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Training Notes: Class A Radio Amateur Licence Examination

The Class A Licence Exam

The RA23 exam will be managed and administered by the Mauritius Amateur Radio Society
(M.A.R.S) on behalf of the I.C.T.A in a mutually agreed format.

The examination is a written examination of 60 multgheice questions, each with 4 possible
answersbased on th#auritius Class A syllabus. The time allowed for the examination lvéltwo hours
(120 minutes).

A pass of the Class B examination is an entry requirement for the Class A examination medraene
are no set age limits for commencistgdy, although it should be noted that the minimum age to hold a
Radio Amateur licence in Mauritius is 16 years of age.

Examination results will be notifieoly MARSto the ICTA licensing department. Candidatg® have
successfully passed the examinatiomst use the ICTA appropriate Radio Amateur licence application
form when applying for a licence. . Examinations will be carried out at a MARS DESIGNATED
examination Centre.
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Section 1i Operating and Licensing conditions

Licensing Conditions

International Telecommunications Union (ITU)

The International Telecommunication Union (ITU) is the United Nations agency

for information and communication technologies.

The ITU Radio Recommendations govern the legal and technical requirements of all
users of radio frequencies, whether they be government, commercial, amateur or any
other group.

The Radio Regulations that are relevant for Radio Amateur Licence Examination

candidates are covered in this section of the Training Notes.

Purpose of the Amateur Service

The Radio Regulations define the Amateur Service as a radio communication service for
the purpose of:

Self-training,

Intercommunication and

Technical investigations
carried out by amateurs, that is, by duly authorised persons interested in radio

technique solely with a personal aim and without pecuniary interest

Permitted Communications

Radio communication between amateur stations in different countries:

a. Is permitted unless the administration of one of the countries concerned has
notified that it objects to such radio communications

b. Is limited to communications incidental to the purposes of the amateur
service and to remarks of a personal character

c. Cannot be encoded for the purpose of obscuring their meaning, except
for control signals exchanged between earth command stations and space
stations in the amateur-satellite service.

(So, for ordinary communications, Morse Code can be used, as can any other form of
encoding, such as computer-generated digital modes, provided the form of encoding is
not secret)
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Section 1.1 Operating and Licensing Conditions

In general, licensed amateur stations are permitted only to contact other licensed
amateur stations. This restriction and the restriction on the content of transmissions
(point b. above) may be eased for communications on behalf of third parties in case of
emergencies or disaster relief.

An example of the emergency communications referred to above would be where radio
amateurs operators taking part in providing support communications facilities during a
national emergency (e.g. cyclone). In such cases, licensed radio amateur operators
are permitted to pass third party messages for, and on behalf of, designated
Emergency Services such as the Police, Coast Guard, Fire Service and other
Government designated agencies.

Call Sign Usage

Amateur stations are required to transmit their call sign when establishing a contact
with another Amateur and at least once every 15 minutes during the course of
ongoing transmissions.

Call signs must be suffixed with /A when operating from an alternative location (i.e.
away from the main station address), /P when operating portable, /M when operating
from a land based mobile and with /MM when operating maritime mobile.

When operating /A, /P, /M or /MM it is useful to periodically broadcast the location

or position of the station for reference purposes.

Primary and Secondafflocations

Frequency allocations are allocated by the ITU on a Primary or Secondary basis
T in effect, determining the priority of the individual radio services.
Most of the amateur bands, within the scope of the exam syllabus, are allocated on
a Primary basis
[Although outside the scope of the exam syllabus, it is worth noting that some of
these allocations are on a Primary Shared basis, i.e. the band is shared with other
non-amateur primary users]
Some of the amateur bands within the scope of the exam syllabus are allocated on a
Secondary basis (see Operational Bands)

o The 10 MHz, 50 MHz bands are allocated to radio amateurs

on a Secondary basis

The Radio Regulations specify that stations with a Secondar y al |l ocati on
o shall not cause harmful interference to stations of Primary services,
and

o cannot claim protection from harmful interference from stations with a
Primary allocation

Emission Designations

The ITU uses an internationally agreed system for classifying radio frequency
signals. Each type of radio emission is classified according to a number of factors
which describe the characteristics of the signal i not the transmitter used.
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Section 11 Operating and LicensingConditions

This classification, referred to as the Emission Designation, has a minimum of
3 characters, showing:

1. Type of modulation
Example: J = Single-sideband, suppressed carrier
Example: F = Frequency modulation
2. Nature of modulating signal
Example: 1 = One channel containing digital information, no subcarrier
Example: 3 = One channel containing analogue information
3. Type of information transmitted
Example: D = Data, e.g. RTTY
Example: E = Telephony, e.g. voice
For purposes of the exam, these emission designations should be known:

A1A = CW (Morse, on/off keying of the carrier)

J3E = SSB (single sideband, suppressed carrier, speech)
A3E = AM (amplitude modulation, speech)

F3E = FM (frequency modulation, speech)

F1B, F2B, J2B = RTTY / AMTOR

F1D, F2D, J2D = Packet / Data

Oo° 0o o o

Section 1

Licensing Conditions

National Regulations and Guidelines

Telecommunications Act

The Information and Communications Technologies Act 2001 (as amended),
provides for the licensing and regulation of all commercial and amateur radio stations
in Mauritius.

The Act deals primarily with administrative requirements that are not relevant for
exam purposes. However, these Class A course notes cover the issues in the Act
that are within the scope of the exam Syllabus.

ICTA Regulations and Guidelines
The Information and Communications Technologies Authority (ICTA) is the statutory
government body in Mauritius responsible for the regulation of the electronic
communications sector (telecommunications, radio communications and
broadcasting transmission, etc.).

ICTA is therefore responsible for the regulation of radio amateur station licences.

| CT ARéadso Amateur Licence Conditions sets out the terms under which an
amateur station must be operated i for example, the frequency bands, operating
modes and power limits as well as technical and engineering requirements.

These Guidelines form an important part of the Licensing Conditions section of the

examination Syllabus.
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Section 11 Operating and LicensingConditions

It is important to note that the ICTA Radio Amateur Licence Conditions do not
exempt the licensee from having to comply with any other statutory requirements or
obligations as may apply (for example - safety, etc.)

Operational Bands
Annex 1 of the ICTA Licence Conditions includes full details of the frequency bands
which an amateur station is authorised to operate on, along with details of the power
limits, modes and other stipulations for each band. By way of example, the
frequencies covered in the table range from 1.8 MHz to 440,000 MHz However, the
Syllabus covers the full table as published by ICTA in Annex 1 of the RA 23 licence
document, a copy of which will be supplied to candidates during the examination.

The table below shows an example of commonly used frequency allocations, the
status of these allocations and power limits, all of which would be relevant for exam

purposes.
Frequency (MHz) Status Power Limit
1.8101.850 Primary 800W (29 dBW)
3.5003.800 Primary 800W (2 dBW)
7.0067.200 Primary 800W (2 dBW)
10.10010.150 Secondary 800W (2 dBW)
14.00014.350 Primary 800W (2 dBW)
18.06818.168 Primary 800W (2 dBW)
21.00021.450 Primary 800W (2 dBW)
24.89024.990 Primary 800W (2 dBW)
28.00029.700 Primary 800W (2 dBW)
50.00052.000 Secondary 800W (2 dBW)
144.000146.000 Primary 800W (2 dBW)
430.000432.000 Primary 800W (2 dBW)
432.000440.000 Primary 800W (29 dBW)

See Primary and Secondary Allocations for more information on Status
For the purposes of the above Power Limits, the power is measured at the final
output of the transmitter or amplifier.
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Section 11 Operating and LicensingConditions

Land Mobile

Where an amateur station is installed in a land-based vehicle the following additional provisions
apply ¢é

The call sign must be suffixed by 06/ Mbd
The particul ars of tiorhneust beosént at tke beginrang and end
of a contact with each station or at intervals of 15 minutes.

Maritime Mobile
An amateur station operating on water i whether at sea or on any waterway / river /
lake T is considered to be a maritime mobile station, and is subject to the following

additional provisions &
Approval to operate is required from the
The call sign must be suffixed by o6/ MMb

(sl a:
s |l oc
Ship
(Asl a

The particulars of t he pasitiob mustde serit @ the begindirsg g e o

and end of a contact with each station or at intervals of 15 minutes whichever is the
more frequent. This geographic position must be included in the logbook when
recording communications

The amateur station cannot be used for the sending or receipt of any message which
would, if there were no amateur station on the vessel, be sent by means of the
vessel 6s wireless telegraphy station
The amateur station must not interfere with the wireless telegraphy station on the

vessel. Should such interference occur, use of the amateur station must cease until the

cause of the interference has been remedied.

Logbook Keeping

A detailed logbook must be kept up to date at the amateur station, and made available
for inspection at the request of ICTA. The details to be included in the logbook are i

1. dates of transmission

2. the times in UTC during each day on the first and last transmissions from the stati
and changes made to the frequency band, mode of emission or power

3. frequency band of transmission

4. mode of transmission

5. power level (dBW or W)
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Section 11 Operating and LicensingConditions

6. details of tests carried out
7. the call sign of licensed amateur stations with which communications have
been established, and
8. location when the station is operated other than at the main amateur station address

A logbook may typically include additional information, such as signal reports sent and
received and/or the name and QTH of the person contacted, however this information
is entirely optional

Additional Authorisations
An amateur station licence permits the keeping and operation of an amateur station,
using the frequency bands, modes and powers specified in the licence i these bands
/ modes / powers would generally be those specified in Annex 1 of the ICTA
Guidelines (see the reference to Annex 1 in Operational Bands)

The amateur station licence also specifies the call sign to be used
Additional privileges or other licence types may be requested: typically, these

mighti ncl ude &

o Additional frequency bands and / or power levels, for experimental purposes
o Licence to operate a station marking a special event or occasion

Automatic or remote station licence (for example, a repeater, beacon or
stand-alone Internet gateway)

Formal authorisation from ICTA is required for using any of the above.

Technical Requirements
The general conditions attached to an amateur station licence include a number of

technical requirements for the purposes of ensuring that:

a. no harmful interference is caused to other licensed services, and
b. the amateur station is constructed and maintained in such a manner as to

ensure that the safety of persons or property is not endangered

The licence conditions do not include detailed equipment specifications. However a
number of broad requirements are listed;

Mechanical and electrical construction of the amateur station installation must be in
accordance with best practice

All controls, meters, indicators and terminals should be clearly labelled

The licensee should have a device capable of measuring Standing Wave

Ratio (SWR). See VSWR
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The licensee must have an accurate method to ensure that operations take place on
the correct frequency. In the case of home constructed equipment a simple frequency
counter or synthesised main receiver/ transceiver would suffice. See Frequency
Counter

Attention should be paid to the location of antennas and feeders in regards to their
proximity to buildings and areas accessible to third parties. Particular care should be
taken when operating at temporary locations for the purposes of contests, expeditions
and during mobile use. See Antenna (Aerial) Safety.

The licensee must ensure that non-ionising radiation emissions from their amateur

station are within any limits specified by the guidelines published by the ICTA.

The I CTA Guidelines include | imits for spur
radiationo), which vary according to freque
transmitter.

o Quantitative limits for non-ionising radiation or spurious emissions are not
within the scope of the exam syllabus, however the aims of these limits should
be understood: see Non-lonising Radiation and Electromagnetic Compatibility
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Licensing Conditions

CEPT Regulations

CEPT and Amateur Radio

CEPT i The European Conference of Postal and Telecommunications Administrations
Is a European organisation where policy makers and regulators collaborate to
harmonise telecommunication, radio spectrum, and postal regulations

Two areas of CEPTO6s work have been of signific

a. The Harmonised Amateur Radio Examination Certificate (HAREC), which
enables radio amateurs who have successfully passed a HAREC-standard
exam in one country to obtain a licence in another country (the Mauritius
Class A examination is a HAREC-standard examination)

b. Arrangements which make it possible for radio amateurs from CEPT
countries to operate during short visits to other CEPT countries without
obtaining an individual temporary licence from the visited CEPT country

The CEPT regulations regarding operation during visits to other participating
countries T i.e. point (b) above are not within the scope of the exam syllabus and
are outlined on the next page for information

CEPT Radio Amateur Licence

Under CEPT Recommendation T/R61-01, t he hol der of a ACEPT R
Licenced may, when visiting a countr¥9l,that h
operate on all frequency bands allocated to the amateur service that are authorised in

the country being visited. These arrangements are subject to a number of conditions,

including i

These arrangements are valid only for non-residents, for the duration of their temporary

stays.

The regulations (frequencies / modes / power limits etc.) in force in the country being

visited must be observed

Technical restrictions imposed by national, local or public authorities must be

respected Protection against harmful interference cannot be requested by the visitor

The visitor must use his/her call sign preceded by the call sign prefix of the visited

country, with the character 6/ 6 (Aistrokeo) s

Example: Mauritius visitor to Scotland: GM/3BXABC
Example: UK visitor to Mauritius: 3Bx/G3ABC
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[Note: some countries require the visited country's call sign prefix to be preceded by
a number indicating the region where the station is operating]6

A number of non-European countries that are not members of CEPT, have adopted
Recommendation T/R 61-01, allowing visitors to and from their countries to benefit
from these arrangements.

The details of participating countries is on the Information for Visitors to Mauritius
page of the ICTA web site (note that it is not necessary for exam purposes to know
which countries are in the list, nor is it necessary to know the call sign prefixes to be
used in visited countries other than the call sign prefixes specified in the Operating
Rules and Procedures section of the syllabus i see National Call Sign Prefix.

It should be noted that Mauritius is currently not a signatory to the CEPT
Recommendation T/R 61-01 and reciprocal licences must be applied for on a personal
basis.
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Operating Ruleand Procedures

Composition of Call Signs

A normal amateur radio call sign contains three sections:

i. one or two characters identifying the nationality of the operator (at least one
character will be a letter : letter-number, number-letter or letter-letter combination is
possible)

ii. asingle digit (i.e. a number)

iii. agroup of not more than four characters, the last of which must be a letter
There are many exceptions to the above rules (often for special event call signs)
however, for exam purposes only, the above normal rules are

relevant.

Some examples of correct call signs:
[The dashes (i) in these examples are included simply to highlight the separate call
sign sections, they are not part of the call sign]
3i Bi XYZ
2Ei 3i WRGD
Mi 61 A
And some incorrect call signs:
3Bi Ai BCD & no number in section (ii).
Eli 41 RGD7 6 ends in a number
21 61 A 0 no letter in section (i).

Mauritius Call Signs

In Mauritius, normal call signs consist of the country identification letters 3B ( A Thr e e
Bravoo) as the prefix, a single digit secon
three or four letter suffix

eg: 3B8xx (Mauritius Island 7 Class A licence)

eg: 3B8Bxx (Mauritius Island i Class B licence)

For (Class A) stations operating from other islands the prefix secondary locator digit
is used to identify the location

eg: 3B9xx 1 Rodrigues Island

eg: 3B6xx 1 Agalega Island

eg: 3B7xx 1 St. Brandon Island
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National Call Sign Prefixes

Call sign prefixes identify the country (and sometimes the region and licence class) of the
operator. Many hundreds of prefixes are in use. Exam candidates are expected to know
the principal call sign prefixes used in Europe and North America. These are listed in
Annex 1 of the Syllabus and are as follows:

OE Austria TF Iceland oM Slovakia

ON Belgium El Ireland S5 Slovenia

LZ Bulgaria I ltaly EA Spain

9A Croatia YL Latvia SM Sweden

5B Cyprus LY Lithuania HB Switzerland
OK Czech Republic LX Luxembourg UR Ukraine

oz Denmark 9H Malta G,M England

ES Estonia PA Netherlands GM,MM  Scotland

OH Finland LA Norway GW,MW  Wales

F France SP Poland GI,MI Northern Ireland
DL Germany CT Portugal GD,MD Isle of Man
SV Greece YO Romania GJ,MJ Jersey

HA Hungary UA Russia GU,MU Guernsey
K,NW USA VE Canada

ITU Radio Regions

The ITU has divided the world into three Regions for administrative purposes. In
summary the three Regions comprise:

Region 1: Europe, Africa, the Middle East, Russia, Iraqg and Mongolia

Region 2: North and South America, Greenland and some eastern Pacific
Islands
Region 3: Asia, Oceania (Australia and New Zealand) and Japan
The International Amateur Radio Union (IARU) is the worldwide representative body for
amateur radio and is organised in three Regions similar to those of ITU
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Band Plang Introduction

1. The three IARU Regions adopt voluntary recommended band plans for the frequency
bands allocated to the amateur service by the ITU. For exam purposes, we are
concerned only with the Region 1 band plans

2. Band plans allocate specific segments to particular modes based on bandwidth.
Typically CW is at the low frequency end of the bands, wide band modes such as SSB
or FM are at the high frequency end, with data modes somewhere between the two.

3. Note that CW may be used across all bands, except within beacon segments.

4. (Frequencies or segments reserved for propagation beacons should never be used for
normal transmissions)
5. Band plans are widely accepted by amateurs and adherence to them

minimises interference between modes
6. The band plans are defined in considerable detail to provide for a wide range of
requirements. The summary tables on the next two pages deal with key aspects of the
band plans that exam candidates should be familiar with
7. In some instances, the Region 1 band plan allows modes on certain frequencies that
the table of fARadi o Amat eluCT Aug hGuii deldi Fe ® q
permit. Also, | CTAOGs Guidelines would all ow
allocated under the band plan. Where the Guidelines and band plan differ, we have
adjusted the allocation so that it conforms to both, as well as simplifying them for
exam purposes
8. The band plans incorporate bandwidth limits, which would in practice qualify the
meaning of allocations such as daAl l modeso.
of the Training Notes, we have largely excluded references to bandwidth limits

Following on the adjustments referred to in notes 5, 6 and 7 above, it is important to note
that the band plan tables in this Guide are not intended to be definitive.

Region 1 Band PlarHF

Note: the data shown here has been simplified for exam purposes.

kHz Preferred Mode and Usage

1.8 MHz (160 metres) BaridContests Permitted
18101850 Ccw
18502000 All modes

3.5 MHz (80 metres) BaridContestdfermitted
35003510 | CW, priority for intercontinental operation
35103560 | CW, contest preferred
35603580 | CW
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kHz Preferred Mode and Usage
35803600
36003650 | All modes, SSB contest preferred
36503700 | All modes
37003800 | All modes, SSB contest preferred
37753800 | All modes, priority for intercontinental operation
Lowest dial setting for LSB voice mode is 3603
7 MHz (40 metres) Band Contests Permitted
70007040 cw
70407050 Narrow band modesdigimodes
70507060 | All modes
70607100 | All modes, SSB contest preferred
71007130 | All modes
71307200 | All modes, SSB contest preferred
71757200 | All modes, priority forintercontinental operation
Lowest dial setting for LSB voice mode is 7053
10 MHz (30 metres) BanidContests Not Permitted
1010610130 cw
1013610150 Narrow band modes / digimodes
14 MHz (20 metres) BanidContests Permitted
1400614060 CW, contest preferred
1406014070 cw
1407014099 | Narrow band modes / digimodes
1409914101 | Beacons only
1410114125 | All modes
1412514300 | All modes, SSB contest preferred
1430014350 | All modes
14300 | Global emergency centre of activity
18 MHz (17 metres) Banid Contests Not Permitted
1806818095 | CW
1809518109 | Narrow band modes / digimodes
1810918111 | Beacons only
1811118168 | All modes
18160 | Global emergency centre of activity
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kHz ‘ Preferred Mode and Usage

21 MHz (15 metres) Banid Contests Permitted
2100021070 | CW
2107021149 | Narrowband modes / digimodes
2114921151 | Beacons only
2115121450 | All modes

21360 | Global emergency centre of activity
24 MHz (12 metres) Barid Contests Not Permitted

2489024915 CW
2491524929 Narrow band modes / digimodes
2492924931 | Beacons only
2493124990 | All modes

28 MHz (10 metres) Banid Contests Permitted
2800028070 CW
28070328190 Narrow band modes / digimodes
2819028225 | Beacons only
2822529100 | All modes
2910029700 | All modesi FM

Note: 29100 to 29700 is the only segmeiithe HF bands wheitbe wide bandwidth required by
FM transmissions is pertted; on all other bands, tl@ndwidh limit mean that "Allmode
would exclude FM

ANarrow band modeso in the above tabl e BeleWn1l®r t o |

MHz use lower sideband (LSB), above 10 MHz use upper sideband (USB)

Region 1 Band PlawvHF/UHF

Note: the data shown here has been simplified for exam purposes.

The examiners have informed us that questions on band plans for the 50 MHz and 430
MHz bands will not be included in the exams. Any questions on these bands will be
confined to the data in the ICTA Guidelines, which is covered in the Operational Bands
section of the Course Guide

For exam purposes, only the 144 MHz (2 metres) band plan needs to be considered

MHz Preferred Mode and Usage
144 MHz (2 metres) Band

144.000144.150 | cw

144.156144.400 | ssB

144.400144.500 | Beacons only
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MHz Preferred Mode and Usage
144.500144.794 All modes
144.794145.000 Machine Generated Modgs
145.000145.1875 FM 1 Repeater Input only
145.200145.575 | FM i Simplex
145.600145.7875 | FM i Repeater Output only
145.800146.000 | All modes

y = outside the scope of the exam syllabus

Contests are permitted on the 50 MHz, 144 MHz and 430 MHz bands

Distress Signals

A distress signal is an internationally recognised way of calling for help: using
radio communications, the recognised distress signals are:
Radiotelegraphy (Morse) SOSA & oA A A A
Radiotelephony (Voice) Mayday, Mayday, Mayday
Such signals must only be used where there is grave and imminent danger to life

Emergency and Natural Disaster Communications

Amateur stations under ITU regulations may be used for transmitting international
communications on behalf of third parties only in case of emergencies or disaster
relief. Administrations determine the applicability of this provision to amateur stations
in their jurisdictions

Administrations are encouraged to take the necessary steps to allow amateur stations
to prepare for and meet communications needs in support of disaster relief.

The MARS Repeater Network, which is approved by ICTA, is an example of this.

Band plans make provision for 0G| obal Emer g
18 and 21 MHz bands. The relevant frequencies are noted in the Region 1 Band
PlanT HF

Format of General (CQ) Gall

Before calling on a frequency ask ¢é
example: is this frequency in use from 3B8xx

ACQcallinvitinganyst at i on t[ghonelepl y é
example: CQ CQ CQ from 3B8xx, CQ CQ CQ from 3B8xx, 3B8xx standing by
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A CQ call i nviting[Masey station to reply &
example: CQ CQ CQ de 3B8xx, CQ CQ CQ de 3B8xx, K
(The 6KO6 i s apstaiontorephat i on f or

A CQ call to a [Mgselci fic station ¢é

example: CQ CQ CQ OM2ABC de 9A3XYZ,

KN

(This is the Croatian station 9A3XYZ calling the Slovakian station OM2ABC, the

OKNO6 indicates that only the called stati
A CQ call to a specific station €& [phone]
example: CQ CQ CQ SP7XX from

LZ3ABC

(This is the Bulgarian station LZ3ABC calling the Polish station

SP7XX)A CQ call to a specific area €é [phone]

example: CQ CQ CQ Japan from 3B8xx
(Only stations in Japan should reply to this call)

The call sign of the station being called or worked comes first with the call sign of the
station calling or handing over the transmission coming second.

QCodes

Q Codes are standard three-letter codes, developed originally to facilitate commercial
Morse transmissions to speed up the sending of messages and to act as a form of
0i nternat i donmdssades @ godea gortinue to be used extensively in
amateur Morse (CW) transmissions and are also commonly used in amateur voice
transmissions, assisting conversations between operators speaking different
languages

The Q codes within the scope of the exam syllabus are:

Code | Question Answer
QRK What is the readability of my signals] The r eadabi l ity
QRM Are you being interfered with? | am being interfered with
QRN Are you troubled bytatic? | am troubled by static
QRO Shall I increase transmitter power? | Increase transmitter power
QRP Shall | decrease transmitter power? | Decrease transmitter power
QRT Shall | stop sending? Stop sending
QRZ Who is calling me? Youarebei ng cal |l ed
QRV Are you ready? | am ready
QSB Are my signals fading? Your signals are fading
QSL Can you acknowledge receipt? | am acknowledging receipt
QSO Can you communicqgl can communi cat
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Code Question Answer

oSy Shall | change to transmission on Change transmission to another

another frequency? frequency
. : I owi || call you
2

QRX When will youcall again ¢ kHz (or MHZz)
What is your position in latitudeand | My posi ti on 1 s ¢

QTH longitude (or according to any other | longitude (or according to any othsg
indication)? indication)

Operational Abbreviations

Like Q Codes, Operational Abbreviations are used in radio communications to speed up
the sending of messages and to facilitate conversations between operators speaking
different languages. The relevant Operational Abbreviations are:

BK Signal used to interrupt a transmission in progress

CQ General call to all stations / call for a contact with another station

CWwW Continuous wave

DE From, useq teeparate the call sign of the station called from that of the
calling station

K Invitation to transmit

MSG Message

PSE Please

RST Readability, signaktrength, toneeport

R Received

RX Receiver

TX Transmitter

UR Your
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Phonetic Alphabet

The internationally recognised Phonetic Alphabet for amateur radio is shown in the table

below. While Q Codes and Operational Abbreviations have more relevance for Morse

relevance has diminished as modern transmitter technology can generally be
expected to deliver high tonal quality signals

Readability

R1

R2

R3

R4

R5

Unreadable

Barely readable, occasional words distinguishable

Readable with considerable difficulty

Readable with practically no difficulty

Perfectly readable
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communications, the Phonetic Al phabet i s used
as a means of ensuring that key information such as call signs can be understood even
when signals are weak or distorted, and/or when those involved in the communication
speak different languages:
A = Alpha G = Golf M = Mike S= Sierra Y = Yankee
B = Bravo H = Hotel N = November T = Tango Z =Zulu
C = Charlie | = India O = Oscar U = Uniform
D = Delta J = Juliett P = Papa V = Victor
E = Echo K = Kilo Q = Quebec W = Whiskey
F = Foxtrot L =Lima R = Romeo X = X-ray
eg:3B8AB = AThree Bravo Eight Al pha Bravobo
eg:OM4AWZH = AOscar Mi ke Four Whiskey Zul u Ho!
RST Code
The RST Code is used to report on the quality ofaradios i gnal t hat 1 s bei ncg
R = Readability i this is an assessment of how hard or easy it is to correctly copy
the information being sent during the transmission
S = Signal Strength i this indicates how powerful the received signal is at the
receiving location
T =Tone 1 used only in Morse code and digital transmissions, it describes the quality
of the transmitterds modul ation. While this
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Signal Strength

S1 Faint signal, barely perceptible
S2 Very weak

S3 Weak

S4 Fair

S5 Fairly good
S6 Good

S7 Moderately strong
S8 Strong

S9 Very strong signals

Tone
T1 Extremely rough hissing note
T2 Very rough AC note, no trace of musicality

T3 Rough AC tone, rectified but not filtered
T4 Rough note, some trace of filtering

T5 Filtered rectified AC but strongly ripple-modulated

T6 Filtered tone, definite trace of ripple modulation

T7 Near pure tone, trace of ripple modulation

T8 Near perfect tone, slight trace of modulation

T9 Perfect tone, no trace of ripple or modulation of any kind
example:59 = fAperfectly readable, very strong s
example:44=ir eadabl e with practically no difficu
example:589 = fAperfectlysirgrmalad)| epesteohgt one é
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Section 2i Theory & Technology

Electrical & Electronic Principles including Components & Circuits

Resistors

Current

Movement of negatively charged electrons constitutes an electric current
By convention, it is said that current flows from positive to negative
the letter | is the symbol for electric current

The unit of current is the Ampere (A), abbreviated to Amp

DC & AC Curren{Check validity of section)
DC means direct current T the current flowing in the circuit (or the potential
difference applied to the circuit) is in ONE direction only. The current (or potential
difference) may vary with respect to time but DOES NOT REVERSE DIRECTION

AC means alternating current 7 the current or applied voltage changes direction
periodically with time, e.g., current from the mains supply.

The rms value is the value used in most calculations. It will be dealt with in more
detail in subsequent sections

Voltage
To keep a current flowing in a circuit a difference in felectric pressureo
(potential difference) must be maintained between the ends of the circuit
This potential difference is known as voltage
The letter V is the symbol for voltage
The unit of voltage is the Volt (V)

Resistance
Resistance is the opposition to current flow

Different conductors oppose current by different amounts
The current flowing depends on the value of the resistance and the applied voltage

The letter R is the symbol for resistance
The unit of resistance is the Ohm Y

hKYQa [ &

100 ohm

v 0248

|1
+| I |
20V

Current flow depends on (is proportional to) voltage and inversely proportional to
resistance
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V=IxR or R=V/Il or I=V/R

If V is 20V, and R is 100Y then I is
0.2A Try other examples!

Power
Power is the rate of the use of energy
The letter P is the symbol for Power. The unit of power is the Watt (W)

Power (Watts) =V (Volts) x | (Amps)
P=VxI
Using Ohmdés Law:

P:I2><R also P:V2/R also R=V2/P

100 ohm

0248
| | |
+| ]!
20V
The power dissipated in the resistor is
P=VxI
= 20x0.2 = 4W

orP=V?/R =(202/100 = 4W

Electrical Units
Some electrical units are inconveniently large or small, so multiples or sub-multiples
described by a prefix are used:

Prefix  Letter Index

gga G One thousand million 10
mega M One million 10°
kilo k One thousand 10°
milli m One thousandth 10°3
micro | One millionth 10s
nano n One thousand milliont 107
pico p One million millionth 1012
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Resistors

14k7

R1
10k
R2
47

Series Values add together! The equivalent vaRsgof the resistors is
Reg= R1+ R2 + R3 ..

Resistors in series increase value: The equivalent value is always greater than the

biggest!
# o
Req g1 R2 R3
30R 120R 120R 60R
® ©

Parallel
(1+Reg=(1+R1)+(1+R2)+(1+R3)..

If two in parallel formula can be simplified to
Req= (R1 x R2) + (R1 + R2)

Resistors in parallel reduce value: The equivalent value is always less than the smallest!

For combinations reduce parallel into equivalent value first, then calculate series value to
give current/voltage

Req = R1+R2 = 10+4.7 = 14.7k

FA1

1Dk§
R eq
14 k7

F2

T g

(1/Req)=(1/R1)+(1/R2)+ (1/R3)
R =(1/120) + (1/120) + (1 /60)
S TS o =(3/120) = (1/20

30R Therefore total resistance Req = 30
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Two resistors in series, as shown, are known ag a
potential divider. Assuming there is negligible
current drawn fronVout:

Vout = Vin X ((R2) + (R1 + R2))

. . N . 4 L 4
Question:Given voltage of battery and values of
resistors as shown calculate voltages, currents and Gk
power in the example circuit I g 20R g EOR
answer below -1
L - .

First we calculate the equivalent value of the parallé
resistors (30 x 60) + (30 + 60) =20
So now have 4 and 20 in series which i§ 24

In a SERIES circuit the SAME CURRENT
flows in all parts of thecircuit.

o In a PARALLEL circuit the same
So total current is 12 24 = 0.5A = 500 mA VOLTAGE exists across all the parallel

The current divides between the parallel resistors | components

‘*’r y—>
1w

L 4 USA /le L :
4R

I 333mA  166mA

BW_—— 12v 10v § 20R § B0R
J/ 333W  1EEW
& . 4 2

2 i Shown left are typical symbols used for
ia i M 100k (R1 & R2) fixed resistors.
(R3 & R4) potentiometers.

Note that you will see both systeaofis
symbols on your journey through radio.
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Summary:

Remember: Resistance is measured on Ohms (Y)
ResistorsobeyOh més Law, V = 1R

as applied voltage increases, current through the resistor increases proportionately.

Resistors dissipate power as heat
(P=1°’R=V?+R)
Resistors have specific rated power dissipation
0.25W, 0.5W, 1W, 2W, 5W...

If you exceeded the power ratings, the component will probably fail!

Tolerance
Resistors have a specific tolerance, expressed as a percentage, 1%, 5%, 10%...
A nominal 100Y 10% tolerance resistor can have an actual value between 90Y and 110Y

This has to be taken into account in circuits

Lower value gives higher current through resistor, higher power dissipation in resistor and
lower voltage drop across resistor

100 ohm and 500 ohm in series, = 10% (plus or minus) can give a total resistance between
540 and 660 ohms

120 ohm and 60 ohm in parallel + 10% can give a total resistance between 44 and 36 ohms

Conductivity
In some substances electrons cannot move easily from one atom to another. They have a
high resistance to current flow and are called insulators

Examples are Glass, Perspex, Rubber, Mica, most Plastics, Oil, Air
Some substances have a low resistance to current flow and are called conductors

Examples are metals (Silver, Copper, Aluminium, Iron), Carbon, some liquids

Semiconductors

A semiconductor is a substance whose resistance is between that of a good conductor
and a good insulator

Examples are silicon, germanium, gallium arsenide, cadmium sulphide
Semiconductors form the basis of most modern electronic devices
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Inductors

Inductor (Coil)

Any wire carrying a current is surrounded by a magnetic field; winding the wire into a coil
strengthens this field. When the current through a coil changes the magnetic field resists
the change; this resistance to change is called inductance

The unit of inductance is the Henry (H) but as this is a large unit the milli-Henry

(mH), microi Henry (uH) and nano-henry (nH) are more commonly used.

In electronic circuits, inductors are mainly used where the current is alternating 1 such
as in audio frequency or radio frequency circuits. However, the resistance to change of
the magnetic field will also affect a direct current (i.e. non-alternating) circuit during the
switch-on phase: if an inductor is connected to a DC power supply, the sudden increase
of current in the inductor is initially resisted, but when the current becomes stable, the
inductor no longer resists the current

Inductor
A
% L1
22mH
L eq SeriesValues add togetherlLeq= L1+ L2+
32mH L3 é
g L2
10mH

Inductors can, in exceptional circumstances, be connected in parallel but this is a very specialised
situation and will not be dealt with heresuffice to say thaivhen we connect inductors in parallel
the endresult, the effective inductance, is LESS than the original inductors (just like resistors!!)
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Construction / Characteristics

20 uH 200 mH SuH -—<~ 20uH
Y "YX\‘! y&
, .

L1 L2 L3

Inductor symbols and marking
Inductance increases with number of turns, coil diameter and decreases if
spacing between turns is increased
Adding a conducting core changes inductance depending on the permeability of the

core material; ferrites increase inductance, brass decreases

Inductive Reactance
When an a.c. voltage is applied to an inductor the ratio of voltage to current is

the reactance (XL) measured on Ohms)
XL=V=+I
=V =+ XL
V=1x XL
Reactance depends on the value of the inductor and also increases with frequency XL =
alL
Capacitors

Capacitor

Two metal plates close to each other with an insulator (the dielectric) between
them will store an electric charge. This ability is known as capacitance

The unit of capacitance is the Farad (F) but as this is a very large unit the
micro-, nano- and pico-Farad (F, nF, pF) are used

Capacitance depends on
1. the area (A) of the plates,
2. the distance between them (d), and
3. the dielectric constant (K) of the material between them

C=KA/d
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Dielectrics
Air T used for variable capacitors with a set of fixed and moving plates allowing the
effective plate area to vary. Used for tuning circuits. As plate spacing determines
working voltage, capacitors used for antenna matching where high voltages are
often encountered require large spacing, up to 1cm
Paper i layers of metal foil (aluminium) separated by paper: physically large, high
working voltages (not often met these days).
Plastics T High working voltage. Polythene, polypropylene, mylar can be lossy at HF;
polystyrene, PTFE less lossy, more stable
Mica, silvered mica, ceramic i low values, stable, suitable for HF
Hi-k ceramic i relatively large capacitance in small size, not suitable for radio
frequencies (RF)
Very large capacitance require thin dielectrics formed chemically in electrolytic
capacitors

Electrolytic capacitors are polarised (i.e. have specific + and i terminals); in use we
must avoid reverse polarity or overvoltage as either will result in failure of the capacitor.

Electrolyte can dry up over time causing failure.

c1 + cz c3
| E— —y

100nF 1,000uF 100pF

Characteristics

Fixed Electrolytic ~ Variable capacitor

Capacitor symbols and marking

A capacitor is a fixed or variable component with a specific value of capacitance
Capacitors have a specific tolerance, expressed as a percentage, 1%, 5% or even
morelé of their wvalue

The working voltage of a capacitor is the maximum voltage that can safely be applied
i we should always try to keep the capacitor well below this voltage.

When d.c. is applied to a capacitor there is an initial surge of current as the
capacitor charges and then, when charged, no further current flows.

In a practical capacitor there will be some current through the dielectric. This is
known as the leakage current

A capacitor will block dc. but allows ac. to flow

A capacitor can store an electric charge.

Page40of 132



Section 2I Radio Amateur Theory & Related Topics

Capacitors

Opposite formulae compared
with resistors

Ceqis the SINGLE capacitor that
could replace the combination of
capacitorsvithout alteringthe
functioning of the circuit

1
— 120pF

Ceq
40pF
—L— ¢z
T 60pF
4 4 L 4
c1 cz c3
Ceq
SDUpF 150pF 300pF S0pF
L *———o

Capacitive Reactance

Series (1 + Ceq) = (1 + C1) + (1 + C2)
+(1+C3) ¢é

If two in series formula can be
simplified to

Ceq = (C1 x C2) + (C1 +C2)

Parallel Ceq=C1+C2+C3é

When a.c. is applied to a capacitor it will charge it, first in one direction, then the other,

i.e. a current flows.

The ratio of voltage to current is the capacitive reactance (Xc) measured on Ohms

1. Xc=V=I

2. 1=V=+Xc

3. V=IxXc
Xc=1+(2 ac)y

Reactance decreases as frequency increases

Temperature coefficient

Ideally component values should not vary with temperature. Resistors and capacitors

can be manufactured whose value changes with

temperature.

They have a negative [value decreases with temperature] or positive temperature
coefficient (PTC / NTC), specified in parts-per-million per degree Centigrade (ppm/°C)
Such resistors are called thermistors and are used as temperature sensors and

current limiters

Capacitors are frequently used to compensate for drift due to temperature

variation in tuned circuits.
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Impedance, Resonance and Reactance

Reactance

An alternating current (a.c.) circuit is affected by the inductance and capacitance of the

circuit
This effect is called Reactance
There are two types, inductive and capaciti v
Inductive reactance: An inductor opposes changes in current

Capacitive reactance: A capacitor opposes changes in voltage

Value is expressed in Ohms

Reactance and Frequency

Reactance varies with frequency ¢é
Inductive Reactance increases as frequency increases
Capacitive Reactance decreases as frequency increases

Impedance

R1
10k
R1 L1

Z=16kohms I=87 ohms 4q 10uH

L1
1mH

f=2MHz

Impedance (Z) is the combination of resistance (R) and reactance (X)
The unit of impedanceisOh ms (V)

Resistance and reactance in series
Hona )

Resistance and reactance in parallel

~

L 4 L nn Q)
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Resonance

X 50pF

10uH
5pF
{ 1 X¢ —_—
X 1uH

f

Inductive reactance increases with frequency; capacitive decreases
Frequency at which inductive and capacitive reactance are equal is called the

resonant frrRequency (a

Tuned Circuits and Filters

S0pF
10uH
5pF
1uH

Theoretical impedance of a series resonant circuit is zero i it is an acceptor circuit and
will either short out or pass signals through at resonant frequency depending on how
connected

Theoretical impedance of a parallel resonant circuit is infinity T it is a rejector circuit
and will either block signals at resonant frequency or short out signals not at resonant
frequency depending on how connected

These acceptor and rejector circuits form the basis of tuned circuits and filters

Typical Tuned Circuits Responses

Series Parallel
Rs Rp é —

A series tuned circuit has a low impedance at resonance. It can be used as a tuned
notch to attenuate signals over a narrow frequency range

A parallel tuned circuit has a high impedance at resonance. It can be used to enhance
signals over a narrow frequency range
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Losseg Q factor
An ideal inductor has no resistance to d c. In practice there will be losses due to wire

resistance, core losses (due to induced currents in conductive cores) and skin effect,
whereby as frequency increases ac. tends to flow only on the conductor surface

The ratio of reactance to resistive losses for an inductor is called the Q-factor
Q =X+ R [Q has no units]

It is a measure of the Agoodnesso of the indi

Q & Bandwidth

The Q of a circuit determines the bandwidth
A circuit with a high Q has a narrow bandwidth

A circuit with a low Q has a wide bandwidth
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Tuned Circuit and Filter Bandwidth

1.0

0.7071 BW

S

Either side of resonance the response falls off. When the response in voltage terms
reaches 0.707 (¥2) of the value at resonance, this range of frequencies is known as
the (half power) bandwidth or -3dB bandwidth

For filters another important parameter can be shape factor which is the ratio
of (-)6/60dB bandwidth; less than 2:1 is acceptable.
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Section 31 Components

D | Od e Anode Cathode
+) —| + -)

A diode is a device which conducts electricity in one direction only

Now generally manufactured from N and P semiconductor material

Characteristics
The amounts of forward current (Ir) and peak inverse voltage (piv) i.e., the reverse
voltage that the device can tolerate are limiting parameters in diode selection

When reverse biased a practical diode will have some leakage current which may be
important

Diode has a forward voltage drop depending on material

used: Silicon 0.6V; Germanium 0.3V; Schottky 0.2V

Uses
LED PHOTODIODE ZENER  VARICAP
L
A ' T
N W 4 X
R D7
i D2 D2 D4 DS R, D6

Rectifier diode is used to convert a.c. to d.c. (rectify) in power supplies; diodes are
normally silicon with voltage drop of 600mV and suitable IF and piv rating

Germanium Signal diode can be used as a simple amplitude modulation detector
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A Gallium Arsenide diode can be forward biased and used as a light-emitting
diode (LED)
When a Zener diode is reverse biased a constant voltage appears across it
terminals; it is used to set and stabilise the output voltage of power supplies
A reverse-biased photodiode conducts when exposed to light and can act as a switch
A varicap diode has a capacitance that varies with reverse voltage; it can be used in a

tuning circuit

Diodes
250k 250k 1A
YAVAVE YAYAVA AR
500 piv 500 piv
N N o
—® 4 - — 1A =
AT M
AVAYA

| | | |

| [
0.01uF 0.01uF

Diodes of the same type will have differing forward voltage drop and reverse
leakage current

If connecting in series to increase effective piv rating, some recommend that high
values of resistor (to balance voltages) and capacitors (to protect against
transients) should be connected in parallel

If connecting in parallel to increase forward current rating, low value resistor
should be put in series to balance currents
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1@

Three layers of doped (process of adding minute quantities if impurity) semiconductor
(either PNP or NPN) are sandwiched together to form a bipolar transistor
The layers are called the collector (C), base (B) and emitter (E)

Transistor

The B-E junction can be considered as a forward biased diode, whilst the C-E behaves as
reverse biased diode junction.

The transistor can be used as an amplifier or switch

2N2222 A ZN2907A

Two typical transistors | @1

Q2
C
i note the DIRECTION
of the arrows which b b
depicts the direction of
e
PNP

current flow e

NPN

IE = IC + IB; Large collector current is controlled by small base current giving gain
(amplification)

Current gain (b Beta) is the ratio of change in collector current Ic for change in
base current Ir which can be 500 or more depending on the particular transistor.

Arrowhead on symbol shows direction of conventional current flow
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Field Effect Transistor (FET)

Drain N-channel | 4 P-channel IGFET
Gate g t) :)

P 5 E \

. Q1 S Q2 03

Source

N channel Junction Field Effect Transistor (j-FET) comprises a channel of N
material surrounded by a ring of P material; P channel is the opposite

Current flow along the channel between source and drain is controlled by the
gate voltage

A small change in gate voltage causes a large change in drain current; the ratio
g (mA=+V) is called the transconductance

Thermionic devices (Valves)

Triode T simplest type (apart from the Diode)i three active

elements, cathode, grid, anode TRIORE.
Cathode is heated by fAheatero
which are attracted to the anode (or plate [U.S.]), connected to
high tension (HT) supply sometimes hundreds or thousands
of volts

A small change in Grid voltage controls Anode current giving
gain

One variant of this, the beam tetrode (four elements),
commonly used in HF power amplifiers

Integrated Circuits

\ ‘ ‘.I.I! \ v

ICs are complete digital or analogue (linear) building blocks
Digital ICs range from logic gates, counters, memories to complete
microprocessors (MPU) and analogue-to digital converters (ADC)

Linear ICs can range from transistor arrays to complete custom amplifiers, mixers,
voltage regulators or complete radio receivers
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Transformers

7 |

1 ./.. \
N g )
ol r 5 /'}ﬂ /

Two coils share the same magnetic field 8 mutual inductance

Transformer used to step up/down (or simply isolate) voltage or current or impedance
Ideal transformer is lossless, but wire resistance, core losses, skin effect cause losses

For ideal transformer the power in the primary windings (input) equals the power in
the secondary (output) Pprim = Psec

Types of transformer

(a) (b)

(a) Two separate windings isolate output from input i isolation transformer (b)
Single tapped winding, output not isolated from input i auto transformer

Step Up or Step down depends on number of turns on primary and secondary
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Characteristics

10:1
50V
10mA SV
%100mA %50'?

5k
Voltage ratio Vsec = Vpri = Nsec + Npri
Current ratio Isec = Ipri = Npri = Nsec

2

Impedance Zsec + Zpri = (Nsec + Npri)

where N is the number of turns
Voltage ratio is same as turns ratio; current is inverse

Sources of Electricity
Devices such as batteries and power supplies are voltage sources. They provide the
push necessary to maintain current flow

This source voltage is called an emf (electromotive force)

A practical voltage source behaves is if it has an internal resistance which limits
current and causes a voltage drop under load conditions

Internal R

This will limit the total current to the short circuit current if the device is short-circuited

The output terminal voltage is equal to the emf under no load conditions, dropping as
current is drawn

Series/Parallel Connection
When voltage sources are connected in series the total voltage is the sum of the
individual voltages
When voltage sources are connected in parallel the voltage across each will be the
same; current capacity is increased as current drain is shared between the sources

Caution is needed if voltage sources are to be connected in parallel as small
differences in terminal voltage may cause a circulating current between the
sources, dependant on internal resistance
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Quartz Crystals

A quartz crystal is held between two electrodes. The piezo-electric effect which
converts a mechanical stress into a voltage and vice versa results in a high-Q
tuned circuit

In addition to resonance at its fundamental frequency the crystal can vibrate
and exhibit resonance on overtones (odd harmonics)

Typical uses are in a tuned circuit in an oscillator to provide accurate and
stable frequency output

Also used as resonant element in filters

Crystals have high temperature stability and are used as tuned circuits in oscillators
(mostly parallel mode) and in filters (mostly serial mode)
Specification of crystals requires information on frequency, mode and load impedance

In parallel mode the frequency of a crystal may be varied (pulled) slightly by changing
the load impedance

The current through the crystal needs to be limited to avoid mechanical failure

Bl i b —

(a) (b)

The high-Q of crystals means that they can be used in effective filters in radio
receivers and transmitters

|

Pageb2 of 132



Section 41 Radio Amateur Theory & Related Topics

Section 4i Circuits

Diodes
250k 250k 1A
WAVAVA TAVAVA
500 piv 500 piv W
N N o
r— 1A =
TV T
VAN
| | | |
I |
0.01uF 0.01ufF

Diodes of the same type will have differing forward voltage drop and reverse
leakage current

If connecting in series to increase effective piv rating, some recommend that high
values of resistor (to balance voltages) and capacitors (to protect against
transients) should be connected in parallel

If connecting in parallel to increase forward current rating, low value resistor
should be put in series to balance currents

Transformers

i

(a) (b) (c)

Secondary windings (a) or transformer output (b) can be connected in series
to increase output voltage

The important factor is the winding sense or phase, indicated in these diagrams
by the red dot

If cascading transformers (c) it is important not to exceed the winding to core

insulation voltage limit
Connecting transformers in parallel is deprecated as unless the windings
are absolutely identical there will be circulating currents between them
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Power Supplies

L
v
w
L
™
L
-
-
v
.
.

(a) (0)
Conversion of a.c. to d.c. d rectification
Diodes convert a.c. into d.c.(direct current), since the d.c. is
varying in amplitude we must find a way of smoothing the
output. We use a large value capacitor to store charge in
between the missing half cycles.
(a) Half wave: D1 conducts on positive half cycles (alternate half
cycles are fimissingo)
(b) Full wave: On + half cycle top of transformer is + so D1 conducts, on i half cycle
bottom is + so D2 conducts- the result is a continuous series of half cycles of d.c.

T BR1

v
+

(c)
Bridge Rectifier: Full wave: on + half cycle diodes D1 and D4 conduct; on i half
cycle D2 and D3 conduct; note diode and current flow.
Smoothing 8 with full wave, two charges of capacitor per half cycle so makes
job easier.
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Power Supplies

T2

[ SR et

—

02 S000 uF

o N\\—e

Capacitor supplies current to top up voltage, smoothing output (blue) from full-
wave input (green)

R1 is bleeder resistance to discharge the cap for safety reasons when supply is
switched off; it also provides a minimum load, improving stability

Large current into capacitor at switch on; pulses of current into capacitor each half
cycle (red). Diode rating must take account of this

3‘\_
be
_-{ -‘ , 1 1(___) - r1 :

@) J'_l:j

In higher voltage supplies a pi smoothing circuit of two capacitors and a choke

T T | T —
/ P4 I

2 :VJ_ < an
¢ ‘Im

(d)

is normally used (a) 8 capacitor input circuit

In low voltage supplies, (b) a zener diode (with no load the diode passes load current),
(c) a zener diode and pass transistor (emitter follower), or (d) ani.c. voltage regulator are

commonly used; the i.c. requires C2 and C3 (low-inductance tantalum) for stability

A transformer operating at 50Hz can be bulky and heavy; Power Supply Unit (PSU)
can be inefficient; ripple needs large capacitors to filter

The switched mode power supply does this. The mains drives an oscillator or
chopper directly (not isolated) to generate a voltage at 50-200 kHz. This is then
transformed to near required voltage by a much smaller, lighter transformer, (smaller
core useable at higher frequency) rectified, smoothed by smaller value components

Efficient but Electrically noisy, can give EMC (ElectroMagnetic Compatability)
problems due to switching/oscillator harmonics if not properly shielded
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Transistoig Common EmitteAmplifier — o

Common emitter means emitter is connected to

+V

R1

the Agrounddo or common signal*

C3 decouples emitter resistor providing a path to ground ——
for signal
Input impedance: Medium (though note R1/ R2 are in
parallel with input)

Output impedance: High

Current Gain: High

Transistoig Common Collectohmplifier

Also known as Emitter Follower; emitter signal voltage +Y
has same value as base signal voltage

Note: +V is at signal ground due to decoupling
capacitors (not shown)

Input impedance: High (though note R1/ R2 are in
parallel with input)

Output impedance: Low

Current Gain: High

Voltage Gain: ~1

Transistoig Common BasAamplifier

C3 provides path to ground for signal
Input to emitter; output from collector
Input impedance: Low

Output impedance: High

Current Gain: ~1
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Amplifiers¢ AF(Audio Frequency)

4

in 10uF
+|

—=*{—

c1

+

R1
10k

R2
1k

(@) (b)

(a) Shows a simple transistor audio amplifier. It operates in common-emitter mode
giving around 40dB power gain; C3 should be chosen to have a small
impedance compared with R3 at working frequencies

(b) shows an i.c. audio output stage. The LM386 gives about 300mW,; R1 & C1 are for
stability

Amplifiers¢ RHRadio Frequency)

+4
ANT S § Dut
T4
2:1
2.5mH
RFC
120R

(a) (b)

(a) Is a broadband small signal common gate RF amplifier, gain around 10dB,

27k 10nF 270R 22nF

bandwidth 3-40MHz determined by device characteristics and stray capacitance
(b) Uses a dual gate MOSFET with tuned input and output, bandwidth determined
by the tuned circuits, gain around 18 dB
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Amplifiersg Biasing
Amplifier devices may be biased so that when a sinusoid is applied the device
conducts (collector or drain current flows) for all or a portion of the cycle
Where the amplifier does not conduct for a complete cycle the missing part is
restored by the flywheel effect in a parallel resonant (tank) circuit

Audio and signal amplifiers operate in Class A where the device is biased to conduct
for all of the cycle (360°); these are linear, theoretical efficiency is 50% but 25-30% is
more normal

Class AB 8 some collector current flows in

guiescent case. Positive and part of negative
cycle amplified; reaches 50-60% efficiency.
Linearity and lack of harmonic output not as / /\
N

good as Class A but it is acceptable Output

Class B 0 the transistor is biased on the
edge of conduction (600mV for Si), only 180°
amplified; efficiency reached 65% with
acceptable linearity and harmonic output

o =c = PN

Input

IS AB B c

Class C 8 biased below cut-off, typically 90° conduction; efficiency up to 80%,
not suitable for amplification of SSB or AM. Very non-linear, high harmonic output
requires output filtering

Distortion
Distortion is due to non-linearity
Harmonic distortion is where integer multiples of the input frequency occur

Intermodulation distortion is where two signal components multiply together to

make new ones

Every amplifier has some non-linearity; good design and operation within the intended

power input (drive) / output range, i.e., not overdriving it minimises distortion
Distortion manifests itself as interference and splatter
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Section 4

Alternating Current

Sinusoidal Signals

V peak

AT /\ /\
o % 180 i
\/w \/ e
90 bl
A Period

Wavelength

To specify a wave its Amplitude, i.e., Vpeak [V max] and the time to complete

one complete cycle (period) is needed
The frequency in Hertz (Hz) is the number of complete cycles in one second

—_—

The peak to peak value of a wave is the sum of the peak positive and negative
excursions of the wave. In the case of a sinusoid Vpp = 2Vpeak
The instantaneous value is the value of the sinusoid at any chosen point in time

The average value of each half cycle is Vavg = 0.636 Vmax
If a sinusoid is applied to a resistor, power will be dissipated as heat.
P= V2 + R for d.c.
The effective voltage (equivalent d.c.voltage) for a sinusoid is called the rms
voltage (root mean square)

This is the voltage normally indicated by an a.c. voltmeter.
Vrms = 0.707 Vmax ; and Vmax =1.414 Vrms

So P= Vrms2 +~ R for a.c.

Alternating Current

A Period
Wavelength

Alternating current is a sinusoidal signal
typical mains voltage is 230 Volts (rms)
Frequency is 50 Hz

Period is therefore 20ms
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Phase

A -

If two signals have exactly the same frequency and cross the zero line at different
times they have a phase difference
The red wave crosses the zero line ninety degrees before the black. It leads the

black by 90° or ¥4 cycle. The black lags the red by 90° (one cycle is 360°)

Harmonics

A second wave whose frequency is an exact multiple of another is called a
harmonic. The other (lower frequency) is the fundamental
The example shown is the second harmonic (in red) of the fundamental. It is twice

the fundamental frequency

Non-Sinusoidal Signals

120 +
100 4

80 +

Time
60 +

Amplitude

40 +

20 ¢

v 3 S 7 9 " 13 1§ 17 19 21 20/

Frequency
The square wave comprises an infinite series of odd-harmonics (3rd, 5th, 7t") of
decreasing amplitude
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Non-Si nusoi dal Signals (cont 6d)

‘ // {L /X /
( J Tim

fJ (\//} | \ ) /
VN

¢

" L

v

An audio speech signal is the sum of sinusoids of a range of frequencies
(20Hz 1 20 kHz) and differing amplitudes

For speech, frequencies in the range from 300Hz to around 2.7kHz make a
significant contribution to intelligibility and the signal is tailored to this range for
amateur use to conserve bandwidth

Capacitive Reactance

% 180

-A -

When a.c. is applied to a capacitor it will charge it, first in one direction, then the
other; max. current flows when the voltage is changing most rapidly, least as
voltage peaks

The current leads the voltage by 90°
The ratio of voltage to current is the reactance (Xc) measured on Ohms )
Xc=V=+Il, 1=V+=Xc, V=IxXc
[V, | are rms values]
Xc= 1 06 (2 ac)
Reactance decreases as frequency increases
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Inductive Reactance

0 92
A

-A -

If an a.c. voltage is applied to an inductor the reverse voltage (back emf) generated
causes the current to lag the voltage by 90°

The ratio of voltage to current is the reactance (XL) measured on Ohms

XL=V=+l, 1=V+X V=IxX
[V, | are rms values]

XL =2 a Iy Reactance increases with frequency
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Section Miscellaneous

deciBels

A logarithmic unit the deciBel (dB) is often used to express the ratio of output to
input signal levels
o 0dB means zero power gain

o 3dB means a doubling of power
o 6dB:4times

o 10dB: 10 times

o 20dB: 100 times

o -3dB: %
o -6dB: Y
o -10dB:1/10

o -20dB:1/100

When amplifiers and or attenuators are connected in series the overall gain in dB is
calculated by adding (or subtracting) the individual dB gains

Digital SigndProcessing (DSP)

Analogue signals can be converted to digital signals by sampling them at very
frequent intervals. The digital signal is just a sequence of numbers that represent
the instantaneous value of the analogue signal each time it is sampled

The sampling rate has to be at least twice the highest frequency contained in
the analogue signal or it will not be possible to reconstruct the analogue signal
from the digital data

For an audio signal in the range 0 i 4 kHz the lowest sampling rate would be 8 kHz
The device that does all of this sampling and measuring is an analogue to
digital converter (ADC)

The digital signal can then be processed by a Digital Signal Processor which can
shape it like a filter and/or remove noise

A digital to analogue converter (DAC) reconstructs the analogue signal

as processed by the Digital Signal Processor
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DSP Subsystem

Antialias Reconstruction
nalogue nalogue
Filter ADC —>— DSP |— DAC Filter

Sampling is done by an analogue to digital converter (ADC)

The digital signal can then be processed by a Digital Signal Processor (DSP), a
microprocessor that manipulates the digital information

A digital to analogue converter (DAC) reconstructs the analogue signal

as processed by the Digital Signal Processor

Oscillators

Feedback

W

Filter >— Amp

An oscillator is used to generate a sinusoidal signals at a particular frequency

A practical oscillator is an amplifier with positive feedback provided by a

resonant circuit acting as a filter; the resonant circuit determines frequency;
harmonics (overtones) can also be extracted

The stability of the resonant circuit and stray reactances affect frequency stability,
which may vary with temperature or loading

LC Oscillatowhere the frequency is controlled by an LC circuit)
Colpitts LC oscillator

Feedback from source of FET via

C3, C4 w
C3=C4

Frequency determined primarily

by L & C1 and to a lesser extent

by C2, C3, C4 S

, ) uffer Stage

L, C1, C2 can be replaced by a lﬁODpF

series tuned circuit, called Clapp L e ca e

oscillator L2 W T

Temperature compensating . I\ .

capacitors and good mechanical
construction in a practical circuit!
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