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Check your study progress!

The 600questionexaminationQuestion
Bank is publicly available in twdooks:

Book 37 all answershave been removed
and
Book 571 hastheanswerdo all questions

You can easily self-test yourself!

UseBook 3andattempt (sayjjuestion 5
from clustes 1 throughto 60.Note your
selections otthe chart inside the back of
thisBook 2, page 129Then check your
answersising Book 5 mark your own
paper

Checkregularly(with other numbered
question¥to seeyour progress.

Forty or more correct answers out of
60 are required for a pass!

When ready for the examination,
contact theNellington VHF Group.
A formal test wil be arranged for
you at a mutualhagrea time and
place.

www.vhf.org.nz

These are supplesntary papers for refereneghe basis of it all:

SignalsPage 115 Mixers and Modulators Page 121 Amplifiers, Oscillators Page 125

This STUDY GUIDE and its constituent parts are: © 2008, 2009, 2010, J.F.C. Johnson, zl2amj@nzart.org.nz
You may download it and print it for individual personal study.




The SIX books in the STUDY GUIDE series:

The six books in thdlew Zealand Amateur Radio Study Guigeepare the candidate for the New Zealand Amateur
Radio Examination. The books can be bound togdthe«to-backto formthree volumes

VOL UME Theoryd :
Book 1. fiwhat YOU do ...to Become a Radio Amatéur e x pl ai ns t he
Syllabus and other features of the examination system. (13 pages.)
Book 2. AAIl you need to know...to BECOME a RADIO AMATEUR(this booklet) a theorytext-book

or, if requiredfochasesoomMlBdbapdges.)
VOL UME NQ anéwerso :
Book 3. fiThe Amateur Radio QuesticBank (WITHOUT Answergo , al | the genuine
questions for selfesting! (60 pages.)
Book 4. A Sample examination papeM{ITHOUT Answerg, wit h candi dat eds answer s
(12 pages.)
VOL UME Ar&swdiso :
Book 5. fiThe Amateur Radio QuesticBankd , s a me a withBmsweks (6@ b ut
pages.)This is the Questionbank MASTER copy for this examination system
Book 6. A short fASt at @ghndmtedr Radie QuestimBankd f fihe questions

with answersbhut without the distractors! (30 pages.)

The books can be freely downloaded from t hescradedr| i ngt on
printed on paper. If printed, they should benped doublesided to form a lightveight publication with half of the

number of sheets of paper used. The books have been laid out with presentation carefully developed for the
convenience of students.

Planning a STUDY COURSE with the printed booklets:

Book 2 is a collection ofree-standing class hangbut notesf or t he study topics. It is al
explanatory study material for fAClusterso of questions

The Study Notes are presented s o distinatsepagateddcunieMidt ed can
required (by telling the printer which pages to print) to fatass handouts. Or, the complete document can be
printed to prtextbdokbe a compl et e i

But, beware Be aware, that the first two pages in BOOK 2 are notbered. The numbering starts with 1 being the

first page of the fir $matelriRade sThe Rulds expldir@d. e sT hveisteh Ntoh ee st ictaln
separately printed (20 pages) as a fAReguwbiaamateussd r ef er e
This startpoint is deliberate to ensure that the page numbers shown on the CONTENTS table in that internal

Regulatory booklet (on page 1) remain correct.

When printingextracts from Book 2, thesoftwarei page number s ¢ rtfamdffinish pages sheulfibe r e d st
used for printing the extracts. That method adjusts for the inclusion of the (tmomipered) additional pages at the
front of the textbook.

The Study Guide BOOK 2 provides:
your personal textbogkfor your own seHstudycourse, or,
separatelass hanebutsfor Instructors and Students to use in a conventional classroom, or,

a precourse directe®Reading Reference Resoufoeeach participating student prior to and during an
AAmat eur Radi ¢ awpak

When binding: Book 1 with Book 2, Book 3 with 4, and Book 5 with 6, can be sthioaind backo-back with one
l ot inverted. This gi ves e acthecontehtdatads ate then readilyavisislgd luste nt A
flip the volume over to move to thehatr book!
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INTRODUCTION

The'Regulatory'topics you neetb study for the New Zealand
Amateur Radio Examinaticarehere

A book with all 600 questions in the New Zealand Amateur
Radio Exanination Questiofbank carbe downloaddfrom the
website where you obtained this booklet. You can expect 60
randomlyselected questions in the thour examination. The
guestionbank is the intellectual property of the Wellington
VHF Group For qualificaton purposesa ensure the integrity
of the examination process is maintaiiteghustbe used within
theGr o uepabnmatiorsystems and procedures

You will also needome'technical booksExcellent bookn
the basics of amateur radio and radio theweyavailable.

Overseas books do not cover tew Zealand regulatory

requirementsfor the examination, that need is filled by this

fiRules Explained bookl et . Many fAAmateur
Handbooksdo cover the technical
or buy them.

When you are ready for the examination, make contact with a
member of the VHF Group. An examination can be arranged
for you at a mutualhagreed time and place.

If you have access to a computer, visit the VHF Group web site
at: http//www.vhf.org.nz for examination information
including a Study Guideoveringall the syllabus.

Good luck with your studies, we'iee you on the ait'

(WELCOME TO AMATEUR

Things you can tryﬁ
Frequency Modulation
Single Sideband

RADIO!

Regulations and
Theory Test:
60 questions from

correct

START 40
L—

You qualify! Make application for an
Amateur Radio Certificate of Competency!

Internet linking
Moon-bounce
Slow-scan TV

can be arranged with
local volunteer

2L B for 1 4o 4 indicates
New the holder of a

a public-domain With your own callsign! ” D;ix?;taa:;?%

question-bank You can operate on the air! Nicies ceia

\ Repeat_ers

The Question-bank, a STUDY GUIDE, - Satelins

TEST PAPERS and TEXTBOOKS are available Experience AMATEUR RADIO! PSK31

Operate on bands below5 MHz M°:"1'§

4 and above 25 MHz for 3 months.

TeStS.are by Your CALLSIGN is unique to you: Log 50 or more contacts n;‘l:lcchﬁ

appointment’: #ZL1ABCD~_ ot
The time and place The prefix The'2, 3. ord P

letter suffix
makes the

i ot Zealand " Geperal rasn
Exam'n_at' on Amateur Operator  "44¢ AI-L AMATEUR
Supervisors. Certificate of Competency

You have access to

RADIO BANDS

Your results are given
on the spot!

Gnquiries to: The Wellington VHF Group Inc.

Contact details at: WWW.Vhf.org.nz

J
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AMATEUR RADIO T The RULES explained

Establishing and Operating an
Amateur Radio Station in New Zealand

unigue to that individual operator. The callsign(s) listed on
the Certificate are used @ir by the named operator to
identify that particular station.

The New Zealand Radiocommunications
Regulations and Amateur Radio

These notes cover the regulatory topics for the Amateur
Radio Examination and are for reference use by New
Zealand radio amateurs.

You must know and understand more about these two
documents.

The GURL: A copy is attached iAppendix 3 Sudy it

carefully. It is available at:
%ttp://WWW.rsm.govt.nz/licensing/gurIs/gurI-amateur.htmI

The 'regulatory aspectsof Amateur Radio argery
important,so impatant that these notes cover many topic
in very much greater detatihan is necessary for the
examination. As a radio amateur you need to be aware of he Certificate of Competency: The Amateur Radio
many regulatory things and to know where to find them irflatabase recordare held by thdinistry of Economic

the various documents! Development, Radio Spectrum Management Group's

. ) ) ) ) SMART - "SpectrumManagemenfnd Registration
Operating a radio transtter in the crowded radio Technology. SMART is accessible aline by anyone for
frequency spectrum requires a good understanding of W'\ﬁéwing any certificath ol der 6s cal l sign

you arepermittedto do, what you areequiredto do, and  hp:/www.rsm.med.govt.nz/plsiweb/dbssiten.main

what youMUST NOT do. . ) . ) )
With the aid of a supplied confidentialClient Key and
There are many privileges and responsibilities to being a"pPassword, each amateur operator, ie. you as a
radio amateur: certificate and callsign holder, has access to your personal
1 Radio amateurs aret constrained to any fixed contact details in the database. You are r_equired to keep
frequencies but may operate on frequencies of their your own address and other contac_t _detanm@ate.
own choosing within th&requency bandallocated to You can also orqier a replacemé}ertlflcate of
amateur radio distributed throughout the radio Competencynd it can be emailed to you.

frequency spectrum. If you don't have the facilities to do this-tine, anARX
1 Radio amateurs may use communication modes of (Approved Radio Examiner) can do it for you. An ARX is
their ovn choosing. a person authorised to make new entries to the database

1 The equipment used by radio amateurs need not be for candidates who passtimateur Radio Examination
‘type-approved' like the equipment used by most otherand, among other things, to arrange callsigns for newly
radio services. qualified amateurs.

9 Radio amateurs can construct and operate their own
equipment on any of the maaynateuradio
frequency bands.

A list of persons with ARX privileges can be found on the
web at:http://www.rsm.govt.nz/cms/licensing/radio-
operator-certificates-and-callsigns/list-of-approved-
examiners

There areT'WO important documents. These are: An ARX can attend tehesematters for you. There may
o be a fee charged by some to cover the costs of these
1. The 'General User Radio Licence for Amateur administrative services.

Radio Operators. It can be viewed by anyone at an
official government website and downloaded and printed.

(ThisG U R L permits the holder of &3eneral Amateur  1he Regulations:

Operdors Certificate of Competentyo operate an ~ The Amateur Radio Examination requires a knowledge
amateur radio station in New Zealand. This G U R L lists of the relevanhational andinternational regulations, as
terms, conditions and restrictions, including a schedule ofgyered in this booklet. An understanding of some basic
the amateur radio frequency bands.) radio theory and some radio operating knowledge is also

2. The "General Amateur Operator€ertificate of required.
Competency". Amateur Radio Operators are qualified pjegse refer tthe downloadablSYLLABUS and

persons, they have each passed a written examination agsESTION BANK documentdo see theoverageand
each is the holder of an individu@ertificate of the standardof knowledge requiredor the examination.

Competency ] ] )
) . ARegulations SUMMARY Questiosheet: aide-
(Each operator's name, address and other information is memoiré is attached imppendix 4

entered and held in an officiatrline database. The L .
Certificate is downloaded and printed from this database There are two "Radio Regulations” documerttee

and is kept in the possession of the individual operator.) International Radio Regulationsand ouNew Zealand
. » ) - Radio Regulations You are &pected to have an
Each” Certificate of Competencyidentifies the operator ynderstanding of both of thertis not necessary to learn

and lists one or more individual and uniguagisigns them off in parrotfashion! The important parts are here:

The Wellington VHF Group Inc. Syllabustdl7. AMATEUR RADIQ The RULES explained
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Reread ttat definition of the Amatar

Certificate Number: JES ; H : :
b v 4 oot it —— Service inl.56and look at Question 1 in
( P the Regulations part of the Question
E\;EF, Bank. SeéAppendix 4following.
NEW ZEALAND Reg|ons
Radio Operator Certificate of Competency
e e 42 tuve | FOY regulatory purposes, theterational
e s faguaions <00) Radio Regulationdivide the world into
_ y three 'Regions':
This is lo certify that the above named person meets the competency requirements for the class of cerlificate
NZ General Amateur Operators Certificate Region 1 is Europe, the 'dl USSR’ areas
under the authority given by the Ministry of Economic Development. and Africa.
Personal Detalls Region 2 is North and South America.

D f Birth: ‘N . .
Place of Bith: ., Region 3 is the rest of the world,

gg;.lgr;’tlr}v of Birth: F /E;)\ including New Zealand.

C I 1 . . .
Cglrggre:menygs - \\\w The radio frequency allocations can differ
SAMIELY between the three regions, but at this time
this does not concern your studies for the

amdeur radio examination.

Address:

Allocated Ca"slgns (issued pursuant 1o the provigions of Schedule 1(8) of the regulations)
Primary Personal Callsign SR Secondary Personal Callsign SR

The above named person meets the requirements fo operate an Amaleur radio stabion in accordance with the provisions of the
Radiocommunications Regulations (General User Radio Licence for Amateur Radio Operators) Notice 2006, or & notice in M ore b ac kg roun d :
replacament therool, granted by the Ministry of Economic Develop under Regulation 9 of the Racd afions
Reguiations 2001

CEPT RADIO AMATEUR LICENCE EQUIVALENT You should know about these

This radio licence is in e with CEPT Racs ion T/R 61-01 E INTERNATIONAL and LOCAL
E ahel ana te tohy o tenel pou runaruna reo idrangi i runga Inga whakahau o le Waeture CEPT T/R 61-01 E . .
Diese Amaleurfunkgenahmigung entspricht der CEPT-Empfehiung T/R 61-01 E 0 rg anis at| ons:
Cetlte licenco de rad pond de la Recc T/R 61-01 E de la CEPT.

The to which this c relates are specified in Recommendation JTU RM. 1544 of the Intemational
Telecommunications Unian, and are further prescnibed in Schedule 4 to the Radic 2001

Radio Spectrum Management
Approved Radio Examiner Number: ARI2001 The ITU: The world

X 18 Printed: 28-Nov-2006 10:02:54 . .
S s e telecommunications body

1. Extracts from the International Radio Regulations .Th‘? Intern_atlonal
Telecommunication Union

The International Radio Regulations of interest to radio

amateirs are collected heie Appendix 1Important

regulations are in Article 25.

Thelnternauonal Telecommunication Union,
headquarteikin Geneva,
Switzerland, is an international
organisation within which
governments and the private sector
coordinate global telecom networks
and services. It is an agency of the
United Nations.

2. Extracts from the New ZealandRadio Regulations:

A copy of Schedule Ifrom the New Zealand
Radiocommunications Regulations 2001 is attached. See
Appendix 2

(Note the redrence to thénternational Radio
Regulationsin 1 and2 of Schedule 1 to the NZ
Regulations)

It can be viewed as assemblyf representatives from
govenments Further details may be obtained from the
ITU web pagehttp://www.itu.int/

(For reference purposesThe complete NZ
Radiocommunications Regulations 2001 and the
Radiocommunications Act can be found at:
www.legislation.govt.n3

Through its various conferences and activities, the ITU
produces thénternational Radio RegulationsThis
document is constantly elwing through the work of ITU
conferences.

Both the International and the New Zealand Radio
Regulations give authority for the issuing of radio licence
- but we don't need to go looking to find the exact
regulations or to study their words.

As shown inAppendix 1the Amateur Service is listed in
these regulations, with many matters concertiieg
Amateur Servicén Article 25. This sets mangspects of
the activities of radio amateurs.

Two importantAmateur Radio definitionstaken from the

International Radio Regulationsre: New Zealad is a member of the ITU and tMinistry of

Economic DevelopmefMED), Radio Spectrum

1.56 amateur service:A radiocommunication servider Management GroufRSM) attends to ITU matters for the
the purpose of selfaining, intercommunication and New Zealand government.

technical investigations carried out by amateurs, that is,
duly authorized persons interested in radio technique
solely with a personal aim and without pecuniary interest

%e New ZealandAdministration is the Ministry of
Economic Development (MED) Radio Speatn
Managementgroup (RSM).

1.57 amateursatellite service:A radiocommunication
serviceusingspace stationsn earthsatellitesfor the
same purposes as those of éineateur service

The MED web page with spectrum management detail is
at: http://www.med.govt.nz/rsm

The Wellington VHF Group Inc. Syllabustdl7. AMATEUR RADIQ The RULES explained
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The IARU: The world amateur radio body g) support of MembeSocieties in developing amateur
. . . radio as a valuable national resource, particularly in
The International Amateur Radio Union developing countries; and
Because it uses amternational natural resource, the radio
spectrum, Amateur Radio must organise nationally and
internationally for better mutual use of the
radio spectrum among radio amateurs The IARU Constitution mape viewed at:
throughout the world, to develop Amateur http://www.iaru.org/iarucnst.htm

Radio worldwide, and to successfullyanact

with the agencies responsible for regulating

and allocating radio frequencies.

h) development of amateur radio in those countries not
represented by Memb&ocieties.

NZART: New Zealand's society for

At the international level, national societies .
radio amateurs

throughout the world work together for the international

good of Amateur Radio under the auspices of the The New Zealand Association of

International Amgeur Radio Unior{lARU). The IARU Radio Transmitters Incorporated

web page is aittp:/jwww.iaru.org Founded in 1926, thdew Zealand

The IARU is an organisation in which ftéembersare Associaion of Radio Transmitter@NZART), is

Amateur Radisocieties recognised by the New Zealand Government as the body

representing New Zealand's radio amateurs. Further details
out NZART can be obtained from its web page:
p:/liwww.nzart.org.nz/

Created in Paris in 1925, the IARU has been the watchd
and spokewman for the world Amateur Radio community. htt

The!ARU Const.itutipnorganises the Union into three There are several categories of NZART membership
Regllor)al O.rganlsgtlons that correspond to the thr_ee which include ‘Transmitting’ and ‘NéFransmitting'.
adm|n'|strat|ve regions of the ITU. (See IARU Region 3 Anyone interested in radio can joMOU SHOULD JOIN
following.) TODAY! Enquiries to NZART, P.O. Box 40 525, Upper

The IARU is a member of the ITU Radio@er and the Hutt or tonzart@nzart.org.nz

ITU Development Sector. Representatives from IARU The Objectivesof the NZART are given in thiZART
may attend ITU meetings and conferences, representing Constitutionat:

the Amateur Service and the Amateur Satellite Service. . /mww.nzart.org.nz/nzart/nzar/NZARTConstitution. pdf

The IARU has its headquarters, thrgernational NZART has been a member I¥RU since 1929.
Secretariat'at the headquarteos the USA society, the

American Radio Relay LeagfARRL), in Newington,

Connecticut, USA.

) ) ) IARU Region 3: The REGIONAL amateur radio
The prime purpose of the IARU is theotection of the body:

Amateur ServicesThe IARU objectives, as shown in the
IARU Constitution, are: IARU Region 3

1. The name of this orgaition is the International
Amateur Radio Union (IARU), hereinafter also referred
to as the IARU.

2. Its objectives shall be the protection, promotion, and
advancement of the Amateur and Amat8atellite
Services within the framework of regulations
estabished by the International Telecommunication
Union, and to provide support to Memk8ocieties in Japan Amateur Radio Leag(BARL).
the pursuit of these objectives at the national level, witt The Objects of IARU Region 3 are similar

special reference to the following: to those of IARU but centred on the Ad?acific area. An

a) representation of the interests of amateur radio at and/ARU Region 3 web page is at:
between conferences and meetings of international
telecommunications organizations;

IARU has adopted the same three Regions as the ITU and
each Region has its own amateur radio
organisationlARU Region 3was founded

in Sydney in 1968 with NZART one of the
founding member societies. The
Headquarters of IARU Regiahis in

Tokyo, Japan, at the headquarters of the

http://www .jarl.or.jp/iaru-r3/

) The following extract is from the IARU Region 3
b) encouragement of agreements between national Constitution:
amateur radio societies on matters of common interest; o )
) ~ 0r'he name of the organisation shall be the International
¢) enhancement of amateur radio as a means of technicahmateur Radio Union Region 3 herein called '1ARU
self-training fa young people; Region 3.

d) promotion of technical and scientific investigations in opject and Activities:

the field of radiocommunication; ) ) )
_ ) o The object ofARU Region 3 is to
e) promotion of amateur radio as a means of providing )
relief in the event of natural disasters; promote, represent and advance in whatsoever manner
] ) . . IARU Region 3 thinks fit,
f) encouragement of international goodwill and fdship;

The Wellington VHF Group Inc. Syllabustdl7. AMATEUR RADIQ The RULES explained
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the interest of Radio Amateurs in all countries of Regiohy a delegation led by the New Zealaviahistry of

3 of the International Telecommunications Union (and Economic DevelopmefVMED), Radio Spectrum

without limiting the generality of the foregqg) Management GroufRSM). An NZART member may
sometimes be a part of the New Zealand Delegation to
represent the Amateur Servidehe MED RSM ighe

New Zedand "Administration” .

by the furtherance of the objects of the International
Amateur Radio Union and

having regard to the special interest of radio amateurs

Asia and Oceania FachiARU Region holds aconferenceevery three years

and these are arranged in sequence, so there is a regional
which interests are to protect and enhance radio amateamateur radio conference held each year in one of the

privileges in all of the countriéa the Region, three regions.
to encourage an awareness of the value of radio National Radio Regulations:
amateurs by the administrations of all the countries in

Countries set addinal local licensing conditions for their
radio amateurs. These differ greatly in detail, but all
to educate and encourage potential radio amateurs in ahould conform to thénternational Radio Regulations
of the countries of the Region,

the Region,

As stated earlier, the current document isNieev
to represent radio amateurs battionally and Zealand Radiocommunications Regulatior2901 Those
internationally, and Regulations set many things a radio amateur must observe.

. . . Many of these are considered below.
to protect and retain amateur radio frequency allocation

as frequencies allocated for the sole use of radio

amateurs So, how do | get started?

and provided always shall exercise its powers in suppo
of IARU and not in substitution for the exése of
power by IARU6

Irftyou require assistance with your studies, or wish to
attend a class, or when you are ready for an examination,
you should contagtour local Amateur Radio club.

How does all this fit together? Contact details are given on web sites.
Every two years or so, tH€U holds an international You will soon require the services of an "Approved Radio
conference at which thenternational Radio Examiner” (ARX)- approved by the Ministry of

Regulationsand other documents are discussed and Economic Development, Radio Spectrum Management
modified. New Zealand is represented at theseerentes Group. The ARX will be pleased provide any further
information you may require.
Contact details are on the

ITU . ‘ IARU i
WORLD BODY le—— Liaison —»] WORLDBQDY MED RSM website.
(Membership is (Membershipis A "General Amateur
COUNTRIES) Conference Amsate.“r Radio Operators Certificate of
[ observers [ ocieties) Compet Vi
petency, in your name,

with acallsign, can be

Governing Body Administrative Council .
ITU Conferences International Secretariat granted after passing a
¢ y ¢ T y \ ertter-1 examination.
< . 1ARU The diagram shownrothe
Other Other rReciott 7 Monitoring front page of this booklet
Members Observers y /V System )
REGIONZ |l gives the sequence to foII_ow
to obtain the amateur radio
Y qualification
REGION 3
A
NEW ZEALAND The Examination
Process:
4—| Delegates to Conferences '—» (In New Zealand there is only
v v oneamateur radio
) AnlARU Member Society exa_lmmatlon ancd)negrad_e
AnITU Member Country with the with the of licence. Some countries
Ministry of Economic Development New Zealand Association have several examinatis
asthe Administration of Radio Transmitters
asthe Member that must be attempted and
vy - T passed in sequeneevith
v v several grades of licence
YOu too.)
Liaison between NZART and the A New Zealand
Ministry Radio Amateur

The Wellington VHF Group Inc. Syllabustdl7. AMATEUR RADIQ The RULES explained



Ministry's public information mochurefiApproved Radio
Examiners(ARX) Manuali Radio Operator Certificate
and Callsign Ruleé documenPIB46. This Brochure is
available from the Ministry of Economic Development,
Radio Spectrum Management Group web site.

The written examination comprises 60 multipkehoice
guestions coverinRegulationsandTheory in a single
two-hour examination. This is conducted by appointment
andheld at a mutualhagreed place and time by volunteer
Examination Supervisors.

More can be learned about callsigns by investigating the
MED RSMwebsite and by checking existing and-{a@t
be-allocated callsigns using the SMART-bne facility.

The written test uses questions randomly selected from
600-question publicdomain questiobank. The STUDY
GUIDE containsALL those questions and some sample
tests for you tdry! A booklet with all the questions in the Find some neyet-allocated ones! Your callsign selections
guestionbank can be downloaded from the website. should fit the regular broad patterns: ZL1, ZL2, ZL3 or

. ZL4, with a twoor-threeletter suffix.
A passrequires40 or more correct answers. Your

(provisional) result is given to you after the examination, After a successful examination you will be asked to

on the spot. A successfuRadio Examination Regtl provide your choice ahreecallsign selectionsin

(RER) is recognised by the MED RSM for priority order, to the ARX with youlRER andRadio4A
certificate/callsign application purposes. An ARX can  form, all completed and legible. This is your application to
enter the results of a successful candidate into SMART become a radio amateur.

and set up the records for a new client radio amateur,

including selecting a callsign., An operato can request the address to be withheld for

privacy reasonshbut remember that some stations worked
Variations to the established Examining Process: prefer to post their QSL cards direct to ybw confirm
your contactiand will require your address. Let your

The Radiocommunications Regulations 2001 Regulauonadolress be seen.

28 (2) provides, at the MED Chief Executive's discretion,

for variation to the manner in which an examinationis  Applications for a New Callsign
carried out. If there is need to vary the examination
process for a candidate with a particular disability, the > ) )
local Examination Supervisors should ensure the must_present some official document to confirm their
candidate is fully aware of the established exam procedu'r%entlty and may alspresent a passport photo ID

, - complete with a witnessd signa
and is encouraged to state a preferred variation to the : . .
examination procedure as determinechbysonal of the candidate. For a sucsd candidate, thisanlater

circumstances. The Supervisors should approach the MI’:tB placed electronically on the Certificate of Competency.

RSM Head Office with a recommendation for a variation Application formRadio 4A will be provided by the

to the examining process and obtain approval for that ~ Supervisors anthust be completed by the applicant and
variation before the examination takes place. The Ministrgent together with theassport photo IDand theRERto
will deal with each casas it arises and sees referral by a the ARX for checking and processing.

medical expert and use of a neutral reader/writer as its
preferred option.

Candidates wishing to sit the amateur radio examination

Please ensure that ALL the information entered on these
forms isaccurate,clear and READABLE!

Receiving a Certificate: Where an email address is provided by the candidate,

A Radio Examination ResUIRER) is issued othe-spot upon completion by the ARX of processing a hew
after each examination by the examination Supervisors. a mat e u r 6 slineine&SMART,la sopyoofithe
This isprovisional until the results are checked and certificate will be sent direct to the candidate byail.
confirmed by the ARX. A successful RER is recognised . . . .
for certificateapplication purposes. The Certificate of If all the information above is not provided at the

Competency is emailed after the ARX has successfully p [oqﬁfsinﬁ] time,l_or hf the i.rrlfct))rmdat:on F:erViged iS” .
the entries into SMART. 'legible, the application will be delayed and a callsign

(RSMbés Spe tharw%beissued.

Management and

Registration Existing Callsign Holders

Technology. Existing callsign holderbavereceived a special Client ID
You can feel really proud and passworq from the RSM Office gl\{lhg—btne access
to their records in the Minist

and hang &ertificateon

your wall to recognise  The callsign holder can make charafeaddress, amend

your achievement. You  other contact details and request a replacement certificate

have a qualification that ~ on-ine. There are no fees to access your own information

has international or to make any amendments yourself. A heogy

recognition. certificate,printedin colour, and framedcanthen be
arranged by yourself.

Callsigns:

The ARX will set up your callsign at the time whgour NOTE: You are required by the Radio Regulations to

personal and examination result details are first entered Make updating changes to your permanent address within
into SMART. 7 days orarrange foan ARX to do it for you.

The arrangements and the format for the ARX to follow
when generating an amateur radio callsign are given in the
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Should your Client ID and password have been misplacetp replace your lost certificate, you yourself can
reactivate it by contacting the RSM Processing Centre  download or get a new one downloaded by an ARX from
Freephone: 0508 776 463. the MED RSM's SMART.

Amateur Radio Operating Conditions: All amateur stations, regardless of the mode of
tramsmission used, must be equipped with a reliable means

The amateur radio qualification does not permit operatior}Or determining the operating radio frequency

for commercial or business purposes, or for "pecuniary

gain" (i.e. for making money). (See tiefinition of the You must announce your callsign at least once in 15
Amateur Service.) minutes when operating.

A Generl Amateur Operators Certificate of Competency It is important to note thatdio amateurs are not
entitles the holder to operate transmitters intthieds of "pbroadcasters". The trangsion of music and
frequenciesdesignated for amateur radio use in the entertainment by radio amateurs\i permittedThere is
GURL. a separate ITU definition for broadcasteBrdadcasting

Service:A radiocommunication servida which the
transmissions are intended for direct reception by the
general public.."etc. You are not permitted to make
broadcasts.

When first on the Air:

Please note that the GURL and the Certificate do not
specify anytransmission modeo be sed on anyamateur
band That is the licensee's choice. (Note too the details
about Baneplanning discussed below.)

Note thatradio amateursare permitted to use the

designated industrial, scientific and medid&M) band at On receiving your certificate and callsign you are

27.12 MHzfor telecontrol andtelemetry operation only.  permitted to operatenly on the bands below 5 MHz and

It is not an amateur bandut all amateurs are permitted on the bands above 25 MHz. After experiencing three

to use it. months of practicabperating and with 50 or more

contacts in your log book, you are then permitted to
operate on all the amateur bands. You must keep the log
book and produce it on request. See paragraph 3(3) in the
GURL.

Log Books:

Amateur stations may communicate with other amateur
stationsonly. Amateurs mayot communicate with
commercial or other stations operating legally or illegally
either inside or outside the designated amateur bands.

The only exception to this is undemergency conditions
This approval is specified in tHeternational Radio You are required to keep a station lagpk to log at least
RegulationgseeRR 4.9). If safety of human life is at risk, 50 contacts when you are first qualified. This is the only
communication on any fregacy by anyone is permitted. regulatory requirement for a log book. However, it is
Very occasionally a distress call has been received by arrecommended that radio amateurs keep a log book for at
amateur operator. If no official station replies, an amateuteast two important reasons:

may make contact and should also immediately alert the
NZ Police. If an official station does reply, all eth
stations are obliged to clear the frequency.

First, it is a record of your operatirand may be a useful
record and protection for when a neighbour reports
interference to broadcast or television reception. Were you
A visiting amateur should use his/her own callsign if in  actually operating at the time claimed?

control of a station visited. If the owner is present and in

control, it is permitted to use the owner's callsign. Second it is an important document for amateur radio

contests and awardsand fa keeping track of each QSO
Regulatory information undergoe®fuent revision and  and its QSL card actions, noting the cards sent and the
circumstances change, so you are advised to check the cards received.

MED RSM web site from timéo-time to check for uo-
date versions of the GURL and other documents.
http://www.med.govt.nz/rsm.

A suitable station log book with columns for the
appropriate entries can be purchased from amateur radio

suppliers.
The MED RSM will give sympathetic consideration to i i
requests foreasoned variatiorto individual amateur Third Party Traffic:
operating conditions. An example is the temporary use other people (hird parties"”) may pass "brief personal
higherpower for moorbounce experiments. messages" using an amateur's statialy if the
owner/operator is present and in control of the station.
They should not manipulate the transmitting controls of
There is no upper or lower age limit. the station. Under no circumstances may an unqualified
person operate an amateur's station.

Other important points are:

Your certificate can be inspectég an authorised officer
from the MED at any time. New Zealand permits third party traffic with any other
country. BUBEWARE! Other countriesnay not be
permitted to handle third party traffic with you . Many
countries have countip-country diplomatic agreements
If you change your residential address, you must changefor amateur radio thirgharty traffic. New Zealand is not a
your contact information on the Ministry's databavithin  party to any such agreement. This situation can only be
7 days. If you cannot do this yourself, ask an ARX to do ithanged by the other country, it is not New Zealand's
for you. problem. So make sure that the station you work is
permitted to handle thirgarty traffic with you before

You must be a citizen or a permanent resident of New
Zealand, to receive a New Zealand callsign.
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doing so. Don't put your certificate or the If a Morse code test pass is required for a reciprocal
certificate/licence of the distant station at risk. licence, a Morse test can be arranged with NZART Morse
Testers. ~

NZART has devel GudigsfaaTHEIRD c ument A

PARTY TRAFFICO A copy can be obtained from NZART Overseas regulatory arrangements and requirements are
Headquarters. always changing so an early enquiry before travel would
be wise The web pages of some overseas administrations

The internet IS now fragently used for station linking. Be may give the information and the procedures required. See
sure that unlicensed persons cannot get access to amateaﬂgo_

radio spectrum. www.arrl.org/field/regulations/io/recip-country.html

Mobile and portable operating:

A separate licence/qualification ang callsign is not HarmeI .Inferference: '
necessary when fioperating mobileo or when operating
portabk 0. Use your homall/Rsor at iHarmful intgrferenscds definechimtige International

call/ M when us icalggnMobileaon d i Radio Regudtions (Se&kR 1.169. In short, it isany
"callsignPor t abl ed when away f radiaionrooemission which seripusly ebstructs or

periods. repeatedly interrupts other licensed radio services.

No "secret codes": Amateurs are not permitted to block or to interfere
with another amateur's transmissions. Such deliberate

Amateur radio communication BOT permitted to use . ansmissions would create "malicious” interference.

"secret codé'sat any time. Bcryption of messages for the

purpose ohiding the contentBom other amateurs or Television interference (TVI) caused to neighbours is

listeners is illegal. not necessariljharmful interferencef the amateur is
S transmitting signals free from spurious radiation within

The only ex_ceptlon is fdrcensgesof repeaters and the terms of the GURL.

beacon stations and for satellites to carry out control

functions. A different licence is issuéar a repeater It is corred operating practiceo check that the

station and for a beacon station. Establishing a repeater &iequency you propose to use is free from other users

beacon station isot permitted under the amateur BEFORE you transmit.

operator GURL Unwanted Emissions

Some modes (for example packet radio and PSK81)
use forms of encryption, but these are legal because the
decodng protocols are public knowledge and can in
principle be decoded by other amateurs and by monitori
stations. The €ode is public knowledge!

The GURL in para 5 (9) refers tmwanted emissionand

to the ETSI document: ETS 300 684. (You can find this
on-line usirg Google.) The important points are on page 6
r(gvhere it refers to commercial "amateur” equipment only)
and on page 23 (where levels of measurement are given).

Overseas Travellers: The GURL makes it clear that these measurements refer to

Overseas radio amateurs visiting New Zealand: all unwanted transmissions from amatgear that fall

outside amateur bandsThis is encouragement for home

constructors of transmitting equipment. The view taken is

that 'what amateurs do within their own bands is their

own problem and for them to fix<eep your

In effect, the overseas visitor can walk down the transmissions "clean”!

gangplgnk and commence operating immed.iateily UpoN  Transmitter Power output:

arrival i n Neeneral UseaRadionLitenoe A

(GURL) is alicence that provides for a given class of The GURL in para 5 (5) states that the radio frequency

radio transmitter to be used without requiring a licence inpower output shall not exceed 500 watt peak envelope

the owner s own name. power (PEP). Note: It is independent of mode. The
definition 1.157is in the International Radio Regulations.

The amateur radio GURL provides for oveas radio
amateurs who intend to visit and to operate their own
station in New Zealand.

New Zealand radio amateurs travelling overseas:

. . . The technicalies of this matter are considered in the
New Zealand amateur radio qualifications are widely Study Guide

recognised overseas. Recipaiblicensing agreements of . . o
several different kinds exist between New Zealand and At all imesamateurs are required to useminimum
many other countries. power andminimum bandwidth necessary to ensure

. ___satisfactory service
New Zealand operators who are contemplating travelling

overseas are advised to contactNIZART Reciprocal Frequency Bands:

Licensing Bureau (an NZART Service), for ufo-date A knowledge of the frequency bands between 130 kHz

information abou_t using the_NeW Zealand qua_llflcatlon and 440MHz is required for the examinatiofSee the
overseas or getting a local licence to operate in other GURL, Appendix 3

countries. There are different systems in place in different

countries Check the website of the amateur radio society The International Radio Regulations, in Article 2, say that

in the country yountend to visit. as the unit of frequency is the hertz (Hz), frequencies shall
be expressed:

T in kilohertz (kHz), up to and including 3 000 kHz;
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i in megahertz (MHz), above 3 MHz, up to and including Two spot frequencies near 5 MHz are available for use by

3 000 MHz;

the Amateur Radio Emergency Communications

i in gigahertz (GHz), above 3 GHz, up to and including S(AREC)' Special conditions apply

000 GHz.

Note: Prefix: k = kilo (16), M = mega (1), G = giga

(10°).

Sharing of Bands:

Amateurs share some frequency bands watians of

AREC is also permitted to use the basthe 3.9 MHz
uppersideband.

Access to the band 61d 622 MHz for Amateur
Television (ATV) repeater use and for other purposes has
special conditions which are administered by FMTAG.

other services. Full details about "sharing” are provided in Frequency Band Metre Band
theInternational Radio Regulatiortsut only the general 130-190 kHz 1750 metres
principles of sharing and the bands involved are needed [ 505515 kHz 600 metres
for this examination. 18001950 kHz 160 metres
3.50-3.90 MHz 80 metres
Frequency range | Corresponding 7.007.30 MHz 40 metres
Symbols| (lower limit exclusive Metric 10.1610.15 MHz 30 metres
~ Upper Subdivision 14.0014.350 MHz | 20 metres
limit inclusive) 18.06818.168 MHz | 17 metres
VLF 3 to 30 kHz Myriametric 21.0621.45 MHz 15 metres
waves 24.8924.99 MHz 12 metres
LF 30 to 300 kHz Kilometric 27.12 MHz 11 metres
waves 28.0029.70 MHz 10 metres
: 50.0054.00 MHz 6 metres
MF 300 to 3 000 kHz \Tvg\(;tecnsmetrlc 14461480 MHz > metre_s
HE 310 30 MHz Decametric 430440 MHz 70 centimetres
waves Amateur Radio Bandplanning and Frequency
VHF 30 to 300 MHz Metric Coordination:
waves NZART has a group called FMTAG, thZART
UHF 30010 3000 MHz | Decimetric Frequency Management and Technical Advisory Grqup
waves to coordinate the use of the amateur radio bantiein
SHF 310 30 GHz Centimetric Zealand. This is a group of volunteers who advise the
waves NZART Council on technical matters, including those
EHF 30 to 300 GHz Millimetric relating to the frequencies to be used for VHF/UHF
waves repeaters and beacons.
3000 3000 GHz | Decimillimetric The Amateur Frequency Allocation Char{in the GURL)
waves sets down the bands which a radio amateur has access

How radio amateurs can best organise themselves for
operationswithin those bandss notified by the

SeveralNotesto the Amateur Frequency Allocation Chart Bandp]answhich are pub“shed from tim-time usua”y

(in the GURL), explain the use by amateur stations of then the NZART Annual CallBooland on the website
"shared bads". See"Notes 2 and 3 to the Table".

Favourable access by radio amateurs to some bands usgtlg g t

A letter from the New Zealand Administration, the NZ
Of fi ce at t hBréaklbhdi,mel ua nyd

by other radio services has been given by the regulatory 1983, pages 2, 3 and 4, made radio amatesgonsible

authorities. It is very important that these arrangements k@ their own bandplanning. FMTAG is the NZART
respected so they can continue. The goldémis:Don't

cause any interference to any other stations.

As an amateur station licensee, you have "frequency

agility”, you can change your operating frequency to avoigperations do not impact on yoit is to the mutual
other stations. Other services are usually licensed for on@gdvantage of all operators that the published bandplan
assigned frequency ongnd cannot shift.

Additional note regarding other bands:

The band 50 to 54 MHz is shown in tliéernational
Radio Regulationas AMATEUR but in New Zealand,
only 51 to 53 MHz is available. Because the band 5D

MHz is used by commercial televisionifew Zealand, a

response for this national task.

The bandplans ate ensure that your operations do not
impose problems on other operators and that their

provisions be respected.

Please note that all radio amatebave equal "rights"
to use amateur radio frequencies. This means that
courtesy in operating must prevail.

It is correct operating practicéo check that the
frequency you propose to use is free from other users

special permit is required and may be available from MEBEFORE you transmit.
RSM for amateur stations wishing to operate there.

Special conditions apply. (Permits can usually only be

considered for amateur stations located outside the
coverage areas of 44 t4 BHz television stations.)

No radio licence aafers uporits holder a monopoly on
the use of any frequency or frequency bapdcified on
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the radio licence. (See the NZ Regulatiddshedule 16,  you can operate. By world standards these are very liberal.

in Appendix 2 Respect them at all times.

Compliance and Enforcement: Amateur Radio - a Summary:

The enforcement for necompliance with, or breaching  As already explainedbove, all radio amateurs must hold

of, anyregulatory condition is a cleinistry function. aGeneral Amateur OperatoGertificate of Competency
There is no question about thiist is a statutory function. to operate in the frequency bands and under the terms and
The Ministry has compliance auditing and conditions given in th&eneral User Radio Licencfor
enforcement arrangements in place, active and being  Amateur Radio Operato@nd must observe the
strengthened. requirenents of the international and national regulations.
You have worked hard to obtain yoAMATEUR Read, reread, revise, look at the question lidt€ep up

RADIO QUALIFICATION. Value it. Don't put it at risk.  to-date with any changes too!
Be aware of the conditions and restrictions under which

Appendix 1
Extracts from the International Radio Regulations

The InternationeRadio Regulations are important to all New Zealand radio licence holders.
The localNew Zealand RadiocommunicatidRegulationsnclude the words:

AAny radio transmitter operating under a r
requirements of the Internatial Radio Regulations (to the extent that they reasonably
apply to the category of service specified

A complete copy of thinternational Radio Regulationpublished by the International
Telecommunication Union, can bétained from the ITU at Geneva. It fills several volumes
and isveryexpensivg CHF 252) It is also available on GIROM at a similar cost.

The following regulations, extracted from the International Radio Regulations, are those of
most importance to cio amateurs.

ARTICLE 1
Terms and Definitions

1.2 Administration:Any governmental department or service responsible for discharging the
obligations undertaken in the Constitution of the International Telecommunication Union, in the
Convention of the Inmmational Telecommunication Union and in the Administrative Regulations.

1.56  Amateur ServiceA radiocommunication servider the purpose of setfaining,
intercommunication and technical investigations carried out by amateurs, that is, by duly
authorizd persons interested in radio technique solely with a personal aim and without pecuniary
interest.

1.57 AmateurSatellite ServiceA radiocommunication serviagsingspace stationsn earth
satellitesfor the same purposes as those ofaimateur service

1.157 peak envelope powéof a radio transmitter)The average power supplied to the antenna
transmission line by a transmitter during one radio frequency cycle at the crest of the modulation envelope
taken under normal operating conditions.

1.166 Interference:The effect of unwanted energy due to one or a combinatiemisions
radiations or inductions upon reception irradiocommunicatiorsystem, manifested by any
performance degradation, misinterpretation, or loss of information which couldrbeted in the
absence of such unwanted energy.

1.169 Harmful Interference: Interferenaghich endangers the functioning ofadionavigation
serviceor of othersafety servicesr seriously degrades, obstructs, or repeatedly interrupts a
radiocommunicatio serviceoperating in accordance with these Regulations.
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ARTICLE 4
Assignment and Use of Frequencies
Section |. General Rules

4.4 Administrations of the Members shall not assign to a station any frequency in derogation
of either the Table of Frequency édlations in this Chapter or the other provisions of these
Regulations, except on the express condition that such a station shall not cause harmful
interference to, and shall not claim protection from harmful interference caused by, a station
operating in acordance with the provisions of the Constitution, the Convention and these
Regulations.

4.9 No provision of these Regulations prevents the use by a station in distress, or by a station
providing assistance to it, of any means of radiocommunicationdisfiesal to attract attention,
make known the condition and location of the station in distress, and obtain or provide assistance.

ARTICLE 17

Secrecy

17.1 In the application of the appropriate provisions of the Constitution and the Convention,
administations bind themselves to take the necessary measures to prohibit and prevent:

17.2 a) the unauthorized interception of radiocommunications not intended for the general use of
the public;

17.3 b) the divulgence of the contents, simple disclosure of xigence, publication or any use
whatever, without authorization of information of any nature whatever obtained by the
interception of the radiocommunications mentioned in INo2

ARTICLE 18
Licences

18.1 (1) No transmitting station may be establistoedperated by a private person or by any
enterprise without a licence issued in an appropriate form and in conformity with the provisions of
these Regulations by or on behalf of the government of the country to which the station in
question is subject (Weever, see No4.8.2 18.8and18.11J).

ARTICLE 22
Space Services
Section |. Cessation of Emissions
22.181. Space stations shall be fitted with devices to ensure immediate cessation of their

radio emissions by telecommand, whenever such cessation iietceguder the provisions of
these Regulations.

ARTICLE 25

Amateur services

Section | i Amateur service

251 §1 Radiocommunication between amateur stations of different countries shall be permitted unless
the administration of one ofthe countries concerned has notified that it objects to such
radiocommunications. (WRC-03)

25.2 §2 1) Transmissions between amateur stations of different countries shall be limited to

communications incidental to the purposes of déimeateur service, as defined No. 1.56 and to remarks of a
personal character. (WRC-03)
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25.2A 1A) Transmissions between amateur stations of different countries shall not be encoded for the
purpose of obscuring their meaning, excép control signals exchanged between earth command stations and
space stations in the amatesatellite service. (WRC-03)

25.3 2) Amateur stations may be used for transmitting international conuatimis on behalf of
third parties only in case of emergencies or disaster relief. An administration may determine the applicability of this
provision to amateur stations under its jurisdiction. (W83}

25.4 (SUP- WRC-03)

25.5 §3 1) Administrationsshall determine whether or not a person seeking a licence to operate an
amateur station shall demonstrate the ability to send and receive texts in Morse code siyH&RE-03)

25.6 2) Administrations shall verify the operatidnand technical qualifications of any person
wishing to operate an amateur station. Guidance for standards of competence may be found in the most recent
version of Recommendation IFR M.1544. (WRC-03)

25.7 §4 The maximum power of areur stations shall be fixed by the admirdations
concerned. (WRC-03)

25.8 85 1) All pertinent Articles and provisions of the Constitution, the Convention and of these
Regulations shall apply to amateur stationg\WWRC-03)

259 2) During the course of their transmissions, amateur stations shall transmit their call sign at
short intervals.

25.9A 8§5A Administrations are encouraged to take the necessary steps to allow amateur stationseto prepa
for and meet communication needs in support of disaster reli@/RC-03)

25.9B §5B An administration may determine whether or not to permit a person who has been granted a
licence to operate an amateur station by anddeninistrationto operate an amateur station while that person is
temporarily in its territory, subject to such conditions or restrictions it may impo@&RC-03)

Section Il T Amateur-satellite service
25.10 § 6  The provisions of Section | of this #ele shall apply equally, as appropriate, to the amateur
satellite service.
25.11 87 Administrations authorizing space stations in the amegatellite service shall ensure that

sufficient earth command stations are established befoneHato ensure that any harmful interference caused by
emissions from a station in the amatsatellite service can be terminated immediately (¢&e22.1). (WRC-03)
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Extract from the New Zealand:

RADIOCOMMUNICATIONS REGULATIONS 2001

SCHEDULE 1

TERMS, CONDITIONS, AND RESTRICTIONS APPLYING TO EVERY RADIO LICENCE AND
EXEMPTION FROM RADIO LICENSING

1. Technical complianced

Any radio transmitter operating under a radio licence or an exemption must comply with the
requirements of the International Radio Regulations (to the extent that they reasonably apply to
the category of service specified on the radio licence or exemption), and with any technical
specifications or standards that are specified on the radio licence or exemption, or that may be
notified from time to time by the chief executive by notice in the Gazette.

2. Operational complianced

The operation of any radio transmitter operating under a radio licence or exemption must comply
with the requirements of the International Radio Regulations to the extent that they reasonably
apply to the category of radiocommunication service specified on the radio licence or exemption.

3. Responsibility for observance of provisionsd

Observance of all terms, conditions, and restrictions relating to a radio licence or exemption by
any person authorised to operate a radio transmitter under a radio licence or exemption remains
the personal responsibility of the holder of the radio licence or exemption, as the case may be.

4. Notification of change of addressd

If a radio licence applies specifically to a radio transmitter at a particular address, the licensee
must, within 7 days of removing the radio transmitter from the address, notify the chief executive
of the removal.

5. Compliance with directionsd

The holder of a radio licence or an exemption must comply with any directions given by the chief
executive, or by any person authorised by the chief executive to give directions on the chief
executive's behalf, for the use of the radio transmitter operating under the radio licence or
exemption.

6. No monopoly conferredd

No radio licence or exemption confers upon the holder of the radio licence or exemption a
monopoly on the use of any frequency or frequencies or frequency band or frequency bands
specified on the radio licence or exemption.

7. Operator of radio transmitter to hold valid operator certificated

If a radio licence specifies that the operator of any radio transmitter operating under the radio
licence must be the holder of a certificate of competency of the class specified on the radio
licence, the radio transmitter must not be operated by any person who is not the holder of a
certificate of competency of the required class or of a certificate recognised by the chief
executive.
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8. Callsignsd

(1) If a radio licence requires the use of a callsign, the callsign of the person operating the

radio transmitter in accordance with the radio licence must bed
(a) the callsign shown on the radio licence; or
(b) the callsign shown on the certificate of competency of the person who is
operating the radio transmitter; or
(c) a temporary callsign that the operator is authorised to use in accordance with
subclause (2).

(2) The chief executive may, by notice in the Gazette, authorise a person or a class of

persons to use a temporary callsign for the period, and in accordance with the terms and
conditions, specified in the notice.
9. Documents must be available for inspectiond

The holder of a radio licence or exemption must arrange for the radio licence or exemption, as
the case may be, to be available at all times for inspection by an authorised officer.

10. Dismantling of radio transmitter when contravention has taken placed

If an authorised officer is of the opinion that a contravention of the Act or these regulations has
taken place and requires that a radio transmitter cease operating, the licensee under the relevant

radio licence must comply with the requirement.
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Appendix 3
Extract from T hGa zdaw ede[ehélebm dpréa?olt Befe to make it more

ireaddgbl eo!
Radiocommunications RegulationsGeneral User Radio Licence for Amateur
Radio Operators) Notice 20L.0

Pursuant to Regulation 9 of tRadiocommunications or licence issued by another administration, may
Regulations 2001 it he Regul ati ons o) maocpeatelamahteur stasie m NewdZealand for a
116 (1) (b) of the Radiocommunications Act 1989, and period not exceeding 90 days, provided the
acting under delegated authority from the Chief Executive, certificate, authorisation or licence meets the

| give the following notice. requirements of Recommendation FRJM.1544

or CEPT T/R 6101 or CEPT T/R 6D2 and is
produced at the request of the chief exizeu

Notice 2. The call sign must be the national callsign
) allocated by the other administration to that
1. Short title and commencement person, in conjunction with the prefix or suffix
AZLO which is to be separa
1. This notice is the Radiocommunications call sign by the character
Regulations (General User Radio Licence for word éiéct(ftokl ephony) .

Amateur Radio Operators) Notice D

2. This notice comes into force drMarch 2010. 5 Terms. conditions and restrictions

o applying to all amateur operators
2. General user radio licence PPIYINg P

1. The use of callsigns, including temporary and club

A general user radio licence is gradh for the transmission callsigns, must be in accordance with publication
of radio waves by amateur radio amateur operators in New P1 B Radio Operator Certificate and Callsign
Zealand, for the purpose of communications in the amateur Rule® p u b It htts:/hwvens.rsra.govt.nz/
radio service in accordance with the terms, conditions and o Callsigns must be transmitted at least once every
restrictions of this notice. 15 minutes during communications.

3. National and international communication is
3. Terms, conditions and resictions permitted only between amateur stations, and is

limited to matters of a personal nature, or for the

applying to New Zealand amateur purpose of selfraining, intercommunication and

operators radio technology investigation, solely with a
personal aim and without pecuniary interest. The

1. Persons who hold a General Amateur Operators passing of brief messages of a personal nature on
Certificate of Competency and a callsign issued behalf of other perst is also permitted, provided
pursuant to the Regulations, may operate an no fees or other consideration is requested or
amateur radio station in New Zealand. accepted.

2. The cal |l si g maybesubsiitwtedo f iz ICOMmMunications must not be encoded for the
with the prefix AZMO by t Ipeposeafiohseuring ieir meaningeexceptforr t h e
period of, and participation in, a recognised control signals by the operators of remotely
contest, or as the control station for special event controlled amateur stations.
communications. 5. Except as provided to the contrary in this notice,

3. Operation on amateur bands between 5 MHz and transmitter power output must not exceed 500
25 MHz is not permittednless a person has held watts peak envelope power (pX), as defined in
a General Amateur Operators Certificate of ITU Radio Regulation 1.157.

Competency for three months and logged 50 6. Aamateur stations must, as far as is compatible
contacts during this period. The person must keep with practical considerations, complyttvthe

the logbook record for at least one year and, latest ITUR recommendations to the extent
during this period, produce it at the requestef t applicable to the amateur service.

chief executive. 7. In accordance with Article 25 of the International

Radio Regulations, amateur operators are
encouraged to prepare for, and meet the

4. Terms, conditions and restrictions communication needs of, national and

applying to visiting amateur operators international disaster relief.
8. Amateur beacons, repeaters and fixed links may
1. Persons visiting New Zealand who hold a current not be established pursuant to this licence.

amateur certificate of competency, authorisation
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9. Unwanted emissions outside the frequency bands
specified in this schedule must comply with the
requirements of technical standard® ETS 300
684 published by the European
Telecommunications Standards Institute (ETSI).

10.

The ranges of frequencies, and specific conditions
of use, are those prescribed in the Schedule to this

18.068 to 18.168 MHz

5.83 t0 5.85 Giz (D)

21.00 to 21.45 MHz

10.45 to 10.50 GHz

24.89 10 24.99 MHz

24.00 to 24.05 GHz

28.00 t0 29.70 MHz

47.00 to 47.20 GHz

144.00 to 146.00 MHz

75.50 to 81.00 GHz

435.00 to 438.00 MHz

134.00 to 141.00 GHz

1.26 to 1.27 GHz(a)

241.00 to 250.00 GHz

notice.

6. Consequential revocation of licences

1. The Radiocommnication Regulations (General
User Radio Licence for Amateur Radio Operators)
Notice 20® dated thel3thday ofJune2006 and
published in théNew Zealand Gazett&5 June
2006, No.57, pagel422 is revoked.

Schedule

Freguency Range

Notes

130 to 190 ki

2,4,6

505 to 515 kHz

2,4,7,8

1.80t0 1.95 MHz

N

3.50 to 3.90 MHz

7.00 to 7.10 MHz

7.10 to 7.30 MHz

10.10t10.15 MHz

14.00 to 14.35 MHz

18.068 to 18.168 MHz

21.00 to 21.45 MHz

NN

24.89 to 24.99 MHz

=

26.95 to 27.30 MHz

2,3,56

28.00 to 29.70 MHz

51.00 to 53.00 MHz

144.00 to 146.00 MHz

146.00 to 148.00 MHz

430.00 to 440.00 MHz

NINFIN|F-

=
w

921.00 to 929.00 MHz

1.24 10 1.30 GHz

2.396 t0 2.45 GHz

3.30to0 3.41 GHz

5.6510 5.85 GHz

10.00 to ©.50 GHz

24.00to 24.05 GHz

il L e e R
wN|w|[N|wN |-

2.40to0 2.45 GHz

a. Limited to the eartlo-space direction.

b. Limited to the spac#o-earth direction.
These frequencies are, or may be, allocated for use
by other services. Amateur operators must accept
interference from, and must not cause interference
to, auch other services.

The frequencies:

27.12 MHz (26.957- 27.283 MHz),
433.92 MHz (433.05- 434.79 MHz),
921.5 MHz (915- 928 MHz),
2.45 GHz (2.4-2.5 GHz),
5.8 GHz (5.725- 5.875 GHz),
24.125 GHz (24.00- 24.25 GHz),
122.5 GHz (122- 123 GHz), and
245 GHz (244- 246 GHz)

are designated for industrial, scientific and medical
(ISM) purposes. These frequencies may also be
allocated to Short Range Device (SRD) services.
Amateur operators must accept interference from ISM
and SRD services within theBequency ranges.

4.

5.
6.
7.

Allocated to the amateur service on a temporary
basis until further notice.

Telecommand and telemetry operation only.
Radiated power must not exceed 5 watts e.i.r.p.
Radiated power must not exceed 25 watts e.i.r.p.

Dated at Wellingta this @h day ofFebruary2010.

SANJAI RAJ, Group Manager, Radio Spectrum
Management, Business Services, Ministry of Economic
Development.

24.05 to 24.25 GHZ 3 Exp|anatory Note

47.00 to 47.20 GHz 1 This note is not part of the notice, but is intended to
75.50 to 76.00 GHz 1,2 indicate its general effect.

76.00 to 81.00 GHz 1,2 This notice
122.25 to 123.00 GHz 2,3 1. Prescribes that, pursuant to Regulations made
134.00 to 136.00 GHz 1 under the Radiocommunications Act 1989, a
136.00 to 141.00 GHz 1,2 general user radio licence is granted for the
241.00 to 248.00 GHz 1,2, 3 transmission of radio waves by amateur radio
248.00 to 250.0 GHz 1 operators in New Zealand, for the purpose of
275.00 to 1000 GHz 2.4 communications in the amatelwadio service, in

Notes to Schedule

1. The following ranges of frequencies may also be
used for amateur satellite commuations:

7.00to 7.10 MHz

3.40t0 3.41 GHz

14.00 to 14.25 MHz

5.65 t0 5.67 GHz (a)

accordance with the terms, conditions, and
restrictions of this notice. This notice comes into
force on 1IMarch 2010

This notice replaces the GURL notice of 2006. The
principal change is to add 505 to 515 kHz to the
Schedule.
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Appendix 4
REGULATIONS - Question Summaries

A brief definition for the Amateur Service ia: Unidentified signals may be transmitted by an amateur
radiocommunication service for the purpose of-self  station:never, such transmissions are not pereuitt
training, intercommunication and technical

investigation For short periods you may operate your amateur radio

station somewhere in New Zealand away from the
The International Radio Regulations are developed by location entered in the administration's database:

the:International Telecommunication Union whenever you want to

International radio regulatory matters are coordinated ifo operate an amateur station in a motor vehicle, you
New Zealand by theéMinistry of Economic must:hold a current Genal Amateur Operator
Development Certificate of Competency

The Amateur Service in New Zealand is administered An applicatiorfor the New Zealand General Amateur
through this prime documerthe New Zealand Operator Certificate of Competenapnd a callsign must
Radiocommumiations Regulations be supported with an appropriate examination pass

h qualification andmay be made bya citizen or a
d pemanent resident of New Zealamad others after an
approval from a referral to the RSM Licensing Manager

The world is divided into radio regulatory regions eac
with different radio spectrum allocations. New Zealan
isin:  Region 3

An amateur radio operator must have current mail and
email addresses so the Ministry of Economic
Developmentcan send mail to the operator

The Amateur Service in New Zealand is administered
by: the Ministry of Economic Development Radio
SpectrumManagement Group

The persa responsible for its proper operation if you
transmit from another amateur's stationyau, the
operator

An Amateur Station is quoted in the regulations as a
station:in the Amateur Service

An authorised officer from the Ministry of Economic

Devel opment can inspect Asacé_‘stemhono eritqqo must:ﬁe responsi Iefgrrthet or 6s
P P %rop rope?a iof of thé ‘stafion ifi dclordanBeSwithdne

Certificate of Competencyit any time Radiocommunications Regulations

The bag regulations for the control of the Amateur
Service are to be found in theternational Radio
Regulations from the ITU

A qualified operator is required at an amateur station:
whenever the station is used for transmitting

Q log-book for recording information about stations
Vorked:is recommended for all amateur radio
operators

The holder of a General Amateur Operator Certificate
Competency maytransmit in bands allocated to the
Amateur Service

Persons in your family who are unqualified canno
transmit using your amateur station if they are alone
ith your equipment because they mimild a General
mateur Operator Certificate of Competency before
they are allowed to be operators

As the holder of a General Amateur Operator Certificat
of Competency you may opeeatransmitters in your
station:any number at one time

As the hdder of a New Zealand General Amateur

Operator Certificate of Competency you may operate:
anywhere in New Zealand and in any other country tha
recognises the Certificate

ﬁepeater equipment and frequencies used by New
Zealand radio mateurs are cordinated bythe NZART
Frequency Management and Technical Advisory Group.
The following document must be kept at your amateur
station:your General Amateur Operator Certificate of
Competency

Anyone may be permitted by the qualified operator of
an amateur radio station feass brief comments of a
personal nature provided no fees or other

An Amateur Station is a station thatégerated by the  considerations g requested or accepted

holder of a General Amate Operator Certificate of

Competency on the amateur radio bands A person may hold a General Amateur Operator

Certificate of Competency after reaching this minimum
The qualified operator of an amateur radio station is age:there is no age limit

absent overseas so the home station may be used by:
any person with an appropriate General Amateur
Operator Certificate of Competency

If your signal is strong and perfectly readable at a
distant station, you shouldeduce your transmi
power output to the minimum needed to maintain
Regardless of the mode of transmission used, all contact

amateur stations must be equipped watheliable

means for determining the operating radio frequency
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You must surrender your General Amateur Operator A General Amateur Operator Certificate of Competency
Certificate of Competency at the agetbiere is no age holder may permit any oth@erson topass brief
limit messages of a personal nature provided no fees or other

Power output quoted as peak envelope power (PEP) isc0n5|derat|on are requested or accepted

the:average power output at tloeest of the modulating Messages on behalf of third parties to international
cycle destinations may be transmitted by an amateur station
only if: such communicatiorfsave been authorised by

The maximum output power permitted from an amateu[he countries concerned

station is:specified in the amateur radio General User
Radio Licence The expression "amateur third party communications"
|refers to:messages to or on behalf of Rl@ensed

The transmitter output power for amateur stations at al beople o organisations

times is:the minimum power necessary to caminate

and within the terms of the amateur radio GURL The Morse code signal SOS indicates that a station is:
Your amateur station is identified by transmitting your: g;&;\i/;:nncdelmmmerdanger and requires immediate

callsign

If you receive distress traffic and are unable to render
assistance, you shouldaintain watch until you are
certain that assistance is forthcoming

This callsign could be that allocated to a New Zealand
amateur radio operatazi 2KMJ

The callsigns of New Zealand amateur radidicies:

are listed in the administration's database A secret code for the transmission of messages by the

operator 6an amateur station iapt permitted except
These letters are in general use for the first letters in  for control signals by the licensees of remote beacon or
New Zealand amateur radio callsigas: repeater stations

In New Zealand amateur radio callsigns, the figures  The following messages from an amateur station are
normally used are single digit, 1 to 4 expressly forbiddersecret cipher

Before a elinquished callsign is reissued, it is normally The expression "harmful interference” means:
kept for:1 year interference which obstructs or repeatedly interrupts

. . radiocommunication services
A person in distressnay use any available

communication means to attract attention If interference to the reception of radiocommunications
is caused by the operation of an amateur station, the

C¥tation operator: muginmediately comply with any
action requirel by the MED to prevent the interference

A General Amateur Operator Certificate of Competen
authorises the use afmateur radio transmitting
apparatus only

: . Amateur radio operators may knowingly interfere with
Callsigns and General Amateur Operator Certificates o ther radio communications or signatever

Competency are issued pursuant to the Regulations by

the: Ministry of Economic Development Approved After gaining a General Amateur Operator Certificate of

Radio Examiners Competency you are permitted fost operate for three
manths on amateur radio bands below 5 MHz and

A printed copy of your General Amateur Operator above 25 MHz to log fifty or more contacts

Certificate of Comptency can be replaced by:

downloading and printing yours from the official The Morse code is permitted for use bgy amateur
database (or have an Approved Radio Examiner do thisadio operator
for you)

A New Zealand amateur radio operator may
Permanent changes to postal and email addresses to communicate withother amateur stations wordide
update the official database records must be advised bX
a General Mnateur Operator Certificate of Competency
holder within:seven days

New Zealand amateur radio operator miagin for
and support disaster relief activities

The holder of a General Amateur Operator Certificate of
Competency mayestablish and operate an earth
station in the amateur satellite service

A station usingthecallsgn AVK3XYZ stroke ZI
Yeard on your local VHF repeater. Thistlee station of
an overseas visitor

A General Amateur Operator Certificate of
Competencycontains the unique callsign(s) to be used
by that operator

A General Amateur Operator Certificate of Competenc
is usually issuedodi: life

A licence that authorises a given class of radio . . ~ .

transmitter to be used without requiring a licence in theT he abbreviation AHFO refers t
~ q 9 . between3 MHz and 30 MHz

owner 6 s own n ageeeral usertadioo wn a's '

licence
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An amateur radio operator must be able to: vahift

Bandplans showing the transmission modes in New transmissions are within an authorised frequency band

Zealand amateur radio banal® published for the
mutual respect and advantage of all operatorensure  An amateur station may be shut down at any timeaby:
that your operations do not impose problems on other demand from an authorised official of the Ministry of
operators and that their operations do not impact on Economic Development

you A Gereral Amateur Operator Certificate of

The abbreviation AVHFO r €dénpetesicydoes nat eodfer on its hpldec & nomopoly

between30 MHz anl 300 MHz on the use of any frequency or band
Appendix 5
The Q-code
Newcomers are often puzzled by the codes and QRN Are you troubled by static? | am troubled by
abbreviations used by radio amateurs. These codes static
make inernational communication possible with QRO Shall I increase power? Increase power
save time conveying information. QRQ Shall | send faster? Send faster
BL:]ti)gﬁatlons of the International Telecommunication QRT  Shall I stop sending? Stop sending
) ) QRW Shall | inform ... that you are calling him on
Listed below are some-Qdes used by radio ... kHz? Please inform ... that | am calling on
amateurs.  kHz
The Qcode is used in two wayswith or without a QRX  When willyou call me again? | will call you
question mark. Sometimes a figure, a callsign or a again at ... hours.
frequency, accompanies ad@de. For example: QRZ Who is calling me? You are being called by
QTC? (note the question mark) means
"have you any messages for me?". QSA  What is my signal strength? Your signal

QTC3 means "l have three messages for strengthis .. (1, 2, 3, 4, 5)

you'". QSB Are my signals fading? Your signals are
fading
) QSK Can you hear me bgeen your signals? |
QRG Will yf))u tell me my exact frequency (Or that can hear you between my Signa|s
g ...)k.H\gour exact frequency (or that of ...) QSL Please acknowledge receipt. | acknowledge
receipt
o
QRH \?{;?:Smy frequency vary? Your frequency QSO Can you communicate with ... ? | can
ORK  How intelligibl ssions? Th communicate with ...
ow intelligible are my transmissions? The . 5 Qhi
intell gi bility of your si g;?ﬁ( a 1ohall| shiftfrequency? Spift frequencyjto ...
5) C Have you any messages? | havenessages

for you

QRL  Are you busy? | am busy ) ) o
QTH  What is your location? My location is ...

QRM  Am | being interfered with? You are being
interfered with
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Appendix 6
Callsigns

Identification of Stations

Theldentification of Stationsis in Article 19 of the International Radio Regulations. It includesFbemation of
callsignsfor stations and the formats to be followed for the callsigns used in different radio services.

The International Call Sign Series

T h élabke of allocation of international call sign seriés i Appendix 42 of the International Radio
Reguldions.

The information contained ithe Appendixs simply a compilation of whdtas beesupplied to the ITU by
administrations.

The callsign serie8KA -ZMZ is allocated tdNew Zealand

So, he ZK, ZL and ZMprefixes areallocated to the New Zealandrahistration. What use is made of siee
prefixesis an internal matteor the New Zealand administration.

As far as the ITU is concerned, the purpose of a call sign prefix is only to identify the responsible administration,
not to identify the geographlocation of the station.

(Copies of Article 19 and Appendix 42 are available upon enquiry.)
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Frequencies for Amateur Radio Operating in

New Zealand

This section contains extra material for backgroumoMdedge and for reference. Browse through it to determine its
content before trying to find the answers to the examination questions!

Section 1:

This is anextract from the International Radio Regulations, from Article 2:

As the unit of frequency isie hertz (Hz), frequencies shall be expressed:

This Table is extractedfrom the same ITU Article:

in kilohertz (kHz), up to and including 3 000 kHz;
in megahertz (MHz), aboveNHz, up to and including 800 MHz;
in gigahertz (GHz), above GHz, up to and including G00GHz.

Frequency range
Symbols (lower limit exclusive, upper  |CorrespondinlyletricSubdivisiof
limit inclusive)
VLF 3to 30 kHz Myriametricwaves
LF 30 to 300 kHz Kilometric waves
MF 300 to3 000 kHz Hectometriovaves
HF 3t030 MHz Decametriovaves
VHF 30 to 300 MHz Metric waves
UHF 300 to3 000 MHz Decimetricwaves
SHF 3to 30 GHz Centimetricwaves
EHF 30 to 300 GHz Millimetric waves
300 to3 000 GHz Decimillimetric waves

Note: Prefix: k = kilo (10°), M = mega(10®), G = giga (16).

The Radio Frequency Spectrum

This diagram show$requencyon the horizontal axis, shown "from DC to Daylight". Note that the

horizontal axis is logarithmic (each horizontal interval increases by x10). The range subdivdes int
"audiofrequenciey "radio frequencie% and 'light".

o - Fadio - NOTE: AR marks Eg‘: _
'-E R AR AR AR AR AR AF an amateur radio 3
- VUL LA T oo

i } } } } } } t } t } t } t }

| ™ m - s " — o s =] = ] i) = i _'l.gl
L] L] L] o ] L] o ] L] L] L] [l L] [l L] [l L] [l

[ = = = = = = = = = = = = = = =

o = b = = = = = b = b = b = b = b
m [an] (L] [ap] (L] [ap] m [an] m [an] m [an] m [an] m [an]

Freguency Hz

Frequency Bands' are allocated to thAmateur Service at points throughout the spectrum, shown in
this diagram asaR.
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The next Sections following below identify the frequency limits atiéiolicensing details for the bands
available to New Zealand's radio amateurs.

Section 2: Table of Frequency Bands and Metres equivalent:

Frequency Band Metre Band
130190 kHz 1750 metres
505515 kHz 600 metres
18001950 kHz 160 metres
3.50-:3.90MHz 80 metres
7.007.30 MHz 40 metres
10.1010.15 MHz 30 metres
14.0014.350 MHz 20 metres
18.06818.168 MHz 17 metres
21.0021.45 MHz 15 metres
24.8924.99 MHz 12 metres
27.12 MHz 11 metres
28.0029.70 MHz 10 metres
50.0054.00 MHz 6 metres
1440-148.0 MHz 2 metres
430440 MHz 70 centimetres

SECTION 3: Amateur Radio Frequency Allocations

For study and for examination purposes, the bands up to 440 MHz should receive priority consideration.

The currenAmateur Frequency Allocation Chart with its Notesis in theGeneral User Radio
Licence (GURL)for Amateur Rad Operator§ onits page 2.
PRINT IT AND STUDY IT!( | t
see Syllabus 1 to.y

i s incl

uded

n

t

he

AiRegiul ati onso

This chart undergoes revision as regulattircumstances change, so please occasionally check the

MED RSM web site for any later versioihttp://www.rsm.govt.nz/cms

The MED will give sympathetic consideration to requests for reasoned variatioivtmual
amateur licence conditions. An example is the temporary use of fpghar for moorbounce

experiments.

Operating conditions and courtesies:

Please note that all radio amateurs have equal "rights" to use amateur radio frequencies. This

meanghat courtesy in operating must prevailRefer to: GENERAL OPERATING

PROCEDURES

SECTION 4: Sharing of bands:

bookl

Amateurs share some frequency bands with stations of other services. Full details about "sharing" are provided in
thelnternational RadidRegulationsut only the general principles of sharing and the bands involved are needed for
this examination.

SeveralNotesto the Amateur Frequency Allocation Chantthe General User Radio Licence (GURIpr Amateur
Radio Operatorson page 2 explain the use by amateur stations of the "shared baBds"Notes 2 and 3.

Favourable access by radio amateurs to some bands used by other radio services has been given by the regulatory
authorities. It is very important that these arrangements pectesl so they can continue. The golden rulBast't
cause any interference to any other stations

As an amateur station licensee, you have "frequency agility”, you can change your operating frequency to avoid
other stations. Other services are usualiigensed for one assigned frequency only.
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Electronics Fundamentals
Matter

All matter is comprised of molecules. A molecule is the smallest part of matter which can exist by itself. It contains one or
more atoms, which aremprised of protons, neutrons and electrons.

The light in your room requires energy to glow. The energy must find a path through the light switch and through the coppe
wire. This movement is calleglectronflow.

The wordmatter includes copper, wood,ater, air....everything. If we take a piece of matter such as a drop of water, divide
it into two, and keep dividing it by two, finally when we will find that it can be divided no more and still exist byitself,
have a molecule of water. The moleculatzins atoms.

An atom is divisible and can be divided into electrons and nuclei. The component of interest to us is the Electrons
are the smallest and lightest parts of the atom and are saichégativelycharged. Another part, protons, atsout 1800
times the mass of electrons and jpositivelycharged.

Electrons repel electrons and protons repel protons. Electrons and protons attract one another.
Like forces repel, unlike forces attract.

When an electron and a proton are broughtdsecproximity, the electron moves because the proton is much heavier. The
electron is small, its field is strong negative, and is equal to the positive field of the proton.

When electrons move, the result is an electron flelectricity. To move an et¢ron, a negatively charged field will "push
it", a positively charged field will "pull it". Or there can be combined efforts!

lonisation

When an atom loses an electron, it lacks a negative charge. It is then a called a positive ion. In most atetals ahe
constantly losing and gaining free electrons. In this condition the metal is a good conductor. When gas is ionised under
certain conditions, this too becomes a good conductor. Examples are lightning, neon lights and fluorescent lights.

Conductors and insulators

Materials with atoms or molecules with many free electrons will allow an easy interchange of their electrons.
Examples of good conductors areSilver; Copper; Aluminium; Gold Metalg

If the free electrons are numerous and looselg the element is a good conductor.

If there are few free electrons the element is a poor conductor.

If there are virtually no free electrons, the element is a good insulator.

Examples of good insulators areGlass; Mica; Rubber, Plastics.

Semiconductors

Semiconductors exhibit conductivity somewhere between that of good conductors and good insulators. Examples are silico
and germanium.

Electromotive Force

To produce a drift of electrons or electric current along a wire, there must be a déferépoessure” opotentialbetween
the two ends of the wire. Thitential differencecan be produced by connecting a source of electrical potential to the ends
of the wire.

For example, and simply put, there is an excess of electrons at the negatinaltef a battery and a deficiency of
electrons at the positive terminal. This is due to chemical action within the battery.

A potential difference is the result of the difference in the number of electrons between the terminals. The forceer pressur
due to a potential difference is termed e.mdlectromotive force.

An emf also exists between two objects whenever there is a difference in the number of free electrons per unit volume of tr
object. If the two objects are both negative, and they areemted together, current will flow from the more negatively

charged to the less negatively charged . There will also be an electron flow from a less positively charged object to a more
positively charged object.

The emfis expressed in a unit callecetholt. A volt can be defined as the pressure required to foccerant of one
ampere through eesistanceof one ohm.

Consider the following example: Consider the water pressure (volts) required to pass water (current) through a copper pipe
of a certén small diameter (resistance).
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Try to visualise water going through other pipes of varying diameters. The water pressure required will vary and the volume
delivered will vary, or both.

(The hydraulic analogue is a clear description of what goes ort'sThat coincidence as the science of fluid mechanics was
developed about 100 years before electromagnetism and the words and mathematics were carried across by Maxwell and
others working on electromagnetism (hence sources, sinks, current, flow, condetctiprit should be noted that friction is

the analogue of resistance.)

This is Ohm's law, where E = Volts; | = current in amperes and R = resistance in ohms:

E

Remember: Cover up the value you seeknd the formula to get 1~ R E=IxR R=

it using the two remainingalues is given! o
g Y g Remember this triangle: —7 /1 |R
Electromotive force can be generated in many different ways.| Cover up the value you require

Some examples:Chemical (batteries) e.g. dry cell 1.5V, wet cell
storage about 2.1V

o] Electromagnetic (generators)

o] Thermal (heating junctions of d&@milar metals)

o] Piezeelectric (mechanical vibration of certain crystals)
o] Photoelectric (light sensitive cells)

Cells - Primary cells (Non-rechargeable)

A common method for producing emf is the chemical action in a cell. Two or more cells form a battery. A flashlight cell is
in common use in many small appliancess likely to consist of a zinc can (the negative terminal), a carbon centre rod
with a copper cap (positive terminal), and a black, damp, fizgstsubstance called an electrolyte between them.

These materialgere selected from substances so that electrons are pulled from the outer orbits of the molecules or atoms of
the positive carbon terminal chemically by the electrolyte and deposited on the zinc can. The massing of these electrons on
the zinc produces a blaward pressure of electrons, or an electric strain, equal to the chemical energy in the cell. The cell
remains static at 1.5V until it is connected to some load.

Once connected, the electrons flowing through the circuit start to fill up the deficienioobits of molecules of the
positive rod in a continuous stream. It is important to understand that this motion produces the same current throughout the
circuit at the same timeThere must be a complete circuit for a current to flow.

Alkaline cells 15V, have more energy capacitfhe mercury cell 1.34V is long working. The niclkegdmium or Nicad
1.25V is rechargeabl@ther rechargeable cell types are used in cellphones, digital cameras and the like.

Cells - Secondary cells (Rechargeable)

Thenickel-cadmium or Nicad 1.25V is rechargeable. Other rechargeable cell types are used in cellphones, digital cameras
and the like.

Theleadacid storage battery is in near universal use as a vehicle battery. The cell delivers about 2.1V and is rechargeable.
This particular battery is made of coated lead plates immersed in a solution of sulphuric acid and water. The acid content of
the dielectric varies with the state of the charge. This may be determined by measuring the specific gravity of the
electrolyte. Areading of about 1.27 indicates a full charge while a reading of 1.15 or below indicates the cell needs
recharging.

A 12V battery of these cells may be fast charg&DVIDED that care is taken to let escaping gases free themselves and
PROVIDED the electolyte temperature is below %D or 125F.

The automotive battery was specifically designed for rapid charge and rapid discharge. For example, starting a car can cause
currents well in excess of 500 amperes to fldhis is why jumper leads use thick wareThis battery was not designed for
continuous usesuch as running a radio or headlights in a stationary position for an extended period of time.

Similar types of cells are 'sealed lead acid' which may be used for emergenelyyspavder.
The connection of cells

When two or more cells are connected together in series, they form a battery. The voltages add together. Some flashlights or
portable radios comprise four cells to make up 6V (4 x 1.5V). A car battery has 6 cells in senesget 6 x AV =
12.6V. In actual practice wean get a higher voltage whewehicle batterys under charge

If we put two batteries or cells in parallel, we get the same voltage, but twice the capacity. Twice the energy istavailable
us.
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Measurement Units

The units for voltage, current, resistance and power are covered in other parts of this Study Guide.

You must become familiar with the smaller and larger units often used in radio work. For example, be
sure that yoknow the relationships betweand carconvert (say) millivolt to volt, volt to kilovolt,
microamp to a milliamp, megohms to ohms, {alems to ohms, watt to milliwatt, etc. The following

table will be useful.

Multiples and sub-multiples of electrical units

Symbol Unit Multiply/Di vide by Scientific
Name Notation
T tera x 1 000 000 000 000 10°
G giga x 1 000 000 000 10
M mega x 1 000 000 10
k kilo x 1 000 10
m milli +1 000 10°
U micro +1 000 000 10°
n nano +1 000 000 000 10°
p pico + 1 000 000 000 000 10”
f femto +1 000 000 000 000 000 10"
a alto +1 000 000 000 000 000 00¢ 10"

Theohmis the unit for resistance. It is also the unit for impedance. What is impedance?
The capacitor and the inductor each exhibitctance See Capacitors and Ingttors.

As a first conceptieactancecan be broadly viewed as an AC "resistance equivalent" for capacitors and
for inductors. This is only satisfactory as a first approach to the subject.

Impedanceis a combination of bottesistanceandreactance The term "impedance” implies that RF
circuitry is involved, with either discrete components or with transmission lines.
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Resistors and the Colour Code

Resistors
L ﬂ These are components made to provide resisiartiecuits. They are made in various resistance
D ¢ ]r values, physical sizes, and can be of fixed or variable value.

The circuit symbols used for different types of resistors are shown in the diagram The symbols at A
are those used for fixed value resistatsB are those for variable resistors, at C those for preset
resistors or trimpots, and at D a variable resistor used as a potentiometer, with provision for tapping
off part of the voltage across the resistor, and being able to vary the tap.

>
—AWWW

B

A —  —N—

o]
—N—
—

o

Resistor power ratings:

Fixed resistors are available in a wide range of poatimgs. The power rating of a resistor depends on its ability to
dissipate heat and to keep its operating temperature below a value at which its resistance value is seriouslyoaffected. T
do this, it must have a certain surface area. The larger the power rating, the larger the resistor.

Usual ratings are 0.125, 0.25, 0.5, 1, and 2 watt in caabdrthe more modern filmesistors; above these levels, wire
wound or other types are used.

The fiResistor Colour Codeo:

Resistor values are usually marked on the resistor itself by using colour rings orBetaisse the range of resistor

values used in electronics goes from fractions of an ohm to tens of megohms, it is impossible to unamegstors in

every possible value, so resistors are produced in Apr e
and a tolerance value, which indicates the spread of the resistance value you can expect.

/

\\—*

<«

Istring = 2nd ring = 3rd ring = 4th ring =
Colour 1st digit 2nd digit multiplier tolerance
of value of value %
None +20%
Silver 10°q = 0.01 +10%
Gold 10'q = 0.1 +5%
Black 0 0 1°q = 1.0
Brown 1 1 10'q = 10 q +1%
Red 2 2 1°q = g1 00 2%
Orange 3 3 10°q = 1 kq
Yellow 4 4 10'q = 10
Green 5 5 10°q = 100 | +0.5%
Blue 6 6 10°q = 1 Mq
Violet 7 7 10q = 10 M
Grey 8 8 1®q = 100
White 9 9 1°q = 1000

The Table shows the colour code and the takszacolours for the four ring colour code
Sometimes the value of a resistor is printed on the component it$afletters "R;"  fAakib"k" have a purpose

Note in thisnexttable how these letters act as the decimal indicator:
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Marking Resistance value
RO5 0.05 ohms ohms
1R5 1.5
15R 15 ohms
1k5 1500 ohms or 1.5 kilohms
15k 15000 ohms or 15 kilohms
1M5 1.5 megohms

Some equipmentequires increased precision. To meet this need resistors with a precision of +0.5% are required. For
these types of resistor a five ring or band colour code is used to give a third digit value for more precise resistor values
and tolerances.

Remembering the Colour Code:
The colouring starts witBlack (which is Zero). The sequence is:
0 1 2 3 4 5 6 7 8 9
Black, Brown, Red,Orange,Y ellow, Green.Blue, Violet, Grey, andWhite.
Just remember the ditty:
"Better Be Right Or Your Great Big Venture Goes West"

Remember that it starts A¢ro which isBlack!

An example:

This figure shows a fixed resistor with its colour rings. To read the colour codégpotérance ring to your right and

read offthe colours as number values. The first two rings give a number between 10 and 100 and the third ring is the

power of 10 or multiplier needed for the final val ue.
4

Forexample, theesistor codetbrown, red, yellow, silveis a 12 x 10or 120
L kilohm resistor, and the tolerance of 10% indicates that the value could lie
between 108 kilohms and 132 kilohms.

il
Gold and silver are also used as multipliers. Gold = multipyedue by 10
12

(multiply the value by 0.1) and silver = multiply the value by Ifhultiply the value by 0.01).

Preferred ranges for resistors:
The preferred ranges depend on the tolerance.

For 10% resistors the preferred values are 10, 12, 122187, 33, 39, 47, 56, 68, 82, and multiples of each value. For
example, you can have a 10 ohm, a 10 kilohm, and a 10 megohm resistor value.

For 5% resistors the preferred values are 10, 11, 12, 13, 15, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 58, 42, 58,
75, 82, 91, and multiples of each value.

For 1% resistors the APreferred values of Resistoro ar
137, 140, 143, 147, 150, 154, 158, 162, 165, 169, 174, 178, 182, 187, 192009805, 210, 215, 221, 226, 232, 237,

243, 249, 255, 261, 267, 274, 280, 287, 294, 301, 309, 316, 324, 332, 340, 348, 357, 365, 374, 383, 392, 402, 412, 422,
432, 442, 453, 464, 475, 487, 499, 511, 523, 536, 549, 562, 576, 590, 604, 619, 634, G868, 715, 732, 750,

768, 787, 806, 825, 845, 866, 887, 909, 931, 953, 976, and multiples of each value. For example, you can have a 16.5
ohm, a 165 kilohm, and a 16.5 megohm resistor value.
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Ohm's Law

Ohm's Law states thatrrent flowing in a circuit
is directly proportional to the electromotive force (voltage) applied and
inverselyproportional to the resistance of the circuit.
As a formula it is:

I = E/R amperes

where
I = current flow, (ampere)
E = e.m.f. (volt)
R = resistance (ohm)

The symbol fowolt can be eithe¥ or E. For consistency we will u€e (remembeiElectromotive force).Resistance is
abbreviated t&R and ohms are written using the Greek Ieftfomega).

This law is fundamental to all theoretical work in radio and electronics.

The emfis expressed in a unit called thalt. A volt can be defined as the pressure required to foccerant of one
ampere through gesistanceof one ohm.

Consder the following example: Consider the water pressure (volts) required to pass water (current) through a copper
pipe of a certain small diameter (resistance).

Try to visualise water going through other pipes of varying diameters. The water presairsglr@dl vary and the
volume delivered will vary, or both.

This is Ohm's law, where E = Volts; | = current ir

amperes and R = resistance in ohBs. E E
transposing we get the following: = — E=IxR = — E
R [

Remember this triangle: —7/1|R
Cover up the value you require

Remember: Cover up the value you seeknd
the formula to get itising the two
remaining values is given

Resistors

Many problems are straight substitution of values in one of the above three expressions. If you are given two of the
values of E, | or R, find the third! First find the expression that suits yourgarofitbm the values you are given.

Remember that you must use the unitsit, Ohm, and Ampere. If you are given millivolt, miliamp, or kohm (kile
ohm), be careful with your arithmetic! Convert to the basic vaMel, Amp or Ohm before you start!

Power
The unit of electrical power is theatt (W).
Power is theate of doing work (RememberWith higher power you can cook something fajter!

Power is dissipated in a resistanthe resistor warms up!
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We can develop a diagram to include "powaiculations" too, seeithcircular
diagram. It looks very complicated but it is just a lot of variations of the same
thing! You know many of these alreadthey appear in our triangle.

There are four sectors, fov, |, E andR. Look at the three relainships from the
triangle and locate them on this diagram.

The relationship betweahe wattW, voltsE, and amperek is:
W =Etimesl or E.Il=W. Find this on the diagram.

LR E .l =W is perhaps the most fundamental of all the "power'ticriahips.

To involve resistanceR) in a circuit, we can find a substitute f6ror forl.

For exampleW = E . I. But perhaps we don't knoi&but we know both andR.
So we can substitue = | . R. for E in thisW = E . | .expression.
This now mans thatw =1.R . I.
This can also be written &% = I°R. (Say it out loudWatt = | "squared" R )

This diagram looks complicated, but what it really tells us is that there are many ways of saying the same thing! All it
shows is that the "basic" Otsriiaw formula (I = E/R) can be ustmimake substitution in the basic formula W = E x |
in many different ways!

Check another case tedor when you don't know, but you know botle andR and wish to find/V/!

Power is dissipated in aresistor
Remembe: When current flows in a resistance, heat is produced.

(This is how a fuse works! Heat resulting from excessive current melts the metal link in the fuse!)

For your reference: A table of multiples and submultiples of units

Symbol Unit Name Multiply/Divide by Scientific
Notation
T tera x 1 000 000 000 000 10”7
G giga x 1 000 000 000 10°
M mega x 1 000 000 10
k kilo x 1 000 10°
m milli +1 000 10°
m micro +1 000 000 10°
n nano + 1 000 000 000 10°
p pico +1 000 000 000 000 107
f femto +1 000 000 000 000 000 10"
a alto +1 000 000 000 000 000 000 | 10*®
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Ohm's Law Applied

This study is about the application of Ohm's Law to examples using more than one resistor.

You will recall Ohm's lav:

Where E = Volts; | = current in amperes and R = resistance in @&ynisansposing we get the following:

- _}i' A — :E
| R E=1IxR i E
Remember this triangle: —7/1|R

Cover up the value you require

Remember: Cover up the value you seek and the formula to get it using the two remaining values is given
Resistors in series

This is EASY! To INCREASE resistancejust ADD UP the value of each of the resistors in series.
Example: a 10k, 47k and a 56 k resistor are in series. Total = 113k.

Resistors in SERIES: Rememberou ADD their values up!

Resistors inparallel

This is a little nore complicated but there are shortcuts in practice!

Resistors in parallel must always have a resultant value that is less than the smallest of any of the component resistors.
The current divides between the parallel resistors. The SMALLER resistaaw the LARGER currentThe total
current will be the sum of the currents in each leg of the network.

Remember: Where the component resistors are different values, the resultant parallel value must be less than the
smallest component value alone.

TWO resistors of the same value in parallel will act the same as one resistor of HALF that value. The wattage rating will
be TWICE that of one of the component resistors.

For example: Two 10K resistors in parallel = 5 k.

THREE resistors of the same walin parallel will be ONETHIRD of the value of a single resistor (but three times the
wattage rating).

Example: Three 10k resistors in parallel = 3.3k

... and so on!

Networks of resistors

The resulting value of a network of resistors can somstimeesolved without any great skill being required!
Look at this example: 200

The 30 ohm and the 15 ohm in series, together could be 300 15Q

| d with 30 + 15) =45 oh istor. H fe i
replaced with one ( ) ohm resistor. Happy so fe- e
The 20 and 60 ohm resistors in parallel can be solved with

little thinking!

0
The 28ohm could be replaced with three-6Bm resistors in 60
parallel. So a 2@hm and 6@hm in parallel could be replaced with FOUR@m resistors in parallel.

So the resulting resistance of the two parallel resistors isjoager of60, i.e. = 15 ohm.

So the resulting value of this whole network is (45 + 15) = 60 &agny?
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Sketch the circuit!

It is important in all network problems to be able to "visualise" the circuit. Sketch the dinemniplace the value of
each componentahgside it.Study it carefully

Put all the information you are given on to your diagram. Determine what it is that you are expected to find.
Careful consideration of the components in a network will often lead to an easy evaluation.

If you are asked fothe voltage across PART of a circuit, remember that two EQUAL resistors in SERIES will have
HALF of the applied voltage across each resistor.

If you are asked about the current in a network containing two resistors of EQUAL value in PARALLEL, remember
that the current will DIVIDE EQUALLY through each resistor.

"Internal Resistance"

Batteries, and powesupply substitutes for batteries, exhibit "internal resistance". It is this characteristic that causes the
voltage from any source to "droop" or "satiat is, drop or decrease when a helaaygl current is drawn from it.
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Alternating Current and the generation of a sinewave

Introduction

The household electrical supply and the signal from a radio
Coil wound onplastictupe  transmitter are similaBoth are AC (alternating current)
signals, but they differ in frequencye will first consider how
a simple generator / dynamo / alternator works to produce

Moving electricity and then consider typical radio frequency signals.

Bar Magnet  Consider a coil of fine insulatagire wound on a plastic or
cardboard tube. Connect the ends of the coil to a DC

Coil

elaleleleleleelelelelelelele/e/eeel

milliammeter or galvanometer (for demonstration purposes!). A

_'4 sensitivecenterzero meter is preferred for this demonstration.

0000000000 00000000000 Now take a bar magnet and thrust the magnetthra coil. The
Cross-section of coil meter will deflect.
Now withdraw the magnet. The meter deflects the other way.

As we insert and withdraw the magnet, the meter deflects from one side to the other.

With the magnet stationary, the meter reads zero.

What's happening?

We see that when the magnet is moving, a curreinidiscedin the coil. The moving magnetic field, from the
moving magnetguts the conductoréorming the coil.

We can, by this simple experiment, deduce that the amplitude of the current depends orhssy®ral t

the strength of the magnet,
the rate of cutting of the conductors (i.e. the speed of movement of the magnet) and
the number of conductors (i.e. the number of turns on the coil).

We are convertingnechanical energy(the movement of the magnet)adrelectrical energy We have
demonstrated Faraday's law of induction.

Other considerations

This conversion of mechanical energy (the movement of the magnet) into electrical energy, has other important
aspects too.

The magnet could be stationary and il could move we will consider this case again below.
This principle is the basis of generators, meters, loudspeakers, relays, and lots of other things too.

Consider the reverse operation too: A current could be fed to the coil. This would force thagnet to do
the moving.

The magnet need not be a permanent maghebuld be another coil, wound over the top. We could feed an AC
signal to one cail, the rising and falling magnetic field from it sweeps across the other coil, generating an induced
signal in the second coil (the secondary winding). The two coils are insulated from each ottwrpling is by

the sweeping magnetic fieltlothing needs to make any physical movement. So we heasiormer.

Frequency

Placing the magnet into theitand then removing back to the start point is one cycle. If we could take the
magnet in and out of the coil every second, the polarity of the induced voltage would go through one cycle in one
second. One cycle per second is one hertz (8p)when yowsee 'hertz' or 'Hz' just think of 'cycles per second'.

The alternating voltage provided to your house from the power grid repeats polarity 50 times a second and
reaches 230 volts rms (the "rms" will be treated later3.230/ 50 Hz.

The AC supply cases the electrons in the conductors in your house to first move one way and then the other.
They are probably the same electrons that were there when the wiring was first installed. They just seesaw back
and forth.
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The device which creates your househatgver is called a generator. It works by creating relative motion
between a conductor and a magnetic field.

The Generator

Consider a magnetic field that is constant in its intensity. In this field is a rotating coil. For simplicity, this
diagram on théeft shows it as a singiirn loop. The ends of the coil are brought out to a
meter- the same type of meter as befdrepractice, sliprings would be used to prevent
the wires tangling with rotationbut this complication has not been

shown here.
Please note that this meter has red and blue scale sections to sh ]
change in polarity of the current as the coil rotates. .

. O The coil is rotated in the constant magnetic field by mechanical means

(in practice by water power or by diesel power etof)course the design of a real
Axis of generator is quite differentwe are looking at the simple principles.
rotation

Magnetlc fleld

We are considering the current induced in each of the longer elements of the loep only
so please ignore any complications brought on by the end paints lobp!

When the plane of the loop is vertical between the jaws of this
Hine : magnet, the loop elements are moving parallel withdtrextion
oFfisld. . X otneld - of the magnetic field. The loop is not cutting any lines of force.
So the meter will read zero.

fourreny " When the plane dhe loop is horizontal, the loop elements will
® e svelutien compleies be moving vertical in the jaws of this magnet, a maximum cutting
. ¢ e et of the magnetic field. So the meter will read maximum current.

W, |. - As the loop rotates, the meter will read a current first in one
bbb ity direction, passhrough zero, and then show a current in the other
direction, then back to zeramne full cycle. It is shown here by
the red and blue readings on the met@wariation of our first example when we used a meter with a bar magnet.

Consider the angle mady the the plane of the loop with any vertical line on the diagram. This angle is
significant. When the plane of the loop is vertical in the diagram, the plane of the loop is at zero degrees with a
vertical line. When the plane of the loop is horizorttsik angle is 90 degrees.

The output current indicated on the meter follows this angle chamgi@ewave

At 30 degrees, the current will be sin30 = 0.5 of the maximum, at 45 degrees, the current will be sin45 = 0.707 of
the maximum, at 60 degrees866, and so on.

The frequency of the wave is related to the revolutions, one revolution produces one cycle. One cycle in one
second is a 1 Hz signal.

Maxirgfufriglcdutting The 50 Hz mains supply can be produced by mechanical
) means, and examples are in every powerhouse saogphe
Zero cutting national grid. Fifty cycles in one second (50 Hz) is 3000

Met ? / offield revolutions in each minutdlulti-polar machines are used in
2 ae d; rg Time Practice with a slower rotation speed.
(current) T It is difficult to produce radio frequencies by mechanical
means so these are generatgalectronic means. For

One revolution completed, example 7 MHz represents 7 million revolutions in one
i.e.Onecyclecompleted second.

You can work out how many in one minute!
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For your reference: A table of multiples and submultiples of units

In practice, the hertz, Hz; the kilohertz, kHz; the megahertz, MHz; and the gigahertz, GHz; are used in radio
work. These relationships are shown in this general table:

Symbol Unit Name Multiply/Divide by Scientific
Notation
T tera x 1 000 000 000 000 10”7
G giga x 1 000 000 000 10’
M mega x 1 000 000 10
k kilo x 1 000 10°
m mill + 1000 10°
H micro +1 000 000 10°
n nano +1 000 000 000 10°
p pico +1 000 000 000 000 10"%
f femto +1 000 000 000 000 000 10"
a alto +1 000 000 000 000 000 000 | 1™

The time for one period
The time taken for one cycle, or one period, is the reciprocal of the frequency.

For example, a frequency of 50 cycles in one second, (i.e. 50 Hz), means that the time for one period is one
fiftieth of one second.

The time for one period of a 7 MHsgnal is onesevenmillionth of one second, or orseventh of one
microsecond.

Harmonics

It is difficult to produce a pure sinewave. Signal impurities known as "harmonics" are exact multiples of the
original fundamental signal. The harmonics can bermddiples or evermultiples of the fundamental signal, or
both.

The presence of harmonics has the effect of altering the resultingsihrape from being sinusoidal to being

some other distorted waveform. The level of harmonic content can be very sthtileamaveshape changes are
often not detectable without the use of test equipment to determine the relative level of the harmonic frequency
components.

Harmonics bring interference problems in radio operating too.

The Wellington VHF Group Inc. Syllabus: 20, Alternating Current






37

Alternating Voltage measurements

New Zealand has a 230v 50 Hz mains supply.
The measurement of an alternating voltage is not straightforward. If the "height to the crest of the wave" is

measured, this is known as the "Peak Voltage". But it is not a measurement that is frequently used, as these

drawings show.

P80V v v & v b u we s @0 e . . . .

0.01 0.01 0.01
Second Second Second

Diagram A shows a DC 230V supply. (Note: DC). It runs for one-hundredth of one second. If it had been
feeding an electric heater, the heat produced would have been indicated by the area A.

Diagram B shows an AC 50 Hz supply in which the voltage peaks to 230V during one half-cycle. Again, the
heating effect is related to the area under the curve. But in this case, less heat is produced. The loss of area
under the curve when compared with the DC case can be seen. The AC supply reaches 230V for only an
instant.

In Diagram C, the peak AC voltage has been deliberately increased so that the total area under the curve is
the same area as in the DC case. Area C = Area A. The heating effect in C is the same effective heating as in
case A. This is a sinusoidal waveform.

The 230V level in case C is known as the "rms" value. This means "root-mean-square" and for our purposes
remember it as an area-under-the-curve adjustment to produce the same "heating effect" as an equivalent
smooth DC value.

For a sinusoidal AC signal, the values you should know are:
the peak value is 1.414 times the rms value, and,
the rms value is 0.707 times the peak value.

These relationships are quite easily proved mathematically and this information can be found in standard
electrical textbooks. Remember, this is for the "equivalent heating effect" for a sinusoidal signal.

(It should be noted that the 0.707 rms value is different to the "mean"” or "average" value.

Over one full cycle, the "average voltage" would be zero. But over one half-cycle, the average value for a
sinewave is 0.637.

The ratio of rms to mean values (0.707 to 0.637) is 1.11 for a sinewave. This is known as the "form factor" and is
very dependent on the shape of a waveform.

Don't confuse rms with mean or average value. )
Question 1: For a 230V 50 Hz mains supply, what is the Peak Voltage?

Question 2: How many times in each cycle is this Peak Voltage reached?
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Capacitors, Inductors & Resonane

We 6| | stheandactowi t h

This figure shows a conductor carrying a current. A magnetic field is set up around the conductor as concentric circles.

Wire or conductor . . . . .
If a coil of wire has a current flowing through it, the magnetic flux due to each turn

Direction of will link with every other turn and produce the same sort of magnetic field as a
currert flowe  permanent magnet. Such a coil is called a Solenoid winding

» .
—— solenoid as shown here. It acts as a magnet only Farmer
when current is flowing through it. _ .
The magnetic polarity of the solenoid can be .~ - ‘f ~ 7 .“1‘
detemined from the direction of current flow as o v ]
seen looking in the ends, as shown in the R A
Wagnetic field diagram. From that the direction in which the ;T -7
magnetic field is acting can also be found. 8
Solenoids or electrmagnets are widely used in electronic equipment. Loudspgak :‘“\’3?
headphones, moving coil microphones, measuring instruments, transformers and Sl,jéh I
things, depend on electromagnetism for their operation. i ~\- S
kY . " s
An inductor may be aicored or have a solid core. - et
- -
Magnetic materials

Magnetic materials in common use foettores of solenoids are:
Soft iron: easy to magnetise and demagnetise. Used for motopjeales. Magnetic field
Silicon iron: used for transformer laminations and AC motors. Hogs.

Nickel iron alloy: also known as radio metal and fmetal, is used for highlass adio transformers and
cathoderay tube screens.

Ferrites: iron oxide based materials used for a wide range of applications in radio and electronics generally.
The characteristics depend on the mix of materials in the coraraagtremely varied. Also knowas
ferroxdure and ferroxcube.

Permanent magnetsungsten steel, and alloys of iron, nickel, aluminium, cobalt, ceramic, and titanium are
used. Iron oxides can also be used.

The magnetic field surrounding a coil does not appear immediately the circoiitriected. It takes time to grow from
nothing at the moment of switan to its maximum. The time taken for this depends on many factors, including the
number of turns in the coil, the current, the core material, and theesédfance of the coil. Siraitly, when the current
is switched off the field takes time to decay.

It should be noted that the current in the coil takes time to rise to its maximum. This must be compared to the capacitor
where at switckon, the voltage across the capacitor takes towese to its maximum (see below).

Inductors in series and parallel

A coil hasinductance measured ihenries The values opracticalinductance used in radio range from several henries
(H) to parts of a microhenry (uH). The inductance of a coil ddp®n the number of turns and the core detalils.

L1 Lz L3 When inductors are connected in series, the number of turns is effectively increased.

So too is the inductance, and #féective inductance of the circuit is the sum of
the individual inductances.

The dagram shows series and parallel inductors. These calculations apply only to
inductors which are not coupled magnetically. Where there is coupling between
coils, the total inductance is also affected by the amount of coupling.

(&) =eries Inductors

As with the resistor, for amatir radio examination purposes, you can visualise
L1 Lz La the resulting value of inductors like this:

Putting two inductors in series in effect increases the number of turns so the

inductance value increases.
[k Parallel Inductors

Putting two inductors in parallel, in effect decreashe effective inductance
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Like the resistor, we can use visualised examples to easily work out what happens with two (or more) typical inductors
of the same value. Put two in parallel, the value will halve. Put two in series and the effectivenreluatae will be
double.

In a perfect inductor there is no loss of energy. The energy is stored in the magnetic field surrounding the inductor and
(in an AC circuit) it changes in magnitude and sign twice in each cycle. The opposition to the floreiof isucalled

the inductive reactan@nd is denoted by X Reactance is an opposition to current resulting from a storage of
energy.The relationship is:

X.=2  f wheref is the frequency ihertz L is the inductance ihenries andX_ is thereactance
expressed iohmsFor our purposes, valie6.28an be taken to be the

Note that as th&requency risestheinductive reactance also rises

Currert In practice there is no such thing as a perfect inductor and it is usual to consider
J == trm f=—"1—= the practicacomponent to be a circuit containing both a resistor R (the inductor's
e —~———___resistance) and L the inductor.
| S|

i
I Where resistance and inductance (inductive reactance) exist in a circuit together,
W the i [ i [ i
y are combined into a term, calietbedance representing theiraenbined
l total opposition to current flow.

Reactances can be added together directly. But resistances and reactances must be addeecdiogiethgias
vectors), to get impedance. More about this follows below.

Types of inductors

Inductors used inadio can range from a straight wire at UtdHarge chokes and transformers used for filtering the
ripple from the output of power supplies. Values of inductors range from-naniies to tens of henries. It is convenient
to group them into three categarie

Air core: to keep losses to a minimum it is necessary to keep theesedfance of coils as low as possible.

This means using the thickest possible wire within the space available. Another reason for using thick wire or
sometimes tubing is to redudeeiskin effectosses at high frequencies. Direct current is spread uniformly over
the crosssection of the conductor, but alternating current moves closer to the surface as the frequency
increasesThus it is hecessary to provide a large surface to méeimadio frequency resistance which is known
asskin effect

Inductors used can range from ar@t diameter tube fomeantennan VHFto 50 turns of 22 swg wire on a
7.5cm diameter former for the tank circuit of a M8z transmitter.

The only adjustmeravailable with air core inductors is by tapping all or part of a turn, or by varying the
spacing between turns.

Ferrite or iron dust core:by inserting a ferrite or iron dust core in a coil it is possible to double its inductance.
This means that it idso possible to halve the size of a coil for a given inductance. If the core is threaded, its
position within the coil can be varied to alter the inductance. Someghégle communications receivers have a
system of canoperated cores which are used faritig. The type of material used for the coreslagsis of
importance and care must be taken to use the right grade for the right frequency band. This type of coil is used
throughout the HF range, and into the VHF, fordewel signal circuits. Lossen the cores make them

unsuitable for use in power circuits. Values range from a few microhenries to
about a millihenry.

Similar types of coils have been made using brass cores instead of ferrite.
— 1he effect of this is to reduce the inductance by about 20y also
increase the losses.

Iron core: this classification includes chokes and transformers, both of which
have laminated iron cores. Transformers are described in the next section. A
choke is asinglewinding and a transformer hago or morewindings.

Typical values of inductance for chokes range from 0.1 of a henry to 50

I t henries.
npu E OUtPUt The transformer

Any two coils magnetically linked will act astransformer. Transformers
come in as many forms as inductors, air or dust cored as well as the more
familiar iron-cored type. The irowore can take several forms.

The simple transformer comprises two or more inductors (windings) sharing a common core.
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An alternating current is fed to one of the windings. The operation can explained by considering thie firelgraft
the input winding, the primary, sweeping through the secondary winding to induce an AC current in the secondary.

The "turns ratio”

A common task for a transformer is to provide an AC supply at a voltage suitable for rectifying to pretited 8C
output.

The number of turns on each winding determines the output voltage from the transformer. The output voltage from the
secondary is proportional to th&tio of the turns on the windings.

For example, if the secondary has half as many @srikere are on the primary, and 100V AC is applied to the primary,
the output from the secondary will be 50V.

Transformers can be steyp or stepdown (in voltage). With twice as many turns on the secondary as there are on the
primary and 100 V appliedhe output would be 200V.

Theimpedance ratids proportional to the square of the turns ratio. We can use transformers to change impedances.
This property is one of the most important properties in the use of transformers.

The power output from the secargt winding cannot exceed the power fed into the primary. Ignoring losses; a step
down in voltage means that an increase in current from that-leolirge winding is possible. Similarly, a stap in
voltage means a decrease in the current output. Syathge of wire used for the secondary winding may be different to
the wire used for the primary. (The term "gauge of wire" relates to its-sea¢ional area.)

In effect, a transfor mer cix#&hnigtethe sArméantinmber obWattsoohanotlieoform (E;>El,) 0 .

Iron-cored transformers are used for audio frequencies and for power supplies. Audio frequency traresfermers
designed to give suitable efficiency at frequencies up tH25

For speech and domestic quality radio reprodudtiencore material used is stalloy, while the laminations of-high
fidelity transformers are made of amoetal The construction is the same as for chokes and the same considerations of
size and power rating apply.

Transformer losses

There are two main tys of loss in a transformer, the iron loss and the copper loss. Copper loss is due to the resistance
of the wire used for the windings. Copper loss can be reduced by using large diameter wire for the windings, but there is
a limit to the size and weight drsome copper loss is unavoidable.

One of the principal iron losses is caused by "eddy currents” flowing in thel¢tmrenagnetic circuit (core) can be
Toroid core considered to be a ottern coil and heavy currents could flow causing very high
: losses. To reduceitheddy current loss the core is made up from many thin slices of
iron called laminations which are insulated from each another.

Toroidal core transformers

If the core of a transformer is of speciafiglected material and is formed into a
complete loomas shown in this diagram, nearly all the flux lies within the core and
I there is very little leakage, or flux outside the core.

This results in very little unwanted coupling to adjacent magnetic circuits, and is a
very desirable feature in some circuits. @pplication is in the common SWR

The Capacitor

The capacitor has a wide range of uses in radio. Its fundamental 0—
construction comprises a pair of metal plates. The plates are separ

a dielectric which may be air or some insulating maltefiae diagram I —

shows a diagrammatic capacitor with its circuit symbol.

A capacitor exhibits capacitance, a value measured in farads (F). I
practice, capacitors range from a few picofarads (pF) to many o |
microfarads (UF) in value.

The value of a capacitds determined by the dimensions of its plates, the distance between the plates, (see the arrows on
the above diagram) and the characteristics of the dielectric.

For amateur radio examination purposes, you can visualise the value of a capacitas:like thi
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The capacity is proportional to the area of the plates. So putting two capacitors in parallel in effect increases the
size of the plates so the capacity value increases.

The capacity is inversely proportional to the distance between the pilatesase the spacing (the thickness of
the dielectric) and the capacitance will decrease.

Putting two capacitors in series, in effect does the same thing, it increases the effective distance between plates so the
value decreases.

Like the resistor, we caumse this visualised example to easily work out what happens with two typical capacitors of the
same value. Put two in parallel, the value will double. Put two in series and the effective value will be half.

Voltage ratings

The dielectric space betwedretcapacitor plates may be made very small, to achieve a high capacitance in a component
of small physical size. A high voltage applied between the plates may cause-ddseaik the dielectric causing a
shortcircuit or other damage. So each capacitashie given a voltage rating by its manufacturer in addition to its
capacitance rating.

In practice, capacitors may sometimes be wired in series to achieve higher effective voltage ratings for special
applications. Two capacitors of the same voltagegatired in series will produce a resulting capacitor of double the
effective voltage rating but of half the capacity. (In practice, there are other things that should be taken into
consideration too, but these are not of concern for this amateur raaivnation.)

Most types of capacitors have low leakage. This means that they can hold high levels of charge for long periods after
voltage has been removed, and for this reason should be treated with caution when servicing equipment in which high
voltagesare used.

Capacitor types and characteristics
“Yariable

Air-spaced:are used mainly as variable capacitorst@ming Air-spaced Fixed
capacitors consist of a set of fixed plates, with a set of moving pIatesJ_ £.
mounted on a spindle, that exactly mesh with the fixetepld he movingT -|-
plates are controlled by a knob or by a screwdriver adjustment. Values|

from 5 to 500pF and voltage rating up to 500for receivers, and several Electrolytic  Trimmer

thousand volt for transmitters are available. There are special types for
some applications.

Electrolytic: in this type of capacitor the dielectric is a very thin layer of aluminium oxide formed on the plates
by a conducting chemical compound when a DC potential is applied. The surface of the plates, which are made
of aluminium foil, may be etchet increase the surface area and hence the capacitance value. The large
surface area and the very thin dielectric means that a very large capacitance value can be obtained. Another
similar type uses tantalum oxide as the dielectric. Tantalum range franto03000uF with voltages up to 100

volts, while aluminium types range from QUE to nearly 1F with a voltage range of fromt8 700volts. The

higher the value of capacitance, the lower is the voltage range. In both types a leakage current igessential
maintain the dielectric, and they are generally used on a DC voltage for smoothingangblitegy. The

polarising voltage must also be high enough to keep the leakage current flowing, otherwise the capacitance
value will be reduced.

Capacitive reactance

In a capacitor, energy is not dissipated but is continually being stored and released 1
Opposition is to current floywhich results from energy storage rather than energy lo X =
andis calledreactance It is dependent on frequency and is denoteddy C 2‘]‘[:3" (g

The unit forcapacitivereactancels ohms.The formula, wheré is the frequency in
hertz, C is the capacity ifiarads andXc is the capacitive reactanceahms is shown

Note thatcapacitivereactance is expressedahms and for purposes of éas explanation, we here give ine@gative
sign. This will be considered again in the explanations following béltwg. is a convenient way for us to make a
distinction between capacitive reactance and inductive reactance.

Note that as th&requency rigs thecapacitive reactance decreasé€ompare this with inductive reactanceee
above.)

Current, voltage and phase

As mentioned earlier, resistance and reactance must be added vectorially. For a first and elementary understanding for
the purposes dhis amateur radio examination, a visual approach is possible.

When a capacitor is first connected tb@ supply, a large current flows while the capacitor builds up its charge. The
currentleadson the voltage. At fulcharge, the voltage across theagifor will be high but the current will be zero.
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