIES

fe= | fre - Example: AM Broadcast Receivers
C RF Frequency (fg) = 14.200 MHz
fio=te e fio+ i Local Oscillator (f,o) = 14.210 MHz IF = 455 kHz
1 ! 1 IF Frequency (f,;) = |14.200 - 14.210| = 0.010 MHz = 10.7 kHz
| i |
s & < - t
¢ > RF Signal After Mixer IF Signal FM Broadcast Receivers
Lower Sideband fir Upper Sideband (14.200 MHz) (Contains Sum & Difference) (10.7 kHz)
j ( ) j IF =10.7 MHz
The mixer produces two frequencies: \NWV\MW =" 3‘ \j J‘ UI MM\M‘“\J I = ¢ \/ \/\'
P & i \ YIVLr ?  Two-Way Radio (Communications)

and

fio + fre (sum) |fio = fre| (difference)

The IF filter selects the difference frequency (IF). (

©]

Figure (7-5): IF concept

IF = 45 MHz / 10.7 MHz / Other

HZIPG

The IF amplifier provides high gain and stable, predictable
performance because the frequency is fixed.

Recovered Audio

— Al

KEY POINT

Using a fixed IF allows the receiver to achieve
consistent performance across the entire
frequency range.

Variable RF

/\/\/\/\—b

Fixed IF

(Constant Frequency
Processing)

((A))) IMAGE FREQUENCY IN RECEIVERS ((A)))

Why It Exists and How It Affects Reception

1) RECEIVER BLOCK DIAGRAM

Fixed IF Frequency

Antenna (e.g. 10.7 MHz or 455 kHz)
1

RF Signal
fir =1

fio

Local Oscillator
(LO)

Image frequency is another frequency that
also produces the same IF when mixed
with the local oscillator.

()
A -

Image Frequency
(35.600 MHz)

fimace = fre £ 2 x fie ‘
fimace L
. :
é & P
Other Station

forrer
'

Image Frequency Desired Frequency

Frequency
EXAMPLE (High-Side Injection)

Both 14.200 MHz and 35.600 MHz produce 10.7 MHz IF!

5) KEY POINT

The receiver is designed to accept only the desired frequency
and reject the image frequency to ensure clear and
interference-free reception.

Lol = o AN —
Amplifier

\

\
\ ’

Undesired signal at image frequency

IF Amplifier Audio
& IF Filter Demodulator }—» Amplifier ))
IF Signal Andio
fre = fLol Output

e — — R — o 4}‘
3) HOW IT AFFECTS RECEPTION 4) HOW TO REJECTIMAGE FREQUENCY

Desired Frequency

14.200 MHz

()
@ - A \
4 Other

Stations

A\ v

o
(]
o
o

IF Frequency (fir) = 10.7 MHz . Use double-conversion
Desired Frequency (fge) = 14.200 MHz also enter-s the. [OTOIVAL: superheterodyne @*’ IF2
Image Frequency (fiuace) = 14.200 + 2 x 10.7 = 35.600 MHz If the RF front-end filter is not sharp enough, Catalvars.

the image signal may cause interference
and degrade receiver performance.

Desired Frequency
(Passed)

Image Frequency
(Rejected)

i
|
*

Use a preselector or
band-pass filter at
the RF input.

Use high-quality RF
filters with good
selectivity.

Use low IF frequency
(e.g. 455 kHz) in
some designs.

Image Frequency
(Rejected) ‘ { z lp 6

*

Frequency

Figure (7-6): Image frequency in receivers
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7.7 Filters

Used to select desired frequencies:

Types:

Low-pass filter = passes low frequencies

High-pass filter - passes high frequencies

o Band-pass filter —» passes a specific range

Special filters:

Notch Filter: Removes a specific unwanted frequency

~/\n~~ TYPES OF FILTERS

Shows the difference between filter types
LOW PASS FILTER HIGH PASS FILTER : PASS |
(LPF) (HPF)

R/

J

BS|
0
Allows low frequencies | | Allows high frequencies Allows a band of frequencies | | Bjocks a band of frequencies
to pass and blocks to pass and blocks to pass and blocks and allows frequencies
high frequencies. low frequencies. frequencies below and below and above that band
above that band. to pass.
GAIN GAIN GAIN GAIN
A A r 3 A
1 1 1 1
) |
1 I |
o |
STOP | PASS || STOP :
BAND |' BAND : BAND :
I | I
I | I
0 0 0 L - > |0 -
f, fz f2
FREQUENCY (f) FREQUENCY (f) FREQUENCY (f) FREQUENCY (f)

By : ‘  NOTE: The main difference between filters is
,@\ the range of frequencies they allow to pass

or block.

#2126

Figure (7-7): Filter types
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7.8 S-Meter

Measures received signal strength:

S1 - very weak

S9 - very strong

S M ETE R ) S LEVEL APPROXIMATE INDICATION
VERY WEAK

@ The S meter indicates the strength of the received signal.

a1l The higher the S level, the stronger the signal.

GOOD
STRONG
VERY STRONG

POWER

TRANSMIT

TUNER SIGNAL

—

VOX / BK-IN D SaE i e %

HF/50MHz TRANSCEIVER ~ IC=7300 i
PHONES N N\

A\ e o T owe T noren : @ WHY IT MATTERS

e el ek
WHAT IT i Very weak signal, difficult to copy, more noise. . " .

@ MEANS | S4 - S6: Moderate signal, generally readable. Helps improve audio quality.
| S§7-S9: Strong signal, loud and clear. Helps improve connection

quality.

Figure (7-8): S-Meter scale

7.8.1 S-Meter Beyond S9

The S-meter is used in radio receivers to display the strength of the received
signal on a standardized scale ranging from S1 to S9. This scale provides an
approximate indication of signal level, where each increase of one S-unit
corresponds to approximately 6 dB.

When the signal reaches S9, which is considered a standard reference level of

about -73 dBm in the HF band, the measurement no longer continues in
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additional S-units. Instead, any further increase in signal strength is expressed in

decibels (dB).

In most High Frequency (HF)
S M ETE R SCA LE radio receivers, each increase of

one S-unit corresponds approximately
Signal Strength and its Relation to Decibels (dB) to an increase of 6 dB in signal level.

Relative Increase al Reference Level | oo

(dB) - _ R P
(from S1)

0dB

+6 dB
+12 dB
+18 dB
+24 dB
+30 dB

+36 dB

QUICK TIP

To calculate the difference in dB between
two S-units:

Example:
From S3 to S7 - (7 - 3) x 6 = 24 dB increase

NOTE

o S-meter readings are relative, not
absolute measurements.

e The 6 dB per S-unit rule is a common
standard in HF receivers.

e Slight variations may occur depending
on the radio model.

Figure (7-9): S- Signal Strength Above S9 (S-Meter +dB)

For example:

e S9+10dB indicates the signal is 10 dB stronger than S9
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e S9 +20 dB indicates an increase of 20 dB

e S9 +40 dB indicates a very strong signal, far exceeding S9

After S9, measurement is expressed in dB for higher accuracy.

The importance of using dB above S9 lies in providing higher accuracy for
measuring strong signals, as the S-scale is limited and cannot represent large
differences in signal power. Therefore, a more precise scale—decibels—is used.
It is worth noting that the approximate relationship between S-units and
decibels (6 dB per S-unit) remains useful for understanding; however,
measurements above S9 rely directly on dB to represent the actual increase in

signal strength.

S UNITS vs dBm and dB LEVELS

SIGNAL STRENGTH (dBm) dB INCREASE
A0 A 40 dB
-20

-130 -

L WEAKSGNAL

(( )) S units (S1 to S9) are a relative measurement of signal strength. IDG
Each step (S unit) represents a 6 dB increase in signal strength. ‘,‘/Z/

S UNITS / dB LEVELS

Figure (7-10): Graph of Signal Strength Above S9 (S-Meter +dB)
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7.9 Sensitivity and Selectivity

o Sensitivity: Ability to detect weak signals
» Selectivity: Ability to isolate desired signals

Primarily determined by:
o IF Filter

High sensitivity + good selectivity = better performance
7.10 Operational Notes

« Antenna greatly affects performance
o Frequency and timing are critical

e Reducing noise improves reception

e Do not rely only on power

The issue may be in the antenna or environment, not the device.
7.11 Chapter Summary

Transceivers are the foundation of wireless communication, converting sound to

radio waves and vice versa.

Understanding;:

e Modulation

e IF

o Filters

o Sensitivity
Helps in:

o Improving communication quality
o Understanding system performance

e Troubleshooting

A solid grasp of modulation, filtering, and IF operation enables better signal

analysis and interference management.
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Chapter 8: Antennas

8.1 Introduction to Antennas

The antenna is one of the most important components of a radio station. It
converts electrical signals into radio waves that propagate through the air, and
performs the reverse process during reception.

Despite the importance of the transceiver, communication performance depends
greatly on the type of antenna and how it is installed.

In many cases, changing the antenna can improve communication more than

changing the radio itself.

8.2 Principle of Antenna Operation

When current flows through an antenna:

e An electric field and a magnetic field are generated
o These fields produce an electromagnetic wave that propagates through

the air carrying the signal

(A) HOW ANTENNAS WORK (ﬁ)

The antenna converts electrical signals into radio waves,
and converts radio waves back into electrical signals.

N TRANSMISSION 3 -

Conversion of electrical signals into radio waves Conversion of radio waves into electrical signals
o Electrical Signal e Generation of e Radiation of o Radio Wave e Conversion to e Sent to
Electromagnetic Fields Radio Waves Arrives Electrical Signal Receiver
An electrical signal The varying current The changing fields The radio wave The radio wave The electrical signal
(varying current) produces changing produce radio waves travels through induces an electrical is sent to the receiver
moves toward electric and magnetic that propagate the air and signal (current) and processed as
the antenna. fields. through the air. reaches the in the antenna. an electrical signal.
antenna.
Antenna Antenna

Transmitting
Device

Receiving
Device

) Radio Wave Radio Wave
— /\/\/ —
Electrical

Signal

n

Electrical Electric Field
Signal (E)

Magnetic Field
(H)

Figure (8-1): Antenna operating principle
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During reception:

The antenna elements receive the incoming electromagnetic wave, inducing a
weak electrical current that is carried through the feed line to the receiver, where

it is processed into understandable audio or data.

8.3 Antenna Tuner

In some cases, the antenna impedance does not match the transmitter

impedance, causing power reflection and a high SWR.

To solve this, an Antenna Tuner is used to achieve better impedance matching

between the antenna and feed line.

It helps to:

o Reduce reflected power
o Improve power transfer

e Protect the transmitter

Transceiver Tuner Antenna
(50Q) (Tuner) (Non 50Q)

Figure (8-2): Impedance matching using an antenna tuner
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Important Note

The tuner does not improve the antenna itself, but only improves system

matching.

THE PRINCIPLE OF A TUNER AND HOW IT WORKS

The tuner is used to match the impedance between the transceiver (50Q) and the antenna (non 50Q)
for maximum power transfer and minimum signal reflection (low SWR).

Transceiver Tuner Antenna
(50Q) (Impedance Matching) (Non 50Q)

TUNE LOAD
|/

\ ,

o

1. THE PRINCIPLE ) 2. HOW IT WORKS (INSIDE THE TUNER) 3. HOW TO USE

The tuner uses variable inductors (L) and 5 = - . 3
variable capacitors (C) to transform the Variable Capacitor (C) Variable Inductor (L) o Set the radio to the desired frequency.

antenna impedance to match 50Q.

o Press the TUNE button on the tuner
(or the radio’s built-in tuner).

From

e The tuner adjusts L and C automatically
Transceiver Antenna

(or manually) to achieve the best match.

(50Q) (Non 50Q)

o When the match is achieved:

« SWRis low (close to 1:1)
« Maximum power is delivered
to the antenna

By adjusting L and C,
the reactive part of the impedance
is canceled and the resistive part
is matched to 50Q.

4. IMPEDANCE BEFORE AND AFTER TUNING 5. RESULT KEY POINTS

Before Tuning After Tuning « The tuner does not increase power.
(Mismatch) (Match) m « It only matches the impedance.
@) @) @ @) $ ‘R .' « Proper tuning protects the radio,
A NS A ’ A Sallp > A SWR Efficient power
|

reduces losses, and improves efficiency.
High reflected power

(High SWR)

Better performance

Low reflected power is low transfer and longer range
(Low SWR) i . WQ—

Figure (8-3): Antenna tuner principle

8.4 Types of Antennas

8.4.1 Dipole Antenna

One of the simplest and most widely used antennas.

Consists of:

e Two (conductors)

e Acenter feed point
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HALF-WAVE DIPOLE ANTENNA

A simple and efficient antenna used
for HF communication.

Support Rope

Support Rope

Dipole Element

e Coaxial Cable \

4210

Figure (8-4): Dipole antenna

Advantages:

o Easy installation
e Good performance

e Low cost

8.4.2 Yagi Antenna

A directional antenna consisting of:

e Driven element

A Practical ide to Understanding 2026 EDITION
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e Reflector

e Directors
Provides:

e High gain
o Directional radiation

e Long-distance communication

YAGI ANTENNA ( Yagi Antenna)

It consists of three main elements and is used to direct the signal in a specific direction.

SIGNAL DIRECTION
( Signal Direction )

|

REFLECTOR
DRIVEN ELEMENT
( Reflector ) /_ ( Driven Element ) DIDR.ECTOR
It is slightly longer ( Director )

than the driven element It is slightly shorter
i than the driven element

FEED POINT BOX
( Feed Point Box )
Located behind the driven element
and used to connect the coaxial
cable to the antenna
REFLECTOR ( Reflector ) : Longer
DRIVEN ELEMENT ( Driven Element ) : In the middle
DIRECTOR ( Director ) : Shorter
SIGNAL DIRECTION ( Signal Direction ) : To the front

FEED POINT BOX ( Feed Point Box ) : Behind the driven element @

Figure (8-5): Yagi antenna

8.4.3 Vertical Antenna

Commonly used for local communication (VHF/UHF).

Features:

A Practical Guide to Understanding 2026 EDITION
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o Omnidirectional coverage

« Easy installation
However:

o More susceptible to noise

VERTICAL ANTENNA

( Vertical Antenna ) oo

The vertical element

3 4 that radiates and
A simple and widely used antenna receives RF signals
. i

for omnidirectional radiation. .~

KEY FEATURES

((iey) Omnidirectional
/" radiation pattern

- ‘ (3

> |

., o

- | Polarization
ﬂ Vertical

M Wide bandwidth S FEED POINT
\ operation. _ . The point where the coaxial

Simple, durable cable connects to the antenna.

and easy to install

GROUND PLANE
The ground or counterpoise
system helps the antenna

RADIATION PATTERN radiate efficiently.

(Top View)

Figure (8-6): Vertical antenna

8.4.4 Delta Loop Antenna

A triangular loop antenna used mainly in HF.

Features:

« High efficiency
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e Low noise

e Good for long-distance communication

APEX
e

DELTA LOOP ANTENNA

( DElta LOOp Antenna ) 7 the two sides of the loop

are connected.

A directional loop antenna known
for low noise and efficient performance.

KEY FEATURES

Directional reception
with deep null.

LOOP ELEMENT

The loop is usually made of
aluminum or copper tubing
Low noise and high \ or wire.

signal-to-noise ratio. X \

Simple design,
durable and reliable.

Wide frequency coverage |58 £ mes x4 | S FEED POINT
with a tuner. : . T £ The point where the coaxial
. cable connects to the loop

RADIATION PATTERN through a balun.

(Top View )
0°

MAST

A non-conductive or insulated
mast supports the antenna
at a suitable height.

‘ HZ1D

Strong signals from the front and back.
Deep nulls on the sides. ' NOTE: The delta loop is a balanced antenna and
requires a balun to connect to coaxial cable.

Figure (8-7): Delta loop antenna

8.4.5 Quad Antenna

A loop-based antenna similar to Yagi but using square elements.

Features:

o High gain
o High efficiency

o Suitable for DX
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QUAD ANTENNA

( Loop Beam Antenna )

A loop-based antenna consisting of

square elements (loops). DRIVEN ELEMENT

It operates similarly to a Yagi antenna, Main active loop

but uses loop elements instead of rods. (feed point connected here)
S Located in the center.

SIGNAL DIRECTION

REFLECTOR
Slightly larger loop
Placed at the rear
to reflect the signal
forward.

DIRECTOR(S)
Slightly smaller loops
Placed in front to
focus and direct

the signal.

KEY FEATURES
High Gain

Low Noise R - . :

(better SNR) p > = FEED POINT
i Located at the

driven element.

Used to connect the e
coaxial cable to Stronger signal in the front.

the antenna. Reduced signal in the rear.

Directional
Radiation Pattern

Efficient for
Long-Distance
Communication (DX)

\II

. NOTE: Quad antennas often provide better noise performance
than Yagi antennas due to their loop structure.

Figure (8-8): Quad antenna

8.4.6 Trap Antenna

Uses resonant traps to operate on multiple bands.
Features:
e Multi-band operation

e Space saving
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| TRAP ANTENNA

20m Trap £

1OMHz ( Trap Antenna)

» An antenna that contains resonant circuits (traps)
that allow it to operate on multiple frequency
bands using the same antenna.

S -l Py \
o5 & 15m Trap 2 . y MULTI-BAND OPERATION
ey,
& . 21.0MHz

Works on multiple bands
with one antenna.

N

REDUCES THE NEED FOR
: ; MULTIPLE ANTENNAS
“10mTrap = R One antenna instead of many.
28.0 MHz '_‘ § 9
: SUITABLE FOR
LIMITED SPACE

Ideal for small areas
and restricted locations.

Figure (8-9): Trap antenna

8.4.7 Beamwidth

The angle where signal strength drops by 3 dB from maximum.
e Narrow beam - higher focus

e Wide beam - wider coverage
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BEAMWIDTH OF AN ANTENNA

(Beamwidth of an Antenna)

The angle between the two points in the radiation pattern where the signal strength drops
by 3 dB (-3 dB) from the maximum value.
This concept is used to measure the focus or spread of the radiation.

RADIATION PATTERN (TOP VIEW) RADIATION PATTERN (CROSS SECTION)
Direction Signal Strength (dB)
-3dB _— -3dB

Half Power \ / Half Power
Points { % Points

I
1
1
|
| BEAMWIDTH
: (Beamwidth)
1

1
-0

v & BEAMWIDTH ; -30
-6 _ \ (Beamwidth) / Angle (°)
WHAT DOES BEAMWIDTH MEAN?
()

i ; \
| * The smaller the beamwidth — the more |

focused the radiation (higher directivity) f]-“\
* The larger the beamwidth — the more

wide coverage (lower directivity) il
3

(= J )

I3

-3 dB HALF POWER POINTS: BEAMWIDTH (©) = 20
The value drops to 50% of . II The angle between the two UNIT: Degree (°) d

the maximum power. -3 dB points.

Z1DG

S HZIDG

Figure (8-10): Beamwidth

8.5 Antenna Gain

Antenna gain is a measure that describes the ability of an antenna to concentrate
electromagnetic energy in a specific direction compared to a reference antenna.
It does not mean increasing the transmitted power; rather, it redistributes the
power so that it becomes more concentrated in one direction and weaker in

others.

Reference Antenna
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Gain is measured relative to a reference antenna. The most common types are:

« Isotropic Antenna: A theoretical antenna (not physically realizable) that

radiates equally in all directions. Gain is expressed relative to it in dBi.

« Dipole Antenna: A practical and commonly used antenna. Gain is expressed

relative to it in dBd.

When an antenna operates, energy can either spread in all directions or be
focused in a particular direction. The higher the antenna gain, the greater its
ability to concentrate the signal, resulting in improved signal strength in the

desired direction and increased communication range.

Illustrative Example

A low-gain antenna can be compared to a light source that radiates in all
directions, while a high-gain antenna is like a spotlight that focuses light in a

specific direction over a longer distance.

Important Note

Increasing gain means:

« Higher signal strength in a specific direction

» Reduced signal strength in other directions

Summary

Gain does not increase power; it redistributes it.
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ANTENNA GAIN

A MEASURE OF DIRECTIONAL PERFORMANCE

Antenna gain is a measure that describes the ability of an antenna
to concentrate electromagnetic energy in a specific direction
compared to a reference antenna.

It does not mean increasing the transmitted power, but rather
redistributing it so that it becomes more concentrated in one
direction and weaker in others.

REFERENCE ANTENNA

Gain is measured relative to a reference antenna.
The most common types are:

oW

Energy spreads
in all directions

DIPOLE A

(Practical)

(Theoretical)

A theoretical antenna (not

physically

radiates equa

ILLUSTRATIVE EXAMPLE
LOW GAIN ANTE

Like a light bulb Like a spotlight

Radiates light VS ‘
in all directions

(shorter distance)

IMPORTANT TO KNOW

Increasing gain means:

%« Higher signal strength

in a specific direction

. iced signal strength
in other directions

kft
8 -

[}

A practical and commonly
used antenna.

Gain is expressed
relative to it in d

HIGH GAIN ANTENNA

Focuses light
in one direction
(longer distance)

SUMMARY

SAME INPUT POWER =
High Gain

HZ] PG

Figure (8-11): Antenna gain

8.6 SWR (Standing Wave Ratio)

Measures antenna matching.

High SWR causes:

e Power loss
e Weak transmission

« Equipment damage

Acceptable value:

e Upto2:1(preferably < 1.7:1)
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HIGH GAIN

Strong signal
in one direction

HOW GAIN WORKS

When an antenna operates, energy can either
spread in all directions or be focused in a
particular direction.

The higher the antenna gain, the greater its
ability to concentrate the signal, resulting in
improved signal strength in the desired
direction and increa ommunication range.

LOW G |
Energy spreads
in all directions

HIGH GAIN
Energy focused
in one direction

GAIN DOES NOT INCREASE POWER;
IT REDISTRIBUTES IT.

DIFFERENT DISTRIBUTION
(FOCUSED ENERGY)
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STANDING WAVE RATIO (SWR)

SWR is a measure of how much power is reflected by the antenna back to the transmitter.

3
SWR METER ANTENNA

(LOAD)

FORWARD WAVE
(POWER SENT) s CAUSE OF HIGH SWR
(MISMATCH):

If the antenna impedance
does not match the

REFLECTED WAVE transmission line impedance,

(POWER REFLECTED) part of the power is

reflected back instead of

SWR READING GUIDE W 3 being radiated.

Transmission Line (Coaxial Cable)’

TRANSMITTER

11 Perfect Match SWR FORMULA

3.9:1 Acceptable

Vv Where:

max

SWR = Vimax = Peak Voltage
min

@ 2:1 or higher Poor Match
(Reflections increase)

Vimia = Minimum Voltage L

SWR indicates the amount of reflected power due to impedance mismatch. ' NOTE:

1:1

The closer the SWR value is to 1:1, the better the match and the higher the efficiency of the antenna system.

HZ’D

Figure (8-12): SWR concept

' SWR (STANDING WAVE RATIO) EVALUATION TABLE

SWR (Standing Wave Ratio) is a measure of how much power is reflected back
to the transmitter due to impedance mismatch.

E’_ﬂ } OPERATIONAL |

e

=4 EVALUATION

STATUS \

1:1 IDEAL BEST PERFORMANCE No Reflected Power 0

1.5:1 EXCELLENT P%%E%sg%r:‘m Very High Efficiency Q

1.7 :1 Lrmment S

2:1 ACCEPTABLE PRACTICAL LIMIT Generally Safe Operation O

| 2:1-3:1 POOR NEEDS ADJUSTMENT Noticeable Power Loss VAN
1 >3:1 DANGEROUS UNSAFE ot e )
As the SWR value increases, more power is reflected back to the transmitter, [ s S s £

which leads to reduced efficiency, increased heat in the transmitter
components, and may cause damage in severe cases.

N

W\ HZIDG W\~

Figure (8-13): SWR table
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8.7 Transmission Lines

Transmission lines are the media or paths used to carry radio frequency (RF)
signals from the transmitter or receiver to the antenna, and vice versa, while
preserving as much of the signal power and quality as possible.

They are a fundamental component of any wireless communication system, as
they directly affect performance efficiency and signal quality.

Transmission lines include several main types, most notably coaxial cables,
which are the most widely used among amateur radio operators due to their ease
of use, resistance to interference, and suitability for various applications,
whether in home stations or portable operation.

Another type is the open-wire line (ladder line), which is commonly used with
high-frequency (HF) antennas. It is characterized by low loss and high efficiency,
but it requires careful installation and the use of an antenna tuner.

As for the waveguide, it is used at very high frequencies and offers high
efficiency; however, it is less common among amateurs due to its complexity.

In general, coaxial cable is the preferred choice for amateur radio operators,
while other types are used in specific cases depending on frequency and

application requirements.
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Y- . X

(‘)
g A TYPES OF TWISSION LINES

] a —
COAXIAL CABLE LADDER LINE |

Figure (8-14): Transmission lines

8.7.1 Coaxial Cable

Most common type.

Features:

o Easytouse

¢ Resistant to interference

8.7.2 Attenuation

Signal loss in cables depends on:
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o Cable type
e Length

o Frequency

Higher frequency — higher loss

8.8 Polarization

Direction of wave propagation:

e Horizontal

e Vertical

Matching polarization improves performance.

8.9 Antenna Height

Height greatly affects communication range.
HF:

e Y2 A - shortrange (NVIS)
e % A - medium range

o Y A-longrange (DX)
VHF/UHF:

e Line-of-sight propagation

Approximate range:

A Pract | Guide to Und tand 2026 EDITION
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3.57 x ,/Height (Meter ) ~ Distance(km)

ANTENNA HEIGHT IN VHF & UHF BANDS

STATIONA | 3 P BRI a | STATIONB
ot otn

Antenna Height | & T Al P e . N 4 | Antenna Height

MAXIMUM DISTANCE

BETWEEN TWO STATIONS
= 207 km
(over the Earth’s surface)
APPROXIMATE RANGE FORMULA STEP-BY-STEP CALCULATION HORIZONTAL DISTANCE SUMMARY
Distance (km) = 3.57 x (vh, + vh,) Antenna height at each station =30 m | | et 4 Band:
Where: Distance = 3.57 x vh VHF / UHF
h, = Antenna height at Station 1 (m) ‘/% =5.471 X X
h, = Antenna height at Station 2 (m) Vhy + \/F'z = 5.477 + 5.477 = 10.954 At height of 30 meters: (T) g\gtenr;a height at each station:
meters
e e | Distance 25: x ;02 ::4 = 3.57 x /30 Emg asinum dtarce
Distance ~ 3.57 x (v/30 + /30) =391 x 5. ~ 3.57 x 5.477 :e20e7enkmo stations:
= 3.57 x (5.477 + 5.477) ‘ A 207
= 3.57 x 10.954 . km Depends on

\ - —

~ 207 km (Maximum distance) (From each station to the horizon) Line of Sight (LOS)

SIDE VIEW DIAGRAM

~<3k
~ 207 km = 19.6 km

Figure (8-15): Height vs range

8.10 Radiation Angle

Determines communication distance:
e Low angle - long distance

e High angle - short distance
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RADIATION ANGLES

These are the angles at which radio waves interact with the atmosphere,
directly affecting the range of communication.

o
LOW ANGLE
Suitable for Long Distances
lonosphere
- — %

]\ ~

A 5°-20° NS %

%Y Radio waves travel long \ 28
5 :4;: distances before ‘;“

S being reflected. y 2\

(@) RESULT:
. A Long-Distance (DX) Communication

LOW ANGLE

* Brings signals close to the line of sight.

e Maximum range.

¢ Suitable for international and long-distance
communications.

((;K)

((A)) i

n
HIGH ANGLE
Suitable for Local Coverage

lonosphere

60° - 90° RSN
N
N

Radio waves are reflected
back to Earth, covering
a nearby area.

RESULT:
Local Coverage (NVIS)

HIGH ANGLE

* Brings signals strongly toward the upper layers.
* Provides strong local coverage.

¢ Suitable for local and regional communications.

Antenna Height
The higher the antenna,
the lower the
radiation angle.

MAIN FACTORS AFFECTING THE RADIATION ANGLE

Antenna Type Frequency Terrain Conditions
Different designs Changing the radiation Earth curvature and
produce different angle with 2 land type can affect
radiation patterns. frequency changes. performance.

W HZI1DG -V~

Figure (8-16): Radiation angle

8.11 Impedance Matching

Mismatch causes:
e Signal reflection
e High SWR

e Poor performance

8.12 Operational Notes

o Antenna choice is more important than power

o Proper direction improves communication

e Low SWR is essential
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8.13 Chapter Summary

The antenna is a fundamental component of a wireless communication system,
directly affecting both the range and quality of the signal.
Understanding the following;:

e Antenna types

Gain

e SWR

Transmission lines

Polarization

e Angle of radiation
Helps in:
e Improving performance

e Achieving the best possible communication

Chapter 9: Interference and Safety

9.1 Introduction to Interference

An operator may experience interference while using a radio, which affects signal
clarity - even when the signal strength is high. This effect is known as
interference, and it results from the presence of unwanted signals that disrupt
the original signal.

Not all communication issues are caused by distance; the problem may be due to

other signals operating on the same or nearby frequencies.

9.2 Types of Interference

e QRM: From other stations

g
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e OQRN: Natural noise (lightning, storms)

« Man-made noise: Electrical devices

A common source of interference in radio communications

(CA)) MAN-MADE INTERFERENCE

Man-made interference is unwanted interference caused by human
activities and electrical devices.

i THE DIFFERENCE BETWEEN
SQUECESIORMAN, MADRENTEREERENCE NATURAL AND MAN-MADE INTERFERENCE

Man-made interference results from:
Natural Interference Man-Made Interference
Electrical Devices Some Ele_ectromc Originates from Caused by human
Devices By o i
3 activities and electrical

nature and cannot

g be controlled. equipment.

Power supplies, High-voltage Wi-Fi routers,
computers, power lines Bluetooth devices,
LED lights, and cause mobile phones, 5 L
9 " P . (lightning)
household electromagnetic and electronic
® Thunderstorms

appliances interference circuits 8 i i
PP @ Solarintarforence ® Electronic equipment

Examples: Examples:
® Atmospheric noise ® Electrical devices

® Power lines

IMPORTANT NOTE ((( ))>
Man-made interference is often continuous and

strong in residential and commercial areas. ‘WQO““LUUWUO‘LO QJ(I':’"QMOQ 0"/1'0 0"\/'"040/\!4‘"\’%’—

Reducing it helps improve signal clarity and

communication performance.

W HZIDG -

Figure (9-1): Interference sources

9.3 Reducing Interference

Interference can be reduced by:
« Changing the frequency
« Using appropriate filters

« Improving the antenna
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« Moving away from sources of noise

In some cases, the solution can be as simple as turning off a nearby electrical
device.

Practical Example:
The interference disappeared after turning off a household device.
What is the likely cause?

Man-made interference.

9.4 Electrical Safety

Electrical safety is a fundamental aspect of operating a radio station.
Attention must be given to:

e Proper equipment connections

e Using appropriate wiring

e Avoiding overloads
Overloading may lead to:

e Increased temperature

e Equipment damage

9.5 RF Safety

When transmitting high-power signals, nearby individuals may be exposed to
electromagnetic fields.

Therefore, it is important to:
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« Avoid standing close to the antenna during transmission

« Install the antenna in a suitable location

« Follow safe distance guidelines

Standing next to the antenna while transmitting may be unsafe, especially when

using high power.

9.6 Grounding

The grounding system is considered one of the most critical safety and protection
elements in an amateur radio station. It plays a key role in protecting both
equipment and the operator from electrical discharge hazards and lightning
strikes, in addition to improving overall system performance and reducing
interference.

A common misconception is that each part of the station should have its own
independent grounding system, meaning the tower, antenna, equipment, and
power source are all grounded separately and completely isolated from one
another.

Although this approach may appear organized at first glance, it is not technically
correct unless all these grounding points are properly bonded together.

When separate, unconnected grounding points exist, a voltage difference can
develop between them—especially during electrical discharge events or lightning
strikes. This can force current to flow through the equipment itself, potentially

causing serious damage or complete failure.

9.6.1 The Proper Grounding Principle:
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The proper grounding system is based on the concept of Equipotential Bonding,
which means that all grounding points in the station must be at the same
electrical potential. This prevents the development of voltage differences that
could cause unwanted currents to flow through the equipment.

This is achieved through the following:

« Establishing a main grounding point (Ground Bus) inside the station

« Connecting all equipment directly to this point

« Using multiple ground rods when necessary

« Bonding all ground rods together using an appropriate copper conductor

9.6.2 Practical Application

In a properly implemented amateur radio station:

« The metal tower is grounded using a ground rod

 The lightning arrestor is connected to the same grounding system

« Equipment inside the operating room is bonded to a unified ground point

» The household electrical ground is connected to the same grounding network

All grounding points are then bonded together to ensure no voltage difference

exists between them.

Important Note
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In some cases, partial isolation techniques may be used to reduce RF noise.

However, even in such cases, grounding is not completely isolated; instead, it is

connected in a controlled manner that ensures electrical safety.

GROUNDING SYSTEMS IN AMATEUR RADIO STATION

INCORRECT METHOD €3
Disconnected & Unrelated Grounding Points J

Lightning Arrestor
(Surge Protector)

Transceiver

Mast ¢ & Equipment

(Tower) p

Mast Ground

Isolated
Earth Rod

AC Ground

Isolated
Earth Rod

Coax Ground
Isolated
Earth Rod

Equipment Ground

Isolated
Earth Rod

AC Panel
(Mains)

Single & Bonded Grounding System (Equipotential Grounding)

q

H Lightning Arrestor Transceiver AC Panel
(TMo:vs:y) ’: (Surge Protector) & Equipment (Mains)

)

X

52

CR D

D002

i

=== |

Unsafe and Incorrect
Potential differences between ground points can cause currents
to flow through equipment, coax, or AC wiring during lightning
or electrical surges.

A

'

Safe and Effective
All points are at the same ground potential (equipotential),
providing the best protection for equipment and users.

v
x Incorrect: Disconnected & unrelated grounds (bad)

J Correct: Single & bonded ground (good)

System Name

2 D
( SINGLE-POINT GROUNDING SYSTEM } ( # Z ]Dé
\ (Equipotential Grounding System)

Call Sign

N==s

=

Figure (9-2): Grounding system

9.7 Practical Safety

Practical safety practices are essential to ensure the safe operation of an

amateur radio station and to protect both the user and the equipment from

potential hazards.
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They also contribute to improved performance efficiency and help reduce faults

and interference during operation.

9.7.1 Antenna Handling:

e Do not touch the antenna during transmission
e Installitin a high and safe location

e Keep it away from people

9.7.2 Power Handling:

e Use the lowest power level that achieves communication

e Avoid operating at high power without necessity

9.7.3 During Installation:

e Stay away from electrical power lines
e Ensure the antenna is properly secured

e Use appropriate tools

9.7.4 Operating Environment:

e Organize and manage cables properly

e Avoid humidity and moisture

e Keep equipment away from heat sources

9.8 Operational Notes

e Do not use an occupied frequency

e Ensure all connections are secure
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e Monitor power levels
e Be aware of sources of interference
The cause of interference may be simple, but ignoring it can significantly affect

communication quality.

9.9 Chapter Summary

Interference is one of the most common issues in radio communications and may
originate from natural sources, man-made sources, or other stations. Adhering to
proper safety practices-such as grounding, correct power usage, and safe
antenna installation-helps improve communication quality and protect both the

equipment and the operator.
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Chapter 10: Review and Concept Reinforcement

10.1 Importance of Review

After studying the concepts of amateur radio, the next step is to connect these
concepts together to understand the complete picture.
True understanding does not rely solely on memorizing information, but on the
ability to:

e Link concepts together

e Interpret what happens during communication

e Make correct decisions during operation
A skilled operator does not rely only on rules, but understands when to use them

and how to apply them.

10.2 Communication Process

The radio communication process goes through several interconnected stages:
e Selecting the appropriate frequency
e Adjusting the equipment
e Using the antenna
e Transmitting the signal
e Receiving the response

Any issue in one of these stages can affect the overall communication quality.

10.3 Concept Integration

The relationship between the chapters can be summarized as follows:
e The frequency spectrum - determines where communication takes place

e Propagation = determines how far the signal travels

g
and Practicing Amateur Radio in Saudi Arabia UPDATED AND REVISED EDITION

AMATEUR RAD‘U | FUNDAMENTALS FOR BEGINNERS A Practical Guide to Understandin 2026 EDITION m

N/ \/"A\/\/\riff



@g | AMATEUR RADIO FUNDAMENTALS FOR BEGINNERS

| A Practical Guide to Understanding and Practicing Amateur Radio in Saudi Arabia BY ABDULRAHMAN AL-SHAHRANI DG ‘

e Equipment — performs the transmission and reception process
e Antennas — affect signal quality and range
e Operation = organizes how communication is conducted
e Safety — protects both the operator and the equipment
Successful communication depends on the integration of all these elements, not

just a single factor.

10.4 Practical Scenarios

10.4.1 Scenario One:

An HF frequency was used at an inappropriate time, and no signal was received.
What is the likely cause?

It may be related to propagation conditions or improper frequency selection.

10.4.2 Scenario Two:

High transmission power was used, yet the signal did not reach a long distance.
What is the influencing factor in this case?

It is most likely related to the antenna or the radiation angle.

10.4.3 Scenario Three:

Continuous interference is experienced during operation inside the home.
What is the likely cause?

It may be man-made interference from electrical devices.
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10.5 Key Concepts

e Frequency: The number of cycles per second
e Signal: The medium used to carry information
e Power: The amount of energy used for transmission
e SWR: A measure of antenna efficiency
e Q-codes: Abbreviations used to facilitate communication
e Callsign: The station’s identity
These concepts form the foundation for understanding all aspects of amateur

radio.

10.6 Licensing Levels

After completing this content, the reader becomes able to:

e Understand the fundamentals of radio communication

e Use equipment correctly

e Select the appropriate frequency

e Improve communication quality
It is always recommended to start with listening—then more listening, and
continued listening. After gaining familiarity with protocols and conversation
style, and when ready to make a contact, attention should be given to:

e Choosing the appropriate frequency

e Ensuring the frequency is clear

e Using the call sign correctly

10.7 Readiness for Practice:

After completing this content, the reader becomes able to:

e Understand the fundamentals of radio communication
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e Use equipment correctly

e Select the appropriate frequency

e Improve communication quality
It is always recommended to start with listening—then more listening, and
continued listening. After gaining familiarity with protocols and conversation
style, and when ready to make a contact, attention should be given to:

e Choosing the appropriate frequency

e Ensuring the frequency is clear

e Using the call sign correctly

10.8 Book Summary:

Amateur radio combines:

e Technical knowledge

e Practical skills

e Regulatory compliance
This book has covered the fundamentals that help in understanding this hobby,
starting from general concepts to technical and operational aspects. These
foundations significantly support passing the amateur radio license exam with a
high success rate—provided that the reader has reviewed all chapters,
understood the concepts v'n, studied the examples and practical applications,
and consistently reviewed the material.
It is also recommended not to rely solely on theory, but to actively listen to
amateur radio stations, as this plays a major role in reinforcing understanding

and gaining practical experience.
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Appendix A: Reinforcing Key Concepts for the Exam

This appendix is designed to reinforce key information that frequently appears in
the exam, presented in a concise format to support quick review without relying
on traditional question-based methods.

It also includes brief summaries and reference tables that can be consulted

when needed.

A.1 Basic Q Codes:

Q codes are used to facilitate communication between stations, and each code
has a specific meaning that must be clearly distinguished. Some of the most
common include:

QTH, QRM, QRN, QSL, QSY, QRG, QRO

Confusion may occur between certain codes—especially between QRM and QRN -
so attention must be paid to the source of interference.

Reinforcement Questions:

« Which code indicates noise caused by lightning?

« Which code is used to change frequency?
A.2 Complete Q-Code List:

Q codes represent a set of abbreviations used in radio communications to enable
fast and clear information exchange.

Note:

This table is intended as a quick reference. It is not required to memorize all
codes, as the focus has been placed earlier on the most commonly used codes in

the amateur radio service.
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Code

Question Meaning

Answer Meaning

QRA
QRB
QRG
QRH
QRI

QRK
QRL
QRM
QRN
QRO
QRP
QRQ
QRS
QRT
QRU
QRV
QRX
QRZ
QSA
QsSB
QSD
QSG
QSK

QSL

What is your station name?

What is the distance between us?

What is my frequency?

Is my frequency varying?
How clear is my signal?

What is signal readability?

Is the frequency busy?

Is there interference?

Is there natural noise?

Shall I increase power?

Shall I reduce power?

Shall I send faster?

Shall I send slower?

Shall I stop transmitting?

Do you have anything for me?
Are you ready?

When will you call again?
Who is calling me?

What is signal strength?

Is signal fading?

Is my transmission distorted?
Shall I send multiple messages?
Can I interrupt?

Do you confirm receipt?

My station name is
Approximate distance
Your frequency is
Your frequency is unstable
Signal is clear
Readability (1-5)
Frequency is busy
There is interference
There is noise
Increase power
Reduce power
Increase speed
Reduce speed

Stop transmission
Nothing

I am ready

Wait

You are being called
Signal strength (1-5)
Signal is fading
Transmission is distorted
Send messages
Interruption allowed

Message received
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QSM Shall I repeat? Repeat transmission
QSN Did you hear me? I heard you

QSO Canyou communicate? Communication established
QSP  Willyou relay? I will relay

QST General call Broadcast message
QSU Shall I send or receive? Send/Receive

QSV ShallIsend aseries? Send series

QSX Areyou listening elsewhere? Listening on...

QSY ShallI change frequency? Change frequency
QSZ ShallIsend twice? Send twice

QTA ShallI cancel? Message canceled
QTB Do you agree? I agree

QTC Do you have messages? I have messages
QTH What is your location? My location is

QTR What is the time? The time is

Figure (A-1): Q-Code table for amateur radio

A.3 International Phonetic Alphabet

Used to clearly spell letters during communication.
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Charlie
j Delta
‘ Echo

Foxtrot

Golf

Hotel

‘ India

i Juliett
Kilo
Lima
Mike
November
Oscar

\ Papa

| Quebec

; Romeo

l Sierra

i Tango

‘\ Uniform

\ Victor

\ Whiskey

\ X-ray

‘ Yankee

Zulu

N<XXS<CCH0WIODPOZErNrRC=IO0OMMOO® >

((g»)) INTERNATIONAL PHONETIC
ALPHABET

Also Known As: NATO Phonetic Alphabet

AL-FAH
BRAH-VOH
CHAR-LEE
DELL-TAH
ECK-OH
FOKS-TROT
GOLF
HOH-TEL
IN-DEE-AH
JEW-LEE-ET
KEY-LOH
LEE-MAH
MIKE
NO-VEM-BER
OSS-CAH
PAH-PAH
KEH-BECK
ROW-ME-OH
SEE-AIR-RAH
TANG-GO
YOU-NEE-FORM
VIK-TAH
WISS-KEY
ECKS-RAY
YANG-KEY
Z00-LOO

=
NOTE:

This alphabet is used worldwide to clearly communicate letters
over radio and avoid misunderstandings.

Figure (A-2): Phonetic alphabet

Used for:

o Callsign spelling

o Names clarification

Check your understanding:

How would you pronounce: HZ2AB?
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A.4 Frequency Bands
e HF:3-30 MHz
e VHF:30-300 MHz
e UHF:300 MHz - 3 GHz
HF - long-distance communication

VHF - local communication

Frequency Range (Start — End) License Class Max Power

160 m (HF) 1810 — 1850 kHz Class 1 500 W

80 m (HF) 3620 - 3635 kHz Class 1 200 W

40 m (HF) 7.0-7.2 MHz Class 1 200 W
R

20 m (HF) 14.0 - 14.35 MHz Class 1 200 W

17 m (HF) 18.068 — 18.168 MHz Class 1 200w

15 m (HF) 21.0 - 21.45 MHz Class 1 200 W

12 m (HF) 24.89 — 24,99 MHz Class 1 200w

10 m (HF) 28.0 - 29.7 MHz Class 1 200w

6 m (VHF) 50.0 - 54.0 MHz Class 1 100 W

2 m (VHF) 144.0 - 146.0 MHz Class1/Class2 50W
R

1.25cm (SHF)  24.000 - 24.050 GHz Class1/Class2 50W

6 mm (EHF) 47.00 - 47.20 GHz Class 1/ Class 2 50w

4 mm (EHF) 77.50 — 78.00 GHz Class1/Class2 50W

2 mm (EHF) 134.0 -136.0 GHz Class 1/ Class 2 50w

1.2 mm (EHF) 248.0 — 250.0 GHz Class 1/ Class 2 50 W

Figure (A-3): Frequency bands
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A.5 Signal Reports

Used to describe signal quality:

o First digit: Readability (1-5)
o Second digit: Strength (1-9)

o Third digit: Tone (for Morse/digital)
Examples:

e 59 - Strong and clear

e 33 - Weak and unclear

A.6 Electrical Power

P =V xI
Increasing power may:

o Improve signal

o Cause interference

A.7 Interference

e« OQRM - man-made (stations)

e QRN - natural noise

A.8 Antennas

o Affect communication range
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e Gain controls direction

« SWR measures efficiency

SWR = 1:1 - Excellent

A.9 Safety

« Do not touch the antenna during transmission
« Avoid working near electrical power lines
« Use proper grounding

Safety is an essential part of operation, not an optional addition.

Reinforcement Question:

Why is it not recommended to stand near the antenna during transmission?
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Appendix B: Practical Scenarios

This appendix aims to train the reader to analyze real-life situations similar to
those encountered during operation, by linking theoretical concepts with

practical application.

B.1 Interference and Signal:

Scenario:

While listening on a frequency, you notice continuous noise resembling static
caused by lightning, with no clear stations present.

What is the most likely explanation?

This indicates natural noise (QRN).

B.2 Frequency Selection:

Scenario:

An operator attempted long-distance communication using the VHF band but
was unable to reach far distances.

What is the likely reason?

The VHF band relies on line-of-sight propagation and is not suitable for long-

distance communication.

B.3 Q Codes:

Scenario:
An operator says: QSY 145.500
What does this mean?

A request to change the frequency to 145.500 MHz.
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B.4 Signal Reports:

Scenario:
You received a signal report: 59
How can this be interpreted?

A strong and clear signal.

B.5 Antennas:

Scenario:

Two stations are using the same equipment and the same power, but one
reaches a longer distance.

What is the most influential factor?

The antenna type or its installation.

B.6 SWR:

Scenario:
An operator notices a high SWR value.
What is the likely result?

Power loss and weak transmission, with a risk of equipment damage.

B.7 Safety:

Scenario:

A person stands near the antenna during high-power transmission.
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What is the potential risk?

Exposure to unsafe radio frequency radiation.

B.8 Power:

Scenario:

Transmission power is significantly increased, but communication does not
improve.

What is the explanation?

Power is not the only factor; the issue may be related to the antenna or

frequency.
B.9 Propagation:

Scenario:
You are able to hear a distant station but not a nearby one.
What is the most likely explanation?

The skip distance phenomenon.

B.10 Phonetic Alphabet:

Scenario:

A call sign is spoken using non-standard words.

What is the likely result?

Misunderstanding during communication and the impression of an

unprofessional operator.
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Amateur Radio License Exam Question Bank

Inspired by the ARRL style and international exam models
Notice: These questions are for training and educational purposes only and are

not official exam questions.

B.11.1 Technician Level — Technical Questions

T2A01

What is the function of a repeater?
A) Reduce signal

B) Increase range

C) Reduce noise

D) Store signals

T3C01

Which band is commonly used for satellite communication?
A) LF

B) HF

C) VHF/UHF

D) ELF

T5B01

What is the unit of electrical voltage?
A) Ampere

B) Volt

C) Ohm

D) Watt

T5C01

If the voltage is 12 V and the resistance is 6 Q, what is the current?
A)0.5A

B)2A

C)6A

D)72A
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T7B01

What does SWR = 3:1 indicate?
A) Perfect transfer

B) Partial power reflection

C) No loss

D) Increased frequency

T8AO01

What does FM stand for?
A) Amplitude Modulation
B) Frequency Modulation
C) Phase Modulation

D) Power Modulation

T5C02

If the current is 3 A and the resistance is 4 Q, what is the voltage?
A7V

B)12V

)13V

D)0.75V

T5C03

If the power is 24 W and the current is 2 A, what is the voltage?
A)12V

B)48V

C)22v

D)6V

T6A01

What is the function of a resistor?
A) Store energy

B) Reduce current

C) Generate signal

D) Amplify
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T6A02

What is the function of a capacitor?
A) Generate energy

B) Store charge

C) Reduce frequency

D) Increase current

T6A03

What is the function of an inductor?
A) Store magnetic energy

B) Reduce voltage

C) Increase frequency

D) Reduce power

T7A01

What is the function of a transceiver?
A) Transmit only

B) Receive only

C) Transmit and receive

D) Store

T7A02

What is the function of a receiver?
A) Transmit

B) Receive

C) Amplify

D) Store

T7A03

What is the function of a transmitter?
A) Receive

B) Transmit

C) Store

D) Reduce
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T7C01

What does SWR stand for?
A) Type of wave

B) Standing Wave Ratio

C) Power

D) Frequency

T7C02

What does a high SWR indicate?
A) High efficiency

B) Signal loss

C) Excellent transmission

D) No effect

T8A02

What is CW?
A) Voice

B) Morse code
C) Video

D) Data

T8A03

What is SSB?

A) Full wave

B) Single Sideband
C) Digital wave

D) Broadcast

T8B0O1

Which mode commonly uses voice?
A) CW

B) FM

C) RTTY

D) Packet
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T8B02

Which mode is more efficient?
A) AM

B) FM

C) SSB

D) TV

T9A01

What is the function of an antenna?
A) Store

B) Convert signals

C) Amplify

D) Reduce

T9A02

What does Gain refer to?
A) Loss

B) Signal concentration
C) Noise

D) Frequency

T9A03

What happens when the antenna height increases?
A) Range decreases

B) Range increases

C) Stops

D) Noise increases

TOAO1

What is the danger of high voltage?
A) Nothing

B) Electric shock

C) Reduce frequency

D) Increase power
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TOAO02

Why is grounding important?
A) Sound

B) Protection

C) Power

D) Frequency

B.11.2 General Level

G1A01

What is the typical maximum allowed transmission power?
A) 100 watts

B) 500 watts

C) 1500 watts PEP

D) 50 watts

G2A01

What does QSO mean?

A) Device

B) Contact (communication)
C) Antenna

D) Frequency

G3B01

What is the main factor affecting HF wave reflection?
A) Humidity

B) Solar activity

C) Pressure

D) Wind

G5C01

What is Ohm’s Law?
A)V=IR

B) P=VI

C)F=ma

D) E = mc?
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G5C03

If the power is 100 W and the resistance is 50 Q, what is the approximate
voltage?

A)22V

B) 70V

C)5Vv

D) 100V

G7C01

What is the effect of high cable loss?
A) Increased power

B) Weak signal

C) Improved gain

D) Increased frequency

G9A01

What is an advantage of a directional antenna?
A) Omnidirectional coverage

B) Higher gain in a specific direction

C) Lower cost

D) Random pattern

G1B0O1

Why is it important to know authorized frequency bands?
A) Increase power

B) Avoid violations

C) Improve audio

D) Reduce frequency

G2A02

What does QTH mean?
A) Location

B) Power

C) Audio

D) Frequency
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G2A03

What does QRM mean?
A) Strong signal

B) Interference

C) Clear audio

D) Transmission

G3A01

What is the troposphere?
A) Ground layer

B) A layer close to the Earth
C) Reflective layer

D) Cold layer

G3A02

What is the ionosphere?

A) A layer that reflects HF waves
B) Ground layer

C) Pressure layer

D) Heat layer

G4A01

What is the function of a power supply?
A) Transmit

B) Provide electrical power

C) Reduce frequency

D) Amplify

G4A02

What is AC?

A) Direct current

B) Alternating current
C) Digital current

D) Constant current
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G4A03

What is DC?

A) Alternating current
B) Direct current

C) Pulsed current

D) Digital current

G5B01

What is the unit of power?
A) Volt

B) Watt

C) Ampere

D) Ohm

G5B02

What is the unit of frequency?
A) Hertz

B) Volt

C) Ampere

D) Watt

G5B03

What happens to wavelength when frequency increases?
A) Increases

B) Decreases

C) Remains constant

D) Disappears

G6A01

What is the function of a diode?
A) Amplify

B) Allow current in one direction
C) Store energy

D) Reduce
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G6A02

What is the function of a transistor?
A) Store

B) Amplify

C) Reduce

D) Convert

G7A01

What is an amplifier?
A) Reduce

B) Increase signal

C) Store

D) Modify

G7A02

What is cable loss?
A) Increase

B) Signal loss

C) Amplification

D) Reduction

G8A01

What is digital modulation?
A) Voice

B) Data

C) Video

D) Wave

B.11.3 Extra Level
E2A01

Why is SSB more efficient than AM?
A) Larger bandwidth

B) Higher power efficiency

C) More noise

D) Higher consumption
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E5C02

If the power is 200 W and the voltage is 100 V, what is the current?
A)0.5A

B)2A

C)20A

D) 100 A

E6CO1

What is the function of a band-pass filter?
A) Pass all frequencies

B) Pass only a specific range of frequencies
C) Remove all signals

D) Amplify

E7B01

What is the function of a mixer in a receiver?
A) Amplify

B) Convert frequency

C) Store

D) Reduce

E9DO1

Why is a directional antenna used in DX communication?
A) Reduce power

B) Focus signal over long distances

C) Reduce frequency

D) Random radiation

E1A01

Why is compliance with regulations important?
A) Increase power

B) Legal compliance

C) Improve audio

D) Reduce frequency
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E2B01

What is digital modulation?
A) Voice

B) Digital data

C) Video

D) Wave

E3AO0L1

What is reflection?
A) Passing through
B) Bouncing back
C) Absorption

D) Scattering

E4A01

What is noise?

A) Useful signal

B) Unwanted interference
C) Power

D) Frequency

E5B01

What is power?

A) Voltage

B) Energy per unit time
C) Current

D) Resistance

E5CO03

If the power is 400 W and the resistance is 100 Q, what is the voltage?
A) 200V

B)20V

c)aov

D) 400V
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E6C02

What is the function of a low-pass filter?
A) Pass high frequencies

B) Pass only low frequencies

C) Amplify

D) Remove all signals

E7B02

Why is an intermediate frequency (IF) used in receivers?
A) Increase power

B) Simplify processing and filtering

C) Only reduce frequency

D) Reduce voltage

E8C02

What is the advantage of FEC in digital communications?
A) Increase noise

B) Error correction

C) Reduce power

D) Always reduce speed

E9D02

What is the effect of increasing antenna height?

A) Reduce range

B) Improve radiation angle and communication range
C) Increase noise

D) Reduce gain
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B.11.4 Technician Level — Answer Key:
T2A01 - B

T3C01-~>C
T5B01 —~ B
T5C01 - B
T7B01 - B
T8A01 -~ B
T5C02 -+ B
T5C03 > A
T6A01 - B
T6A02 - B
T6A03 » A
T7A01->C
T7A02 - B
T7A03 - B
T7C01—-B
T7C02->B
T8A02 - B
T8A03 - B
T8B01 - B
T8B02 > C
T9A01 - B
T9A02 - B

T9A03 - B
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TOAO1 -~ B

TOAO2 » B
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B.11.5 General Level — Answer Key:

GlA01-~C
G2A01 -8B
G3B01-B
G5C01 -~ A
G5C03 - B
G7C01-B
G9A01 - B
G1B01 - B
G2A02 - A
G2A03 - B
G3A01-B
G3A02 - A
G4A01 - B
G4A02 - B
G4A03 - B
G5B01 - B
G5B02 - A
G5B03 - B
G6A01 - B
G6A02 - B
G7A01- B
G7A02 - B

G8AO01 - B
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B.11.6 Extra Level — Answer Key:

E2A01 -+ B
E5C02 - B
E6C01 - B
E7B01 - B
E9D01 - B
E1A01 - B
E2B01 -~ B
E3A01-B
E4A01 - B
E5B01 - B
E5C03 = A
E6C02 - B
E7B02 - B
E8C02 - B

E9D02 - B
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Note:

Some concepts have been simplified and presented progressively to suit
beginners, while maintaining scientific accuracy in accordance with established

practices in the field of radio communications.
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CLEAR EXPLANATIONS
((( ))) Understand radio theory,
A electronics, antennas,
propagation, and more
with easy-to-follow
explanations.
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A Practical Guide to Understanding and Practicing S ol
T ; ; required for the Saudi
Amateur Radio in Saudi Arabia Ammaiets Radio likensa
Exam (Class A & B)

Amateur Radio is more than a hobby—it's a science, a skill,
and a global community that connects people across distances \

with practice questions.

and empowers them to communicate, experiment, and innovate.

This book is your complete beginner's guide to entering that f
exciting world. O PRACTICAL GUIDE ) e — [
&0 Learn how to set up ¢ Rk 14.195‘706 =

Written specifically for aspiring radio amateurs in Saudi Arabia, your station, choose = et h e v
this practical guide explains essential concepts in clear, simple equipmenC and'operale ™| . | SIURINNE (S
language and provides the knowledge needed to pass the ::ﬁ;:i'tz)r’ai?: | G e I
Saudi Amateur Radio License Exam. It also serves as a valuable L R i )
reference for everyday use in your amateur radio journey. o "
Whether your goal is to communicate locally, connect via GLOBAL COMMUNITY
satellites, support emergency communications, or simply enjoy @ Join a worldwide
the science of radio—this book will help you build the network of licensed
foundation with confidence. amateurs and be part

of a community that

makes a difference.
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BEGINNER FRIENDLY ) PRACTICAL & APPLIED COMPLIANT & RELIABLE o0o FOR EVERY ASPIRING
No prior experience? El Real-world examples, Aligned with Saudi [Gm RADIO AMATEUR
No problem. Start ==—" diagrams, and step-by-step regulations and international Students, hobbyists, and
from the basics. explanations. amateur radio standards. professionals alike.
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