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INTRODUCTION 

The 'Regulatory' topics you need to study for the New Zealand 

Amateur Radio Examination are here.  

A book with all 600 questions in the New Zealand Amateur 

Radio Examination Question-bank can be downloaded from the 

website where you obtained this booklet. You can expect 60 

randomly-selected questions in the two-hour examination. The 

question-bank is the intellectual property of the Wellington 

VHF Group. For qualification purposes to ensure the integrity 

of the examination process is maintained it must be used within 

the Groupôs examination systems and procedures.  

You will also need some 'technical books'. Excellent books on 

the basics of amateur radio and radio theory are available.  

Overseas books do not cover the New Zealand regulatory 

requirements for the examination, that need is filled by this 

ñRules Explainedò booklet. Many ñAmateur Radio 

Handbooksò cover the technical topics of the Syllabus. Borrow 

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 mutually-agreed 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 Guide covering all the syllabus.  

Good luck with your studies, we'll 'see you on the air'!  
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AMATEUR RADIO ï The RULES explained
Establishing and Operating an 

Amateur Radio Station in New Zealand 

 

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.   

The "regulatory aspects" of Amateur Radio are very 

important, so important that these notes cover many topics 

in very much greater detail than is necessary for the 

examination. As a radio amateur you need to be aware of 

many regulatory things and to know where to find them in 

the various documents!  

Operating a radio transmitter in the crowded radio 

frequency spectrum requires a good understanding of what 

you are permitted to do, what you are required to do, and 

what you MUST NOT do.  

There are many privileges and responsibilities to being a 

radio amateur: 

¶ Radio amateurs are not constrained to any fixed 

frequencies but may operate on frequencies of their 

own choosing within the frequency bands allocated to 

amateur radio distributed throughout the radio 

frequency spectrum.  

¶ Radio amateurs may use communication modes of 

their own choosing.  

¶ The equipment used by radio amateurs need not be 

'type-approved' like the equipment used by most other 

radio services.  

¶ Radio amateurs can construct and operate their own 

equipment on any of the many amateur radio 

frequency bands.  

 

There are TWO important documents. These are:  

1.    The "General User Radio Licence for Amateur 

Radio Operators". It can be viewed by anyone at an 

official government website and downloaded and printed.  

(This G U R L permits the holder of a "General Amateur 

Operators Certificate of Competency" to operate an 

amateur radio station in New Zealand. This G U R L lists 

terms, conditions and restrictions, including a schedule of 

the amateur radio frequency bands.)  

2.    The "General Amateur Operators Certificate of 
Competency". Amateur Radio Operators are qualified 

persons, they have each passed a written examination and 

each is the holder of an individual Certificate of 

Competency.  

(Each operator's name, address and other information is 

entered and held in an official on-line database. The 

Certificate is downloaded and printed from this database 

and is kept in the possession of the individual operator.)  

Each " Certificate of Competency"  identifies the operator 

and lists one or more individual and unique callsigns, 

unique to that individual operator. The callsign(s) listed on 

the Certificate are used on-air by the named operator to 

identify that particular station.  

You must know and understand more about these two 

documents. 

The GURL: A copy is attached in Appendix 3. Study it 

carefully. It is available at:  
http://www.rsm.govt.nz/licensing/gurls/gurl-amateur.html  

The Certificate of Competency: The Amateur Radio 

database records are held by the Ministry of Economic 

Development, Radio Spectrum Management Group's 

SMART - "Spectrum Management And Registration 

Technology". SMART is accessible on-line by anyone for 

viewing any certificate-holderôs callsign and information: 
http://www.rsm.med.govt.nz/pls/web/dbssiten.main  

With the aid of a supplied confidential "Client Key" and 

"Password", each amateur operator, i.e. you as a 

certificate and callsign holder, has access to your personal 

contact details in the database. You are required to keep 

your own address and other contact details up-to-date. 

You can also order a replacement Certificate of 

Competency and it can be emailed to you.  

If you don't have the facilities to do this on-line, an ARX  

(Approved Radio Examiner) can do it for you. An ARX is 

a person authorised to make new entries to the database 

for candidates who pass the Amateur Radio Examination 

and, among other things, to arrange callsigns for newly-

qualified amateurs.  

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  

An ARX can attend to these matters for you. There may 

be a fee charged by some to cover the costs of these 

administrative services.  

 

The Regulations: 

The Amateur Radio Examination requires a knowledge 

of the relevant national and international regulations, as 

covered in this booklet. An understanding of some basic 

radio theory and some radio operating knowledge is also 

required.  

Please refer to the downloadable SYLLABUS and 

QUESTION BANK documents to see the coverage and 

the standard of knowledge required for the examination.  

A Regulations SUMMARY Question-sheet: "aide-

memoire" is attached in Appendix 4.  

There are two "Radio Regulations" documents - the 

International Radio Regulations and our New Zealand 

Radio Regulations. You are expected to have an  

understanding of both of them. It is not necessary to learn 

them off in parrot-fashion! The important parts are here:  
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1. Extracts from the International Radio Regulations:  

The International Radio Regulations of interest to radio 

amateurs are collected here in Appendix 1. Important 

regulations are in Article 25.  

2. Extracts from the New Zealand Radio Regulations:  

A copy of Schedule 1 from the New Zealand 

Radiocommunications Regulations 2001 is attached. See 

Appendix 2.  

 (Note the reference to the International Radio 

Regulations in 1 and 2 of Schedule 1 to the NZ 

Regulations.)  

(For reference purposes: The complete NZ 

Radiocommunications Regulations 2001 and the 

Radiocommunications Act can be found at: 

www.legislation.govt.nz ) 

Both the International and the New Zealand Radio 

Regulations give authority for the issuing of radio licences 

- but we don't need to go looking to find the exact 

regulations or to study their words.  

Two important Amateur Radio definitions taken from the 

International Radio Regulations are: 

1.56   amateur service:  A radiocommunication service for 

the purpose of self-training, intercommunication and 

technical investigations carried out by amateurs, that is, by 

duly authorized persons interested in radio technique 

solely with a personal aim and without pecuniary interest. 

1.57   amateur-satellite service:  A radiocommunication 

service using space stations on earth satellites for the 

same purposes as those of the amateur service. 

Re-read that definition of the Amateur 

Service in 1.56 and look at Question 1 in 

the Regulations part of the Question-

Bank. See Appendix 4, following.   

Regions:  

For regulatory purposes, the International 

Radio Regulations divide the world into 

three 'Regions':  

Region 1  is Europe, the 'old USSR' areas 

and Africa. 

Region 2  is North and South America. 

Region 3  is the rest of the world, 

including New Zealand. 

The radio frequency allocations can differ 

between the three regions, but at this time 

this does not concern your studies for the 

amateur radio examination.  

 

More background:  

You should know about these 

INTERNATIONAL  and LOCAL  

organisations:  

 

The ITU: The world 
telecommunications body  

The International 
Telecommunication Union  

The International Telecommunication Union, 

headquartered in 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.  

It can be viewed as an assembly of representatives from 

governments. Further details may be obtained from the 

ITU web page: http://www.itu.int/  

Through its various conferences and activities, the ITU 

produces the International Radio Regulations. This 

document is constantly evolving through the work of ITU 

conferences.  

As shown in Appendix 1, the Amateur Service is listed in 

these regulations, with many matters concerning the 

Amateur Service in Article 25. This sets many aspects of 

the activities of radio amateurs.  

New Zealand is a member of the ITU and the Ministry of 

Economic Development (MED), Radio Spectrum 

Management Group (RSM) attends to ITU matters for the 

New Zealand government.   

The New Zealand Administration is the Ministry of 

Economic Development (MED) Radio Spectrum 

Management group (RSM).  

The MED web page with spectrum management detail is 

at: http://www.med.govt.nz/rsm  

http://www.itu.int/
http://www.med.govt.nz/rsm
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The IARU: The world amateur radio body  

The International Amateur Radio Union  

Because it uses an international natural resource, the radio 

spectrum, Amateur Radio must organise nationally and 

internationally for better mutual use of the 

radio spectrum among radio amateurs 

throughout the world, to develop Amateur 

Radio worldwide, and to successfully interact 

with the agencies responsible for regulating 

and allocating radio frequencies.  

At the international level, national societies 

throughout the world work together for the international 

good of Amateur Radio under the auspices of the 

International Amateur Radio Union (IARU). The IARU 

web page is at: http://www.iaru.org 

The IARU is an organisation in which its Members are 

Amateur Radio societies.  

Created in Paris in 1925, the IARU has been the watchdog 

and spokesman for the world Amateur Radio community.  

The IARU Constitution organises the Union into three 

Regional Organisations that correspond to the three 

administrative regions of the ITU. (See IARU Region 3 

following.)  

The IARU is a member of the ITU Radio Sector and the 

ITU Development Sector. Representatives from IARU 

may attend ITU meetings and conferences, representing 

the Amateur Service and the Amateur Satellite Service.  

The IARU has its headquarters, the 'International 

Secretariat', at the headquarters of the USA society, the 

American Radio Relay League (ARRL), in Newington, 

Connecticut, USA.  

The prime purpose of the IARU is the protection of the 

Amateur Services. The IARU objectives, as shown in the 

IARU Constitution, are:  

1. The name of this organization 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 Amateur-Satellite 

Services within the framework of regulations 

established by the International Telecommunication 

Union, and to provide support to Member-Societies in 

the pursuit of these objectives at the national level, with 

special reference to the following: 

a) representation of the interests of amateur radio at and 

between conferences and meetings of international 

telecommunications organizations; 

b) encouragement of agreements between national 

amateur radio societies on matters of common interest; 

c) enhancement of amateur radio as a means of technical 

self-training for young people; 

d) promotion of technical and scientific investigations in 

the field of radiocommunication; 

e) promotion of amateur radio as a means of providing 

relief in the event of natural disasters; 

f) encouragement of international goodwill and friendship; 

g) support of Member-Societies in developing amateur 

radio as a valuable national resource, particularly in 

developing countries; and 

h) development of amateur radio in those countries not 

represented by Member-Societies. 

The IARU Constitution may be viewed at: 
http://www.iaru.org/iarucnst.htm  

 

NZART: New Zealand's society for 
radio amateurs  

The New Zealand Association of 
Radio Transmitters Incorporated  

Founded in 1926, the New Zealand 

Association of Radio Transmitters (NZART), is 

recognised by the New Zealand Government as the body 

representing New Zealand's radio amateurs. Further details 

about NZART can be obtained from its web page: 
http://www.nzart.org.nz/   

There are several categories of NZART membership 

which include 'Transmitting' and 'Non-Transmitting'. 

Anyone interested in radio can join. YOU SHOULD JOIN 

TODAY!  Enquiries to NZART, P.O. Box 40 525, Upper 

Hutt or to nzart@nzart.org.nz  

The Objectives of the NZART are given in the NZART 

Constitution at: 
http://www.nzart.org.nz/nzart/nzart/NZARTConstitution.pdf  

NZART has been a member of IARU since 1929.  

 

IARU Region 3: The REGIONAL amateur radio 
body:  

IARU Region 3  

IARU has adopted the same three Regions as the ITU and 

each Region has its own amateur radio 

organisation. IARU Region 3 was founded 

in Sydney in 1968 with NZART one of the 

founding member societies. The 

Headquarters of IARU Region 3 is in 

Tokyo, Japan, at the headquarters of the 

Japan Amateur Radio League (JARL).  

The Objects of IARU Region 3 are similar 

to those of IARU but centred on the Asia-Pacific area. An 

IARU Region 3 web page is at:  

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

The following extract is from the IARU Region 3 

Constitution:  

óThe name of the organisation shall be the International 

Amateur Radio Union Region 3 herein called 'IARU 

Region 3. 

Object and Activities:  

The object of IARU Region 3 is to  

promote, represent and advance in whatsoever manner 

IARU Region 3 thinks fit,  

http://www.iaru.org/
http://www.iaru.org/iarucnst.html
http://www.nzart.org.nz/nzart/
mailto:nzart@nzart.org.nz
http://www.jarl.or.jp/iaru-r3/
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the interest of Radio Amateurs in all countries of Region 

3 of the International Telecommunications Union (and 

without limiting the generality of the foregoing)  

by the furtherance of the objects of the International 

Amateur Radio Union and   

having regard to the special interest of radio amateurs in 

Asia and Oceania  

which interests are to protect and enhance radio amateur 

privileges in all of the countries in the Region,  

to encourage an awareness of the value of radio 

amateurs by the administrations of all the countries in 

the Region,  

to educate and encourage potential radio amateurs in all 

of the countries of the Region,  

to represent radio amateurs both nationally and 

internationally, and  

to protect and retain amateur radio frequency allocation 

as frequencies allocated for the sole use of radio 

amateurs  

and provided always shall exercise its powers in support 

of IARU and not in substitution for the exercise of 

power by IARU.ô 

How does all this fit together? 

Every two years or so, the ITU holds an international 

conference, at which the International Radio 

Regulations and other documents are discussed and 

modified. New Zealand is represented at these conferences 

by a delegation led by the New Zealand Ministry of 

Economic Development (MED), Radio Spectrum 

Management Group (RSM). An NZART member may 

sometimes be a part of the New Zealand Delegation to 

represent the Amateur Service. The MED RSM is the 

New Zealand "Administration" .  

Each IARU Region holds a conference every three years 

and these are arranged in sequence, so there is a regional 

amateur radio conference held each year in one of the 

three regions.  

National Radio Regulations:  

Countries set additional local licensing conditions for their 

radio amateurs. These differ greatly in detail, but all 

should conform to the International Radio Regulations. 

As stated earlier, the current document is the New 

Zealand Radiocommunications Regulations 2001. Those 

Regulations set many things a radio amateur must observe. 

Many of these are considered below.  

 

So, how do I get started?  

If you require assistance with your studies, or wish to 

attend a class, or when you are ready for an examination, 

you should contact your local Amateur Radio club. 

Contact details are given on web sites.  

You will soon require the services of an "Approved Radio 

Examiner" (ARX) - approved by the Ministry of 

Economic Development, Radio Spectrum Management 

Group. The ARX will be pleased to provide any further 

information you may require. 

Contact details are on the 

MED RSM website.  

A "General Amateur 

Operators Certificate of 

Competency", in your name, 

with a callsign, can be 

granted after passing a 

written examination.  

The diagram shown on the 

front page of this booklet 

gives the sequence to follow 

to obtain the amateur radio 

qualification  

 

The Examination 
Process:  

(In New Zealand there is only 

one amateur radio 

examination and one grade 

of licence. Some countries 

have several examinations 

that must be attempted and 

passed in sequence - with 

several grades of licence 

too.)  

NEW ZEALAND

Other 
Members

Other 
Observers

REGION 1

REGION 2

IARU
Monitoring

System

Governing Body
ITU Conferences

Administrative Council
International Secretariat

I A R U  
WORLD BODY
(Membership is 

) 
Amateur Radio 

Societies

Liaison

Conference
Observers

REGION 3

An with the 

as the 

ITU Member Country 

Ministry of Economic Development 

Administration

Liaison between  and the NZART
Ministry 

YOU
A New Zealand
Radio Amateur

An 
with the 

as the 

IARU Member Society

New Zealand Association 
of Radio Transmitters

Member

Delegates to Conferences
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The written examination comprises 60 multiple-choice 

questions covering Regulations and Theory in a single 

two-hour examination. This is conducted by appointment 

and held at a mutually-agreed place and time by volunteer 

Examination Supervisors.  

The written test uses questions randomly selected from a 

600-question public-domain question-bank. The STUDY 

GUIDE contains ALL  those questions and some sample 

tests for you to try! A booklet with all the questions in the 

question-bank can be downloaded from the website.  

A pass requires 40 or more correct answers. Your 

(provisional) result is given to you after the examination, 

on the spot. A successful "Radio Examination Result" 

(RER) is recognised by the MED RSM for 

certificate/callsign application purposes. An ARX can 

enter the results of a successful candidate into SMART 

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

including selecting a callsign.  

Variations to the established Examining Process:  

The Radiocommunications Regulations 2001 Regulation 

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

for variation to the manner in which an examination is 

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 

candidate is fully aware of the established exam procedure 

and is encouraged to state a preferred variation to the 

examination procedure as determined by personal 

circumstances. The Supervisors should approach the MED 

RSM Head Office with a recommendation for a variation 

to the examining process and obtain approval for that 

variation before the examination takes place. The Ministry 

will deal with each case as it arises and sees referral by a 

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

preferred option.  

Receiving a Certificate:  

A Radio Examination Result (RER) is issued on-the-spot 

after each examination by the examination Supervisors. 

This is provisional until the results are checked and 

confirmed by the ARX. A successful RER is recognised 

for certificate-application purposes. The Certificate of 

Competency is emailed after the ARX has successfully put 

the entries into SMART. 

(RSMôs Spectrum 

Management and 

Registration 

Technology). 

You can feel really proud 

and hang a certificate on 

your wall to recognise 

your achievement. You 

have a qualification that 

has international 

recognition.  

Callsigns:   

The ARX will set up your callsign at the time when your 

personal and examination result details are first entered 

into SMART.  

The arrangements and the format for the ARX to follow 

when generating an amateur radio callsign are given in the 

Ministry's public information brochure ñApproved Radio 

Examiners (ARX) Manual ï Radio Operator Certificate 

and Callsign Rulesò document PIB46. This Brochure is 

available from the Ministry of Economic Development, 

Radio Spectrum Management Group web site.  

More can be learned about callsigns by investigating the 

MED RSM website and by checking existing and yet-to-

be-allocated callsigns using the SMART on-line facility.  

Find some not-yet-allocated ones! Your callsign selections 

should fit the regular broad patterns: ZL1, ZL2, ZL3 or 

ZL4, with a two-or-three-letter suffix.  

After a successful examination you will be asked to 

provide your choice of three callsign selections, in 

priority order, to the ARX with your RER and Radio4A 

form, all completed and legible. This is your application to 

become a radio amateur.  

An operator can request the address to be withheld for 

privacy reasons - but remember that some stations worked 

prefer to post their QSL cards direct to you (to confirm 

your contact) and will require your address. Let your 

address be seen.  

Applications for a New Callsign  

Candidates wishing to sit the amateur radio examination 

must present some official document to confirm their 

identity and may also present a passport photo ID 

complete with a witnessô signature confirming the identity 

of the candidate. For a successful candidate, this can later 

be placed electronically on the Certificate of Competency.  

Application form Radio 4A will be provided by the 

Supervisors and must be completed by the applicant and 

sent together with the passport photo ID and the RER to 

the ARX for checking and processing.  

Please ensure that ALL the information entered on these 

forms is accurate, clear and READABLE! 

Where an e-mail address is provided by the candidate, 

upon completion by the ARX of processing a new 

amateurôs details on-line in SMART, a copy of the 

certificate will be sent direct to the candidate by e-mail.  

If all the information above is not provided at the 
processing time, or if the information provided is 
illegible, the application will be delayed and a callsign 
cannot be issued. 

Existing Callsign Holders 

Existing callsign holders have received a special Client ID 

and password from the RSM Office giving on-line access 

to their records in the Ministryôs new SMART system.  

The callsign holder can make change-of-address, amend 

other contact details and request a replacement certificate 

on-line. There are no fees to access your own information 

or to make any amendments yourself. A hard-copy 

certificate, printed in colour, and framed, can then be 

arranged by yourself.  

NOTE: You are required by the Radio Regulations to 

make updating changes to your permanent address within 

7 days or arrange for an ARX to do it for you.  
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Should your Client ID and password have been misplaced, 

reactivate it by contacting the RSM Processing Centre 

Freephone: 0508 776 463. 

Amateur Radio Operating Conditions:  

The amateur radio qualification does not permit operation 

for commercial or business purposes, or for "pecuniary 

gain" (i.e. for making money). (See the definition of the 

Amateur Service.) 

A General Amateur Operators Certificate of Competency 

entitles the holder to operate transmitters in the bands of 

frequencies designated for amateur radio use in the 

GURL.  

Please note that the GURL and the Certificate do not 

specify any transmission mode to be used on any amateur 

band. That is the licensee's choice. (Note too the details 

about Band-planning discussed below.) 

Note that radio amateurs are permitted to use the 

designated industrial, scientific and medical (ISM) band at 

27.12 MHz for telecontrol and telemetry operation only. 

It is not an amateur band but all amateurs are permitted 

to use it.  

Amateur stations may communicate with other amateur 

stations only. Amateurs may not communicate with 

commercial or other stations operating legally or illegally 

either inside or outside the designated amateur bands.  

The only exception to this is under emergency conditions. 

This approval is specified in the International Radio 

Regulations (see RR 4.9). If safety of human life is at risk, 

communication on any frequency by anyone is permitted. 

Very occasionally a distress call has been received by an 

amateur operator. If no official station replies, an amateur 

may make contact and should also immediately alert the 

NZ Police. If an official station does reply, all other 

stations are obliged to clear the frequency.  

A visiting amateur should use his/her own callsign if in 

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

control, it is permitted to use the owner's callsign. 

Regulatory information undergoes frequent revision and 

circumstances change, so you are advised to check the 

MED RSM web site from time-to-time to check for up-to-

date versions of the GURL and other documents. 
http://www.med.govt.nz/rsm.  

The MED RSM will give sympathetic consideration to 

requests for reasoned variation to individual amateur 

operating conditions. An example is the temporary use of 

higher-power for moon-bounce experiments.  

Other important points are:   

There is no upper or lower age limit.   

Your certificate can be inspected by an authorised officer 

from the MED at any time.  

You must be a citizen or a permanent resident of New 

Zealand, to receive a New Zealand callsign.  

If you change your residential address, you must change 

your contact information on the Ministry's database within 

7 days. If you cannot do this yourself, ask an ARX to do it 

for you.  

To replace your lost certificate, you yourself can 

download or get a new one downloaded by an ARX from 

the MED RSM's SMART. 

All amateur stations, regardless of the mode of 

transmission used, must be equipped with a reliable means 

for determining the operating radio frequency. 

You must announce your callsign at least once in 15 

minutes when operating.  

It is important to note that radio amateurs are not 

"broadcasters". The transmission of music and 

entertainment by radio amateurs is not permitted.There is 

a separate ITU definition for broadcasters: "Broadcasting 

Service: A radiocommunication service in 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:   

On receiving your certificate and callsign you are 

permitted to operate only on the bands below 5 MHz and 

on the bands above 25 MHz. After experiencing three 

months of practical operating 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:  

You are required to keep a station log book to log at least 

50 contacts when you are first qualified. This is the only 

regulatory requirement for a log book. However, it is 

recommended that radio amateurs keep a log book for at 

least two important reasons:  

First , it is a record of your operating and may be a useful 

record and protection for when a neighbour reports 

interference to broadcast or television reception. Were you 

actually operating at the time claimed?  

Second, it is an important document for amateur radio 

contests and awards ï and for keeping track of each QSO 

and its QSL card actions, noting the cards sent and the 

cards received.  

A suitable station log book with columns for the 

appropriate entries can be purchased from amateur radio 

suppliers.  

Third Party Traffic:  

Other people ("third parties") may pass "brief personal 

messages" using an amateur's station only if the 

owner/operator is present and in control of the station. 

They should not manipulate the transmitting controls of 

the station. Under no circumstances may an unqualified 

person operate an amateur's station.  

New Zealand permits third party traffic with any other 

country. But BEWARE ! Other countries may not be 

permitted to handle third party traffic with you . Many 

countries have country-to-country diplomatic agreements 

for amateur radio third-party traffic. New Zealand is not a 

party to any such agreement. This situation can only be 

changed by the other country, it is not New Zealand's 

problem. So make sure that the station you work is 

permitted to handle third-party traffic with you before 
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doing so. Don't put your certificate or the 

certificate/licence of the distant station at risk.  

NZART has developed a document ñGuidelines for THIRD 

PARTY TRAFFICò. A copy can be obtained from NZART 

Headquarters. 

The internet is now frequently used for station linking. Be 

sure that unlicensed persons cannot get access to amateur 

radio spectrum.  

Mobile and portable operating:  

A separate licence/qualification and callsign is not 

necessary when ñoperating mobileò or when "operating 

portableò. Use your home station callsign and call/P or 

call/M when using CW and ñcallsign Mobile", or 

"callsign Portableò when away from home for short 

periods. 

No "secret codes":  

Amateur radio communication is NOT permitted to use 

"secret codes" at any time. Encryption of messages for the 

purpose of hiding the contents from other amateurs or 

listeners is illegal.  

The only exception is for licensees of repeaters and 

beacon stations and for satellites to carry out control 

functions. A different licence is issued for a repeater 

station and for a beacon station. Establishing a repeater or 

beacon station is not permitted under the amateur 

operator GURL.  

Some modes (for example packet radio and PSK31) do 

use forms of encryption, but these are legal because the 

decoding protocols are public knowledge and can in 

principle be decoded by other amateurs and by monitoring 

stations. The Q-Code is public knowledge!  

Overseas Travellers:  

Overseas radio amateurs visiting New Zealand:  

The amateur radio GURL provides for overseas radio 

amateurs who intend to visit and to operate their own 

station in New Zealand.  

In effect, the overseas visitor can walk down the 

gangplank and commence operating immediately upon 

arrival in New Zealand! A ñGeneral User Radio Licenceò 

(GURL) is a licence that provides for a given class of 

radio transmitter to be used without requiring a licence in 

the ownerôs own name.  

New Zealand radio amateurs travelling overseas:  

New Zealand amateur radio qualifications are widely 

recognised overseas. Reciprocal licensing agreements of 

several different kinds exist between New Zealand and 

many other countries.  

New Zealand operators who are contemplating travelling 

overseas are advised to contact the NZART Reciprocal 

Licensing Bureau, (an NZART Service), for up-to-date 

information about using the New Zealand qualification 

overseas or getting a local licence to operate in other 

countries. There are different systems in place in different 

countries. Check the website of the amateur radio society 

in the country you intend to visit.  

If a Morse code test pass is required for a reciprocal 

licence, a Morse test can be arranged with NZART Morse 

Testers.  

Overseas regulatory arrangements and requirements are 

always changing so an early enquiry before travel would 

be wise. The web pages of some overseas administrations 

may give the information and the procedures required. See 

also:  
www.arrl.org/field/regulations/io/recip-country.html  

 

Harmful Interference:  

Harmful interference is defined in the International 

Radio Regulations (See RR 1.169). In short, it is any 

radiation or emission which seriously obstructs or 

repeatedly interrupts other licensed radio services.    

Amateurs are not permitted to block or to interfere 

with another amateur's transmissions. Such deliberate 

transmissions would create "malicious" interference.  

Television interference (TVI) caused to neighbours is 

not necessarily harmful interference if the amateur is 

transmitting signals free from spurious radiation within 

the terms of the GURL.  

It is correct operating practice to check that the 

frequency you propose to use is free from other users 

BEFORE you transmit.  

Unwanted Emissions 

The GURL in para 5 (9) refers to unwanted emissions and 

to the ETSI document: ETS 300 684. (You can find this 

on-line using Google.) The important points are on page 6 

(where it refers to commercial "amateur" equipment only) 

and on page 23 (where levels of measurement are given).  

The GURL makes it clear that these measurements refer to 

all unwanted transmissions from amateur gear that fall 

outside amateur bands. This 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". Keep your 

transmissions "clean"!  

Transmitter Power Output:  

The GURL in para 5 (5) states that the radio frequency 

power output shall not exceed 500 watt peak envelope 

power (PEP). Note: It is independent of mode. The 

definition 1.157 is in the International Radio Regulations.  

The technicalities of this matter are considered in the 

Study Guide.  

At all times amateurs are required to use the minimum 

power and minimum bandwidth necessary to ensure 

satisfactory service. 

Frequency Bands:  

A knowledge of the frequency bands between 130 kHz 

and 440 MHz is required for the examination. (See the 

GURL, Appendix 3).  

The International Radio Regulations, in Article 2, say that 

as the unit of frequency is the hertz (Hz), frequencies shall 

be expressed:  

ï in kilohertz (kHz), up to and including 3 000 kHz; 
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ï in megahertz (MHz), above 3 MHz, up to and including 

3 000 MHz; 

ï in gigahertz (GHz), above 3 GHz, up to and including 3 

000 GHz. 

 

Note: Prefix: k = kilo (10
3
), M = mega (10

6
), G = giga 

(10
9
). 

Sharing of Bands:  

Amateurs share some frequency bands with stations of 

other services. Full details about "sharing" are provided in 

the International Radio Regulations but only the general 

principles of sharing and the bands involved are needed 

for this examination.  
 

 

Symbols 

Frequency range 

(lower limit exclusive, 

upper 

limit inclusive) 

Corresponding 

Metric 

Subdivision 

VLF 3 to 30 kHz Myriametric 

waves 

LF 30 to 300 kHz Kilometric 

waves 

MF 300 to 3 000 kHz Hectometric 

waves 

HF 3 to 30 MHz Decametric 

waves 

VHF 30 to 300 MHz Metric 

waves 

UHF 300 to 3 000 MHz Decimetric 

waves 

SHF 3 to 30 GHz Centimetric 

waves 

EHF 30 to 300 GHz Millimetric  

waves 

 300 to 3 000 GHz  Decimillimetric 

waves 

 

Several Notes to the Amateur Frequency Allocation Chart 

(in the GURL), explain the use by amateur stations of the 

"shared bands". See "Notes 2 and 3 to the Table". 

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 be 

respected so they can continue. The golden rule is: 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 avoid 

other stations. Other services are usually licensed for one 

assigned frequency only and cannot shift.  

Additional note regarding other bands:  

The band 50 to 54 MHz is shown in the International 

Radio Regulations as AMATEUR but in New Zealand, 

only 51 to 53 MHz is available. Because the band 50 - 51 

MHz is used by commercial television in New Zealand, a 

special permit is required and may be available from MED 

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 to 51 MHz television stations.)  

Two spot frequencies near 5 MHz are available for use by 

the Amateur Radio Emergency Communications 

(AREC). Special conditions apply.  

AREC is also permitted to use the band-edge 3.9 MHz 

upper-sideband.  

Access to the band 614 to 622 MHz for Amateur 

Television (ATV) repeater use and for other purposes has 

special conditions which are administered by FMTAG.  

 

 

 

 

 

 

 

 

 

 

 

 

Amateur Radio Bandplanning and Frequency 
Coordination:  

NZART has a group called FMTAG, the NZART 

Frequency Management and Technical Advisory Group, 

to coordinate the use of the amateur radio bands in New 

Zealand. This is a group of volunteers who advise the 

NZART Council on technical matters, including those 

relating to the frequencies to be used for VHF/UHF 

repeaters and beacons. 

The Amateur Frequency Allocation Chart (in the GURL) 

sets down the bands to which a radio amateur has access. 

How radio amateurs can best organise themselves for 

operations within those bands is notified by the 

Bandplans which are published from time-to-time usually 

in the NZART Annual CallBook and on the website.  

A letter from the New Zealand Administration, the NZ 

Post Office at that time and published in ñBreak-Inò, July 

1983, pages 2, 3 and 4, made radio amateurs responsible 

for their own band-planning. FMTAG is the NZART 

response for this national task.  

The bandplans are to ensure that your operations do not 

impose problems on other operators and that their 

operations do not impact on you. It is to the mutual 

advantage of all operators that the published bandplan 

provisions be respected.  

Please note that all radio amateurs have equal "rights" 

to use amateur radio frequencies. This means that 

courtesy in operating must prevail.  

It is correct operating practice to check that the 

frequency you propose to use is free from other users 

BEFORE you transmit.  

No radio licence confers upon its holder a monopoly on 

the use of any frequency or frequency band specified on 

Frequency Band   Metre Band   

130-190 kHz 1750 metres 

505-515 kHz 600 metres 

1800-1950 kHz 160 metres 

3.50-3.90 MHz 80 metres 

7.00-7.30 MHz 40 metres 

10.10-10.15 MHz 30 metres 

14.00-14.350 MHz 20 metres 

18.068-18.168 MHz 17 metres 

21.00-21.45 MHz 15 metres 

24.89-24.99 MHz 12 metres 

27.12 MHz 11 metres 

28.00-29.70 MHz 10 metres 

50.00-54.00 MHz 6 metres 

144.0-148.0 MHz 2 metres 

430-440 MHz 70 centimetres 
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the radio licence. (See the NZ Regulations, Schedule 1, 6, 

in Appendix 2.) 

Compliance and Enforcement: 

The enforcement for non-compliance with, or breaching 

of, any regulatory condition is a clear Ministry function. 

There is no question about this ï it is a statutory function. 

The Ministry has compliance auditing and 

enforcement arrangements in place, active and being 

strengthened.  

You have worked hard to obtain your AMATEUR 

RADIO QUALIFICATION. Value it. Don't put it at risk. 

Be aware of the conditions and restrictions under which 

you can operate. By world standards these are very liberal. 

Respect them at all times.  

Amateur Radio - a Summary:  

As already explained above, all radio amateurs must hold 

a General Amateur Operators Certificate of Competency 

to operate in the frequency bands and under the terms and 

conditions given in the General User Radio Licence for 

Amateur Radio Operators and must observe the 

requirements of the international and national regulations.  

Read, re-read, revise, look at the question lists! Keep up-

to-date with any changes too! 

_________________________________ 

Appendix 1 

Extracts from the International Radio Regulations 

 

The International Radio Regulations are important to all New Zealand radio licence holders. 

The local New Zealand Radiocommunications Regulations include the words:  

ñAny radio transmitter operating under a radio licence 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)ò. 

A complete copy of the International Radio Regulations, published by the International 

Telecommunication Union, can be obtained from the ITU at Geneva. It fills several volumes 

and is very expensive (CHF 252). It is also available on CD-ROM at a similar cost.  

The following regulations, extracted from the International Radio Regulations, are those of 

most importance to radio 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 International Telecommunication Union and in the Administrative Regulations. 

1.56 Amateur Service: A radiocommunication service for the purpose of self-training, 

intercommunication and technical investigations carried out by amateurs, that is, by duly 

authorized persons interested in radio technique solely with a personal aim and without pecuniary 

interest. 

1.57 Amateur-Satellite Service: A radiocommunication service using space stations on earth 

satellites for the same purposes as those of the amateur service. 

1.157  peak envelope power (of 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 combination of emissions, 

radiations, or inductions upon reception in a radiocommunication system, manifested by any 

performance degradation, misinterpretation, or loss of information which could be extracted in the 

absence of such unwanted energy. 

1.169 Harmful Interference: Interference which endangers the functioning of a radionavigation 

service or of other safety services or seriously degrades, obstructs, or repeatedly interrupts a 

radiocommunication service operating in accordance with these Regulations. 



 

The Wellington VHF Group Inc.   Syllabus: 1 to 7.  AMATEUR RADIO ï The RULES explained  

11 

ARTICLE 4  

Assignment and Use of Frequencies 

Section I. General Rules 

4.4 Administrations of the Members shall not assign to a station any frequency in derogation 

of either the Table of Frequency Allocations 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 accordance 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 radiocommunication at its disposal 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, 

administrations 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 the existence, publication or any use 

whatever, without authorization of information of any nature whatever obtained by the 

interception of the radiocommunications mentioned in No. 17.2.  

ARTICLE 18  

Licences 

18.1  (1) No transmitting station may be established or operated 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 (however, see Nos. 18.2, 18.8 and 18.11). 

ARTICLE 22  

Space Services 

Section I. Cessation of Emissions 

22.1  § 1. Space stations shall be fitted with devices to ensure immediate cessation of their 

radio emissions by telecommand, whenever such cessation is required under the provisions of 

these Regulations. 

ARTICLE   25 

Amateur services 

Section I  ï   Amateur service 

25.1            § 1       Radiocommunication between amateur stations of different countries shall be permitted unless 

the administration of one of the 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 the amateur service, as defined in 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, except for control signals exchanged between earth command stations and 

space stations in the amateur-satellite service.     (WRC-03) 

25.3                        2)   Amateur stations may be used for transmitting international communications 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. (WRC-03) 

25.4            (SUP - WRC-03) 

25.5            § 3       1)   Administrations shall 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 signals.     (WRC-03) 

25.6                        2)   Administrations shall verify the operational and 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 ITU-R M.1544.     (WRC-03) 

25.7            § 4       The maximum power of amateur stations shall be fixed by the administrations 

concerned.     (WRC-03) 

25.8            § 5       1)   All pertinent Articles and provisions of the Constitution, the Convention and of these 

Regulations shall apply to amateur stations.     (WRC-03) 

25.9                        2)   During the course of their transmissions, amateur stations shall transmit their call sign at 

short intervals. 

25.9A         § 5A     Administrations are encouraged to take the necessary steps to allow amateur stations to prepare 

for and meet communication needs in support of disaster relief.     (WRC-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 another administration to operate an amateur station while that person is 

temporarily in its territory, subject to such conditions or restrictions it may impose.     (WRC-03) 

Section II  ï  Amateur-satellite service 

25.10          § 6       The provisions of Section I of this Article shall apply equally, as appropriate, to the amateur-

satellite service. 

25.11          § 7       Administrations authorizing space stations in the amateur-satellite service shall ensure that 

sufficient earth command stations are established before launch to ensure that any harmful interference caused by 

emissions from a station in the amateur-satellite service can be terminated immediately (see No. 22.1).     (WRC-03) 

 

 

_______________________________________________________ 
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Appendix 2 
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 complianceð 

 
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 complianceð 
 

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 provisionsð 

 
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 addressð 

 
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 directionsð 

 
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 conferredð 

 
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 certificateð 

 
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.  Callsignsð 
 

 (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 beð 

(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 inspectionð 

 
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 placeð 

 
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 ñThe New Zealand Gazetteò, 15/6/2006: [The text is spread out here to make it more 

ñreadableò!] 

Radiocommunications Regulations (General User Radio Licence for Amateur 
Radio Operators) Notice 2010 

Pursuant to Regulation 9 of the Radiocommunications 

Regulations 2001 (ñthe Regulationsò) made under section 

116 (1) (b) of the Radiocommunications Act 1989, and 

acting under delegated authority from the Chief Executive, 

I give the following notice. 

Notice 

1. Short title and commencement 

1. This notice is the Radiocommunications 

Regulations (General User Radio Licence for 

Amateur Radio Operators) Notice 2010.  

2. This notice comes into force on 1 March 2010.  

2. General user radio licence 

A general user radio licence is granted for the transmission 

of radio waves by amateur radio amateur operators in New 

Zealand, for the purpose of communications in the amateur 

radio service in accordance with the terms, conditions and 

restrictions of this notice. 

3. Terms, conditions and restrictions 

applying to New Zealand amateur 

operators 

1. Persons who hold a General Amateur Operators 

Certificate of Competency and a callsign issued 

pursuant to the Regulations, may operate an 

amateur radio station in New Zealand.  

2. The callsign prefix of ñZLò may be substituted 

with the prefix ñZMò by the callsign holder for the 

period of, and participation in, a recognised 

contest, or as the control station for special event 

communications.  

3. Operation on amateur bands between 5 MHz and 

25 MHz is not permitted unless a person has held 

a General Amateur Operators Certificate of 

Competency for three months and logged 50 

contacts during this period. The person must keep 

the logbook record for at least one year and, 

during this period, produce it at the request of the 

chief executive.  

4. Terms, conditions and restrictions 

applying to visiting amateur operators 

1. Persons visiting New Zealand who hold a current 

amateur certificate of competency, authorisation 

or licence issued by another administration, may 

operate an amateur station in New Zealand for a 

period not exceeding 90 days, provided the 

certificate, authorisation or licence meets the 

requirements of Recommendation ITU-R M.1544 

or CEPT T/R 61-01 or CEPT T/R 61-02 and is 

produced at the request of the chief executive.  

2. The call sign must be the national callsign 

allocated by the other administration to that 

person, in conjunction with the prefix or suffix 

ñZLò which is to be separated from the national 

callsign by the character ñ/ò (telegraphy), or the 

word ñstrokeò (telephony).  

5. Terms, conditions and restrictions 

applying to all amateur operators 

1. The use of callsigns, including temporary and club 

callsigns, must be in accordance with publication 

PIB 46 ñRadio Operator Certificate and Callsign 

Rulesò published at http://www.rsm.govt.nz/.  

2. Callsigns must be transmitted at least once every 

15 minutes during communications.  

3. National and international communication is 

permitted only between amateur stations, and is 

limited to matters of a personal nature, or for the 

purpose of self-training, intercommunication and 

radio technology investigation, solely with a 

personal aim and without pecuniary interest. The 

passing of brief messages of a personal nature on 

behalf of other persons is also permitted, provided 

no fees or other consideration is requested or 

accepted.  

4. Communications must not be encoded for the 

purpose of obscuring their meaning, except for 

control signals by the operators of remotely 

controlled amateur stations.  

5. Except as provided to the contrary in this notice, 

transmitter power output must not exceed 500 

watts peak envelope power (pX), as defined in 

ITU Radio Regulation 1.157.  

6. Aamateur stations must, as far as is compatible 

with practical considerations, comply with the 

latest ITU-R recommendations to the extent 

applicable to the amateur service.  

7. In accordance with Article 25 of the International 

Radio Regulations, amateur operators are 

encouraged to prepare for, and meet the 

communication needs of, national and 

international disaster relief.  

8. Amateur beacons, repeaters and fixed links may 

not be established pursuant to this licence.  

http://www.rsm.govt.nz/legislation/index.html
http://www.rsm.govt.nz/legislation/index.html
http://www.rsm.govt.nz/
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9. Unwanted emissions outside the frequency bands 

specified in this schedule must comply with the 

requirements of technical standard ETSI 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 

notice.  

6. Consequential revocation of licences 

1. The Radiocommunication Regulations (General 

User Radio Licence for Amateur Radio Operators) 

Notice 2006 dated the 13th day of June 2006 and 

published in the New Zealand Gazette, 15 June 

2006, No. 57, page 1422, is revoked.  

Schedule 

Frequency Range Notes 

130 to 190 kHz 2, 4, 6 

505 to 515 kHz 2, 4, 7, 8 

1.80 to 1.95 MHz 2 

3.50 to 3.90 MHz 2 

7.00 to 7.10 MHz 1 

7.10 to 7.30 MHz 2 

10.10 t 10.15 MHz 2 

14.00 to 14.35 MHz 1 

18.068 to 18.168 MHz 1 

21.00 to 21.45 MHz 1 

24.89 to 24.99 MHz 1 

26.95 to 27.30 MHz 2, 3, 5, 6 

28.00 to 29.70 MHz 1 

51.00 to 53.00 MHz 2 

144.00 to 146.00 MHz 1 

146.00 to 148.00 MHz 2 

430.00 to 440.00 MHz 1, 2, 3 

921.00 to 929.00 MHz 3, 7 

1.24 to 1.30 GHz 1, 2 

2.396 to 2.45 GHz 1, 3 

3.30 to 3.41 GHz 1, 2 

5.65 to 5.85 GHz 1, 3 

10.00 to 10.50 GHz 1, 2 

24.00 to 24.05 GHz 1, 3 

24.05 to 24.25 GHZ 3 

47.00 to 47.20 GHz 1 

75.50 to 76.00 GHz 1, 2 

76.00 to 81.00 GHz 1, 2 

122.25 to 123.00 GHz 2, 3 

134.00 to 136.00 GHz 1 

136.00 to 141.00 GHz 1,2 

241.00 to 248.00 GHz 1, 2, 3 

248.00 to 250.00 GHz 1 

275.00 to 1000 GHz 2, 4 

Notes to Schedule 

1. The following ranges of frequencies may also be 

used for amateur satellite communications: 

7.00 to 7.10 MHz 3.40 to 3.41 GHz 

14.00 to 14.25 MHz 5.65 to 5.67 GHz (a) 

18.068 to 18.168 MHz 5.83 to 5.85 GHz (b) 

21.00 to 21.45 MHz 10.45 to 10.50 GHz 

24.89 to 24.99 MHz 24.00 to 24.05 GHz 

28.00 to 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 

2.40 to 2.45 GHz   

a. Limited to the earth-to-space direction.  

b. Limited to the space-to-earth direction.  

2. These frequencies are, or may be, allocated for use 

by other services. Amateur operators must accept 

interference from, and must not cause interference 

to, such other services.  

3. 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 these frequency ranges.  

4. Allocated to the amateur service on a temporary 

basis until further notice.  

5. Telecommand and telemetry operation only.  

6. Radiated power must not exceed 5 watts e.i.r.p.  

7. Radiated power must not exceed 25 watts e.i.r.p.  

Dated at Wellington this 9th day of February 2010. 

SANJAI RAJ, Group Manager, Radio Spectrum 

Management, Business Services, Ministry of Economic 

Development. 

Explanatory Note 

This note is not part of the notice, but is intended to 

indicate its general effect.  

This notice:  

1. Prescribes that, pursuant to Regulations made 

under the Radiocommunications Act 1989, a 

general user radio licence is granted for the 

transmission of radio waves by amateur radio 

operators in New Zealand, for the purpose of 

communications in the amateur radio service, in 

accordance with the terms, conditions, and 

restrictions of this notice. This notice comes into 

force on 1 March 2010. 

2. 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 is: a 

radiocommunication service for the purpose of self-

training, intercommunication and technical 

investigation  

The International Radio Regulations are developed by 

the: International Telecommunication Union  

International radio regulatory matters are coordinated in 

New Zealand by the: Ministry of Economic 

Development  

The Amateur Service in New Zealand is administered 

through this prime document: the New Zealand 

Radiocommunications Regulations  

The world is divided into radio regulatory regions each 

with different radio spectrum allocations. New Zealand 

is in:  Region 3 

The Amateur Service in New Zealand is administered 

by: the Ministry of Economic Development Radio 

Spectrum Management Group  

An Amateur Station is quoted in the regulations as a 

station: in the Amateur Service  

An authorised officer from the Ministry of Economic 

Development can inspect a General Amateur Operatorôs 

Certificate of Competency: at any time  

The basic regulations for the control of the Amateur 

Service are to be found in the: International Radio 

Regulations from the ITU  

The holder of a General Amateur Operator Certificate of 

Competency may: transmit in bands allocated to the 

Amateur Service 

As the holder of a New Zealand General Amateur 

Operator Certificate of Competency you may operate: 

anywhere in New Zealand and in any other country that 

recognises the Certificate  

As the holder of a General Amateur Operator Certificate 

of Competency you may operate transmitters in your 

station: any number at one time  

The following document must be kept at your amateur 

station: your General Amateur Operator Certificate of 

Competency  

An Amateur Station is a station that is: operated by the 

holder of a General Amateur Operator Certificate of 

Competency on the amateur radio bands  

The qualified operator of an amateur radio station is 

absent overseas so the home station may be used by: 

any person with an appropriate General Amateur 

Operator Certificate of Competency  

Regardless of the mode of transmission used, all 

amateur stations must be equipped with: a reliable 

means for determining the operating radio frequency  

Unidentified signals may be transmitted by an amateur 

station: never, such transmissions are not permitted  

For short periods you may operate your amateur radio 

station somewhere in New Zealand away from the 

location entered in the administration's database: 

whenever you want to  

To operate an amateur station in a motor vehicle, you 

must: hold a current General Amateur Operator 

Certificate of Competency  

An application for the New Zealand General Amateur 

Operator Certificate of Competency and a callsign must 

be supported with an appropriate examination pass 

qualification and may be made by: a citizen or a 

permanent resident of New Zealand, or others after an 

approval from a referral to the RSM Licensing Manager  

An amateur radio operator must have current mail and 

email addresses so the Ministry of Economic 

Development: can send mail to the operator  

The person responsible for its proper operation if you 

transmit from another amateur's station, is: you, the 

operator  

As a station operator you must: be responsible for the 

proper operation of the station in accordance with the 

Radiocommunications Regulations  

A qualified operator is required at an amateur station: 

whenever the station is used for transmitting  

A log-book for recording information about stations 

worked: is recommended for all amateur radio 

operators  

Persons in your family who are unqualified cannot 

transmit using your amateur station if they are alone 

with your equipment because they must: hold a General 

Amateur Operator Certificate of Competency before 

they are allowed to be operators  

Repeater equipment and frequencies used by New 

Zealand radio amateurs are co-ordinated by: the NZART 

Frequency Management and Technical Advisory Group.  

Anyone may be permitted by the qualified operator of 

an amateur radio station to: pass brief comments of a 

personal nature provided no fees or other 

considerations are requested or accepted  

A person may hold a General Amateur Operator 

Certificate of Competency after reaching this minimum 

age: there is no age limit  

If your signal is strong and perfectly readable at a 

distant station, you should: reduce your transmitter 

power output to the minimum needed to maintain 

contact  
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You must surrender your General Amateur Operator 

Certificate of Competency at the age of: there is no age 

limit  

Power output quoted as peak envelope power (PEP) is 

the: average power output at the crest of the modulating 

cycle  

The maximum output power permitted from an amateur 

station is: specified in the amateur radio General User 

Radio Licence  

The transmitter output power for amateur stations at all 

times is: the minimum power necessary to communicate 

and within the terms of the amateur radio GURL  

Your amateur station is identified by transmitting your: 

callsign  

This callsign could be that allocated to a New Zealand 

amateur radio operator: ZL2KMJ  

The callsigns of New Zealand amateur radio stations: 

are listed in the administration's database  

These letters are in general use for the first letters in 

New Zealand amateur radio callsigns: ZL  

In New Zealand amateur radio callsigns, the figures 

normally used are: a single digit, 1 to 4  

Before a relinquished callsign is reissued, it is normally 

kept for: 1 year  

A person in distress: may use any available 

communication means to attract attention  

A General Amateur Operator Certificate of Competency 

authorises the use of: amateur radio transmitting 

apparatus only  

Callsigns and General Amateur Operator Certificates of 

Competency are issued pursuant to the Regulations by 

the: Ministry of Economic Development Approved 

Radio Examiners  

A printed copy of your General Amateur Operator 

Certificate of Competency can be replaced by: 

downloading and printing yours from the official 

database (or have an Approved Radio Examiner do this 

for you)  

Permanent changes to postal and email addresses to 

update the official database records must be advised by 

a General Amateur Operator Certificate of Competency 

holder within: seven days  

A General Amateur Operator Certificate of 

Competency: contains the unique callsign(s) to be used 

by that operator  

A General Amateur Operator Certificate of Competency 

is usually issued for: life  

A licence that authorises a given class of radio 

transmitter to be used without requiring a licence in the 

ownerôs own name is known as: a general user radio 

licence  

A General Amateur Operator Certificate of Competency 

holder may permit any other person to: pass brief 

messages of a personal nature provided no fees or other 

consideration are requested or accepted  

Messages on behalf of third parties to international 

destinations may be transmitted by an amateur station 

only if: such communications have been authorised by 

the countries concerned  

The expression "amateur third party communications" 

refers to: messages to or on behalf of non-licensed 

people or organisations  

The Morse code signal SOS indicates that a station is: in 

grave and imminent danger and requires immediate 

assistance  

If you receive distress traffic and are unable to render 

assistance, you should: maintain watch until you are 

certain that assistance is forthcoming  

A secret code for the transmission of messages by the 

operator of an amateur station is: not permitted except 

for control signals by the licensees of remote beacon or 

repeater stations  

The following messages from an amateur station are 

expressly forbidden: secret cipher  

The expression "harmful interference" means: 

interference which obstructs or repeatedly interrupts 

radiocommunication services  

If interference to the reception of radiocommunications 

is caused by the operation of an amateur station, the 

station operator: must immediately comply with any 

action required by the MED to prevent the interference  

Amateur radio operators may knowingly interfere with 

other radio communications or signals: never  

After gaining a General Amateur Operator Certificate of 

Competency you are permitted to: first operate for three 

months on amateur radio bands below 5 MHz and 

above 25 MHz to log fifty or more contacts  

The Morse code is permitted for use by: any amateur 

radio operator  

A New Zealand amateur radio operator may 

communicate with: other amateur stations world-wide  

A New Zealand amateur radio operator may: train for 

and support disaster relief activities  

The holder of a General Amateur Operator Certificate of 

Competency may: establish and operate an earth 

station in the amateur satellite service  

A station using the callsign ñVK3XYZ stroke ZLò is 

heard on your local VHF repeater. This is: the station of 

an overseas visitor  

The abbreviation ñHFò refers to radio spectrum 

between: 3 MHz and 30 MHz  



 

The Wellington VHF Group Inc.   Syllabus: 1 to 7.  AMATEUR RADIO ï The RULES explained  

19 

Bandplans showing the transmission modes in New 

Zealand amateur radio bands are published for the 

mutual respect and advantage of all operators: to ensure 

that your operations do not impose problems on other 

operators and that their operations do not impact on 

you  

The abbreviation ñVHFò refers to radio spectrum 

between: 30 MHz and 300 MHz  

An amateur radio operator must be able to: verify that 

transmissions are within an authorised frequency band  

An amateur station may be shut down at any time by: a 

demand from an authorised official of the Ministry of 

Economic Development  

A General Amateur Operator Certificate of 

Competency: does not confer on its holder a monopoly 

on the use of any frequency or band  

 

Appendix 5 

The Q-code 
 

Newcomers are often puzzled by the codes and 

abbreviations used by radio amateurs. These codes 

make international communication possible with 

operators with little knowledge of English and they 

save time conveying information.  

A full listing of the Q-code can be found in 

publications of the International Telecommunication 

Union.   

Listed below are some Q-codes used by radio 

amateurs.   

The Q-code is used in two ways - with or without a 

question mark. Sometimes a figure, a callsign or a 

frequency, accompanies a Q-code. For example:  

QTC?    (note the question mark) means 

"have you any messages for me?".  

QTC3    means "I have three messages for 

you".  

 

QRG Will you tell me my exact frequency (or that 

of ...)? Your exact frequency (or that of ...) 

is ... kHz 

QRH Does my frequency vary? Your frequency 

varies 

QRK How intelligible are my transmissions? The 

intelligibility of your signal is é (1, 2, 3, 4, 

5) 

QRL Are you busy? I am busy 

QRM Am I being interfered with? You are being 

interfered with 

QRN Are you troubled by static? I am troubled by 

static 

QRO Shall I increase power? Increase power 

QRP Shall I decrease power? Decrease power  

QRQ Shall I send faster? Send faster 

QRS Shall I send slower? Send slower 

QRT Shall I stop sending? Stop sending 

QRW Shall I inform ... that you are calling him on 

... kHz? Please inform ... that I am calling on 

... kHz 

QRX When will you call me again? I will call you 

again at ... hours. 

QRZ Who is calling me? You are being called by 

... 

QSA What is my signal strength? Your signal 

strength is ... (1, 2, 3, 4, 5) 

QSB Are my signals fading? Your signals are 

fading 

QSK Can you hear me between your signals? I 

can hear you between my signals 

QSL Please acknowledge receipt. I acknowledge 

receipt  

QSO Can you communicate with ... ? I can 

communicate with ... 

QSY Shall I shift frequency? Shift frequency to ... 

QTC Have you any messages? I have ... messages 

for you 

QTH What is your location? My location is ...  

_________________ 
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Appendix 6 

Callsigns 
 

Identification of Stations 

The Identification of Stations is in Article 19 of the International Radio Regulations. It includes the Formation of 

callsigns for stations and the formats to be followed for the callsigns used in different radio services.  

 
The International Call Sign Series  

The ñTable of allocation of international call sign seriesò is in Appendix 42 of the International Radio 

Regulations.  

The information contained in the Appendix is simply a compilation of what has been supplied to the ITU by 

administrations.  

The callsign series ZKA -ZMZ  is allocated to New Zealand.  

So, the ZK, ZL and ZM prefixes are allocated to the New Zealand administration. What use is made of these 

prefixes is an internal matter for 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 geographic location 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 background knowledge and for reference. Browse through it to determine its 

content before trying to find the answers to the examination questions!  

Section 1:    

This is an extract from the International Radio Regulations, from Article 2: 

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

ï in kilohertz (kHz), up to and including 3 000 kHz; 

ï in megahertz (MHz), above 3 MHz, up to and including 3 000 MHz; 

ï in gigahertz (GHz), above 3 GHz, up to and including 3 000 GHz. 

This Table is extracted from the same ITU Article:  

  

Symbols 

Frequency range 

(lower limit exclusive, upper 

limit inclusive) 

     

CorrespondingMetricSubdivision 

VLF 3 to 30 kHz Myriametric waves 

LF 30 to 300 kHz Kilometric waves 

MF 300 to 3 000 kHz Hectometric waves 

HF 3 to 30 MHz Decametric waves 

VHF 30 to 300 MHz Metric waves 

UHF 300 to 3 000 MHz Decimetric waves 

SHF 3 to 30 GHz Centimetric waves 

EHF 30 to 300 GHz Millimetric  waves 

   300 to 3 000 GHz Decimillimetric waves 

Note:   Prefix:   k = kilo (10
3
),   M = mega (10

6
),   G = giga (10

9
).   

 

The Radio Frequency Spectrum 

  

This diagram shows Frequency on the horizontal axis, shown "from DC to Daylight". Note that the 

horizontal axis is logarithmic (each horizontal interval increases by x10). The range subdivides into 

"audio frequencies", "radio frequencies", and "light".  

  

 
  

Frequency "bands" are allocated to the Amateur Service at points throughout the spectrum, shown in 

this diagram as AR.   
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The next Sections following below identify the frequency limits and other licensing details for the bands 

available to New Zealand's radio amateurs.  

Section 2: Table of Frequency Bands and Metres equivalent: 

Frequency Band   Metre Band   

130-190 kHz 1750 metres 

505-515 kHz 600 metres 

1800-1950 kHz 160 metres 

3.50-3.90 MHz 80 metres 

7.00-7.30 MHz 40 metres 

10.10-10.15 MHz 30 metres 

14.00-14.350 MHz 20 metres 

18.068-18.168 MHz 17 metres 

21.00-21.45 MHz 15 metres 

24.89-24.99 MHz 12 metres 

27.12 MHz 11 metres 

28.00-29.70 MHz 10 metres 

50.00-54.00 MHz 6 metres 

144.0-148.0 MHz 2 metres 

430-440 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 current Amateur Frequency Allocation Chart with its Notes is in the General User Radio 

Licence (GURL) for Amateur Radio Operators ï on its page 2.  

PRINT IT AND STUDY IT! (It is included in the ñRegulationsò booklet with this Study Guide ï 

see Syllabus 1 to 7.) 

  

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

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

  

The MED will give sympathetic consideration to requests for reasoned variation to individual 

amateur licence conditions. An example is the temporary use of higher-power for moon-bounce 

experiments.  

Operating conditions and courtesies:   

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

means that courtesy in operating must prevail.     Refer to:  GENERAL  OPERATING  

PROCEDURES  

SECTION 4: Sharing of bands:  
 

Amateurs share some frequency bands with stations of other services. Full details about "sharing" are provided in 

the International Radio Regulations but only the general principles of sharing and the bands involved are needed for 

this examination.  

  

Several Notes to the Amateur Frequency Allocation Chart  in the General User Radio Licence (GURL) for Amateur 

Radio Operators - on page 2 - explain the use by amateur stations of the "shared bands". See 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 be respected so they can continue. The golden rule is: 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 avoid 

other stations. Other services are usually licensed for one assigned frequency only.  

  

__________________________ 

http://www.rsm.govt.nz/cms
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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 are comprised 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 copper 

wire. This movement is called electron flow. 

The word matter includes copper, wood, water, 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 by itself, we 

have a molecule of water. The molecule contains atoms.  

An atom is divisible and can be divided into electrons and nuclei. The component of interest to us is the electron.  Electrons 

are the smallest and lightest parts of the atom and are said to be negatively charged. Another part, protons, are about 1800 

times the mass of electrons and are positively charged.   

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 brought to close proximity, 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 flow - electricity. To move an electron,  a negatively charged field will "push 

it", a positively charged field will "pull it". Or there can be combined efforts!   

Ionisation 

When an atom loses an electron, it lacks a negative charge. It is then a called a positive ion. In most metals the atoms are 

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 are: Silver; Copper; Aluminium; Gold. (Metals)   

If the free electrons are numerous and loosely held 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 are: Glass; Mica; Rubber, Plastics.  

Semiconductors  

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

and germanium.   

Electromotive Force  

To produce a drift of electrons or electric current along a wire, there must be a difference in "pressure" or potential between 

the two ends of the wire. This potential difference can 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 negative terminal of 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 force or pressure 

due to a potential difference is termed e.m.f. - electromotive force.  

An emf also exists between two objects whenever there is a difference in the number of free electrons per unit volume of the 

object. If the two objects are both negative, and they are connected 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 emf  is expressed in a unit called the volt. A volt can be defined as the pressure required to force a current of one 

ampere through a resistance of one ohm.   

Consider the following example: Consider the water pressure (volts) required to pass water (current) through a copper pipe 

of a certain 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 on. That's not 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, conduction, etc.). It should be noted that friction is 

the analogue of resistance.)  

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

 

Remember: Cover up the value you seek - and the formula to get 

it using the two remaining values is given!   

Electromotive force can be generated in many different ways.   

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

storage about 2.1V   

o Electromagnetic (generators)  

o Thermal (heating junctions of dis-similar metals)  

o Piezoelectric (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 appliances. It is likely to consist of a zinc can (the negative terminal), a carbon centre rod 

with a copper cap (positive terminal), and a black, damp, paste-like substance called an electrolyte between them.   

These materials were 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 backward 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 deficient outer orbits 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 time.  There must be a complete circuit for a current to flow.  

Alkaline cells 1.5V, have more energy capacity.  The mercury cell 1.34V is long working. The nickel-cadmium or Nicad 

1.25V is rechargeable. Other rechargeable cell types are used in cellphones, digital cameras and the like.  

Cells - Secondary cells (Rechargeable)  

The nickel-cadmium or Nicad 1.25V is rechargeable. Other rechargeable cell types are used in cellphones, digital cameras 

and the like.  

The lead-acid 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. A reading 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 charged PROVIDED  that care is taken to let escaping gases free themselves and 

PROVIDED  the electrolyte temperature is below 50
o
C or 125

o
F.  

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 flow - this is why jumper leads use thick wires. This battery was not designed for 

continuous use - such 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 emergency stand-by power.  

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 series - so we get 6 x 2.1V = 

12.6V. In actual practice we can get a higher voltage when a vehicle battery is under charge.  

If we put two batteries or cells in parallel, we get the same voltage, but twice the capacity. Twice the energy is available to 

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 you know the relationships between and can convert  (say) millivolt to volt, volt to kilovolt, 

microamp to a milliamp, megohms to ohms, kilo-ohms to ohms, watt to milliwatt, etc. The following 

table will be useful.   

 

Multiples and sub-multiples of electrical units  
 

 

 

 

 

 

 

 

 

  

 

 
The ohm is the unit for resistance. It is also the unit for impedance. What is impedance?  

   

The capacitor and the inductor each exhibit reactance. See: Capacitors and Inductors. 

   

As a first concept, reactance can be broadly viewed as an AC "resistance equivalent" for capacitors and 

for inductors. This is only satisfactory as a first approach to the subject.   

   

Impedance is a combination of both resistance and reactance. The term "impedance" implies that RF 

circuitry is involved, with either discrete components or with transmission lines.  

   

______________________________________

Symbol  Unit 

Name  

Multiply/Di vide by  Scientific 

Notation  

T tera x 1 000 000 000 000 10
12

 

G giga x 1 000 000 000 10
9

 

M mega x 1 000 000 10
6

 

k kilo x 1 000 10
3

 

m milli  ÷ 1 000 10
ï3

 

µ micro ÷ 1 000 000 10
ï6

 

n nano ÷ 1 000 000 000 10
ï9

 

p pico ÷ 1 000 000 000 000 10
ï12

 

f femto ÷ 1 000 000 000 000 000 10
ï15

 

a alto ÷ 1 000 000 000 000 000 000 10
ï18
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Resistors and the Colour Code 

Resistors   

These are components made to provide resistance in circuits. They are made in various resistance 

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 resistors, at B 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.   

Resistor power ratings:   

Fixed resistors are available in a wide range of power ratings. 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 seriously affected. To 

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 carbon and the more modern film resistors; above these levels, wire-

wound or other types are used.  

The ñResistor Colour Codeò:   

Resistor values are usually marked on the resistor itself by using colour rings or bands. Because the range of resistor 

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

every possible value, so resistors are produced in ñpreferred valuesò. Resistors are marked with their preferred value, 

and a tolerance value, which indicates the spread of the resistance value you can expect.   

 

  1st ring = 2nd ring = 3rd ring = 4th ring = 

Colour  1st digit 2nd digit multiplier tolerance 

  of value of value   % 

None       ±20% 

Silver      10-2 ɋ = 0.01 ɋ ±10% 

Gold      10-1 ɋ = 0.1 ɋ ±5% 

Black 0 0  100 ɋ = 1.0 ɋ   

Brown 1 1  101 ɋ = 10 ɋ ±1% 

Red 2 2  102 ɋ = 100 ɋ ±2% 

Orange 3 3  103 ɋ = 1 kɋ   

Yellow 4 4  104 ɋ = 10 kɋ   

Green 5 5  105 ɋ = 100 kɋ ±0.5% 

Blue 6 6  106 ɋ = 1 Mɋ   

Violet 7 7  107 ɋ = 10 Mɋ   

Grey 8 8  108 ɋ = 100 Mɋ   

White 9 9  109 ɋ = 1000 Mɋ   

The Table shows the colour code and the tolerance colours for the four ring colour code  

Sometimes the value of a resistor is printed on the component itself.  The letters "R", ñMò and "k" have a purpose.  

Note in this next table how these letters act as the decimal indicator:  
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Marking   Resistance value 

 R05 0.05 ohms ohms 

1R5 1.5  

15R 15 ohms 

1k5 1500 ohms or 1.5 kilohms 

15k 15 000 ohms or 15 kilohms 

1M5 1.5 megohms 

 

Some equipment requires 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 with Black (which is Zero). The sequence is:  

     0         1         2        3            4            5         6        7          8              9 

Black, Brown, Red, Orange, Yellow, Green. Blue, Violet, Grey, and White.  

 Just remember the ditty:     

"Better  Be  Right  Or  Your  Great  Big  Venture  Goes  West" 

Remember that it starts at Zero which is Black! 

 

An example:  

This figure shows a fixed resistor with its colour rings. To read the colour code, put the tolerance ring to your right and 

read off the 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 value. The fourth ring indicates the ñtoleranceò.  

For example, the resistor coded brown, red, yellow, silver is a 12 x 10
4
 
or 120 

kilohm resistor, and the tolerance of 10% indicates that the value could lie 

between 108 kilohms and 132 kilohms.  

Gold and silver are also used as multipliers. Gold = multiply the value by l0
ï1

 

(multiply the value by 0.1) and silver = multiply the value by 10
ï2

 
(multiply 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, 15, 18, 22, 27, 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, 43, 47, 51, 56, 62, 68, 

75, 82, 91, and multiples of each value.   

For 1% resistors the ñPreferred values of Resistorò are 100, 102, 105, 107, 110, 113, 115, 118, 121, 124, 127, 130, 133, 

137, 140, 143, 147, 150, 154, 158, 162, 165, 169, 174, 178, 182, 187, 191, 196, 200, 205, 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, 649, 665, 681, 698, 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 that current flowing in a circuit   

is directly proportional to the electromotive force (voltage) applied and   

inversely proportional 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 for volt can be either V or E. For consistency we will use E (remember Electromotive force).  Resistance is 

abbreviated to R and ohms are written using the Greek letter W (omega).  

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

The emf  is expressed in a unit called the volt. A volt can be defined as the pressure required to force a current of one 

ampere through a resistance of one ohm.   

Consider 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 pressure required will vary and the 

volume delivered will vary, or both.   

This is Ohm's law, where E = Volts; I = current in 

amperes and R = resistance in ohms. By 

transposing we get the following:   

 

Remember: Cover up the value you seek - and 

the formula to get it using 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, I or R, find the third! First find the expression that suits your problem from the values you are given.  

Remember that you must use the units: Volt, Ohm, and Ampere. If you are given millivolt, milliamp, or kohm (kilo-

ohm), be careful with your arithmetic! Convert to the basic values, Volt, Amp or Ohm  before you start!  

Power  

The  unit of electrical power is the watt (W).   

Power is the rate of doing work. (Remember: With higher power you can cook something faster!)   

Power is dissipated in a resistance - the resistor warms up!   
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We can develop a diagram to include "power calculations" too, see this circular 

diagram. It looks very complicated but it is just a lot of variations of the same 

thing! You know many of these already - they appear in our triangle.  

There are four sectors, for W, I , E and R. Look at the three relationships from the 

triangle and locate them on this diagram.  

The relationship between the watt W, volts E, and amperes I , is:    

W = E times I    or   E . I = W.  Find this on the diagram.   

E . I = W  is perhaps the most fundamental of all the "power" relationships.  

To involve resistance (R) in a circuit, we can find a substitute for E or for I .   

For example, W = E . I. But perhaps we don't know E but we know both I and R.   

So we can substitute E = I . R. for E in this W = E . I .expression.  

This now means that W = I . R . I.   

This can also be written as W = I
2
R. (Say it out loud! Watt = I "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" Ohm's Law formula (I = E/R) can be used to make substitution in the basic formula W = E x I 

in many different ways!   

Check another case too - for when you don't know I, but you know both E and R and wish to find W!  

 

Power is dissipated in a resistor  

Remember : 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 sub-multiples of units 

 

Symbol  Unit Name  Multiply/Divide by  Scientific 

 Notation  

T tera x 1 000 000 000 000 10
12

 

G giga x 1 000 000 000 10
9

 

M mega x 1 000 000 10
6

 

k kilo x 1 000 10
3

 

m milli  ÷ 1 000 10
ï3

 

µ micro ÷ 1 000 000 10
ï6

 

n nano ÷ 1 000 000 000 10
ï9

 

p pico ÷ 1 000 000 000 000 10
ï12

 

f femto ÷ 1 000 000 000 000 000 10
ï15

 

a alto ÷ 1 000 000 000 000 000 000 10
ï18
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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 law:   

Where E = Volts; I = current in amperes and R = resistance in ohms. By transposing we get the following:   

 

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 resistance - just 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: Remember - you ADD their values up!   

Resistors in parallel  

This is a little more 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 resistor will carry the LARGER current. The 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 value in parallel will be ONE-THIRD 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 sometimes be solved without any great skill being required!  

Look at this example:  

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

replaced with one (30 + 15) = 45 ohm resistor. Happy so far? 

The 20 and 60 ohm resistors in parallel can be solved with a 

li ttle thinking!  

The 20-ohm could be replaced with three 60-ohm resistors in 

parallel. So a 20-ohm and 60-ohm in parallel could be replaced with FOUR 60-ohm resistors in parallel.  

So the resulting resistance of the two parallel resistors is one-quarter of 60, i.e. = 15 ohm.  

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

It is important in all network problems to be able to "visualise" the circuit. Sketch the circuit, then place the value of 

each component alongside 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 for the 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 power-supply substitutes for batteries, exhibit "internal resistance". It is this characteristic that causes the 

voltage from any source to "droop" or "sag", that is, drop or decrease when a heavy load 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 

transmitter are similar. Both are AC (alternating current) 

signals, but they differ in frequency. We will first consider how 

a simple generator / dynamo / alternator works to produce 

electricity  and then consider typical radio frequency signals.  

Consider a coil of fine insulated wire wound on a plastic or 

cardboard tube. Connect the ends of the coil to a DC 

milliammeter or galvanometer (for demonstration purposes!). A 

sensitive center-zero meter is preferred for this demonstration. 

Now take a bar magnet and thrust the magnet into the coil. The 

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 current is induced in the coil. The moving magnetic field, from the 

moving magnet, cuts the conductors forming the coil.  

We can, by this simple experiment, deduce that the amplitude of the current depends on several things:  

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 converting mechanical energy (the movement of the magnet) into electrical 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 the coil 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 the magnet to do 

the moving.  

The magnet need not be a permanent magnet - it could be another coil, wound over the top. We could feed an AC 

signal to one coil, 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 other, the coupling is by 

the sweeping magnetic field. Nothing needs to make any physical movement. So we have a transformer.  

 

Frequency 

Placing the magnet into the coil and 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 (Hz).  So when you see '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 later). It is 230v 50 Hz.   

The AC supply causes 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 household power 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 the left shows it as a single-turn loop. The ends of the coil are brought out to a 

meter - the same type of meter as before. In practice, slip-rings would be used to prevent 

the wires tangling with rotation - but this complication has not been 

shown here.  

Please note that this meter has red and blue scale sections to show the 

change in polarity of the current as the coil rotates.  

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

(in practice by water power or by diesel power etc.). Of course the design of a real 

generator is quite different - we are looking at the simple principles.  

We are considering the current induced in each of the longer elements of the loop only - 

so please ignore any complications brought on by the end parts of the loop!  

 When the plane of the loop is vertical between the jaws of this 

magnet, the loop elements are moving parallel with the direction 

of the magnetic field. The loop is not cutting any lines of force. 

So the meter will read zero.  

When the plane of the loop is horizontal, the loop elements will 

be moving vertical in the jaws of this magnet, a maximum cutting 

of the magnetic field. So the meter will read maximum current.  

As the loop rotates, the meter will read a current first in one 

direction, pass through zero, and then show a current in the other 

direction, then back to zero - one full cycle. It is shown here by 

the red and blue readings on the meter - a variation of our first example when we used a meter with a bar magnet.  

Consider the angle made by 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 horizontal, this angle is 90 degrees.  

The output current indicated on the meter follows this angle change - a sinewave.  

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 degrees, 0.866, 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.  

The 50 Hz mains supply can be produced by mechanical 

means, and examples are in every powerhouse supplying the 

national grid. Fifty cycles in one second (50 Hz) is 3000 

revolutions in each minute. Multi -polar machines are used in 

practice with a slower rotation speed.  

It is difficult to produce radio frequencies by mechanical 

means so these are generated by electronic means. For 

example 7 MHz represents 7 million revolutions in one 

second.  

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 MHz signal is one-seven-millionth of one second, or one-seventh 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 be odd-multiples or even-multiples of the fundamental signal, or 

both.  

The presence of harmonics has the effect of altering the resulting wave-shape from being sinusoidal to being 

some other distorted waveform. The level of harmonic content can be very small and the wave-shape 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.  

_____________________________

Symbol  Unit Name  Multiply/Divide by  Scientific 

 Notation  

T tera x 1 000 000 000 000 10
12

 

G giga x 1 000 000 000 10
9

 

M mega x 1 000 000 10
6

 

k kilo x 1 000 10
3

 

m milli  ÷ 1 000 10
ï3

 

µ micro ÷ 1 000 000 10
ï6

 

n nano ÷ 1 000 000 000 10
ï9

 

p pico ÷ 1 000 000 000 000 10
ï12

 

f femto ÷ 1 000 000 000 000 000 10
ï15

 

a alto ÷ 1 000 000 000 000 000 000 10
ï18
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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.  

 

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 & Resonance   

Weôll start with the inductor!  

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

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

will link with every other turn and produce the same sort of magnetic field as a 

permanent magnet. Such a coil is called a 

solenoid as shown here. It acts as a magnet only 

when current is flowing through it. 

The magnetic polarity of the solenoid can be 

determined from the direction of current flow as 

seen looking in the ends, as shown in the 

diagram. From that the direction in which the 

magnetic field is acting can also be found. 

Solenoids or electro-magnets are widely used in electronic equipment. Loudspeakers, 

headphones, moving coil microphones, measuring instruments, transformers and such 

things, depend on electromagnetism for their operation.  

An inductor may be air-cored or have a solid core.  

Magnetic materials   

Magnetic materials in common use for the cores of solenoids are: 

Soft iron: easy to magnetise and demagnetise. Used for motor pole-pieces. 

Silicon iron: used for transformer laminations and AC motors. Low-loss. 

Nickel iron alloy: also known as radio metal and mu-metal, is used for high-class audio transformers and 

cathode-ray 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 core and are extremely varied. Also known as 

ferroxdure and ferroxcube. 

Permanent magnets: tungsten 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 circuit is connected. It takes time to grow from 

nothing at the moment of switch-on 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 the self-resistance of the coil. Similarly, 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 switch-on, the voltage across the capacitor takes time to rise to its maximum (see below).  

Inductors in series and parallel  

A coil has inductance, measured in henries. The values of practical inductance used in radio range from several henries 

(H) to parts of a microhenry (µH). The inductance of a coil depends on the number of turns and the core details.  

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

So too is the inductance, and the effective inductance of the circuit is the sum of 

the individual inductances. 

The diagram 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. 

As with the resistor, for amateur radio examination purposes, you can visualise 

the resulting value of inductors like this:  

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

inductance value increases.   

Putting two inductors in parallel, in effect decreases the 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 effective inductance value 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 flow of current is called 

the inductive reactance and is denoted by XL.  Reactance is an opposition to current resulting from a storage of 

energy. The relationship is:  

XL = 2́  f L   where f is the frequency in hertz, L  is the inductance in henries, and XL is the reactance 

expressed in ohms. For our purposes, 2ˊ can be taken to be the value 6.28.   

Note that as the frequency rises, the inductive reactance also rises.  

In practice there is no such thing as a perfect inductor and it is usual to consider 

the practical component to be a circuit containing both a resistor R (the inductor's 

resistance) and L the inductor.  

Where resistance and inductance (inductive reactance) exist in a circuit together, 

they are combined into a term, called impedance, representing their combined 

total opposition to current flow.  

Reactances can be added together directly. But resistances and reactances must be added together vectorially (as 

vectors), to get impedance. More about this follows below.  

Types of inductors   

Inductors used in radio can range from a straight wire at UHF to large chokes and transformers used for filtering the 

ripple from the output of power supplies. Values of inductors range from nano-henries to tens of henries. It is convenient 

to group them into three categories. 

Air core: to keep losses to a minimum it is necessary to keep the self-resistance 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 reduce the skin effect losses at high frequencies. Direct current is spread uniformly over 

the cross-section of the conductor, but alternating current moves closer to the surface as the frequency 

increases. Thus it is necessary to provide a large surface to minimise radio frequency resistance which is known 

as skin effect.  

Inductors used can range from a 25 mm diameter tube for an antenna on VHF to 50 turns of 22 swg wire on a 

7.5 cm diameter former for the tank circuit of a 1.8 MHz transmitter. 

The only adjustment available 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 is also 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. Some high-grade communications receivers have a 

system of cam-operated cores which are used for tuning. The type of material used for the cores or slugs is 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, for low-level signal circuits. Losses in 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. 

The effect of this is to reduce the inductance by about 20%. They 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 a single winding and a transformer has two or more windings. 

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

henries. 

The transformer   

Any two coils magnetically linked will act as a transformer. Transformers 

come in as many forms as inductors, air or dust cored as well as the more 

familiar iron-cored type. The iron-core 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 the magnetic field of 

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 produce a stated DC 

output.  

The number of turns on each winding determines the output voltage from the transformer. The output voltage from the 

secondary is proportional to the ratio of the turns on the windings. 

For example, if the secondary has half as many turns as there are on the primary, and 100V AC is applied to the primary, 

the output from the secondary will be 50V. 

Transformers can be step-up or step-down (in voltage). With twice as many turns on the secondary as there are on the 

primary and 100 V applied, the output would be 200V. 

The impedance ratio is 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 secondary winding cannot exceed the power fed into the primary. Ignoring losses, a step-

down in voltage means that an increase in current from that lower-voltage winding is possible. Similarly, a step-up in 

voltage means a decrease in the current output. So the gauge 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 cross-sectional area.)  

In effect, a transformer changes ñWatts of one form (E1 x I1), into the same number of Watts of another form (E2 x I2)ò.  

Iron-cored transformers are used for audio frequencies and for power supplies. Audio frequency transformers are 

designed to give suitable efficiency at frequencies up to 25 kHz.  

For speech and domestic quality radio reproduction the core material used is stalloy, while the laminations of high-

fidelity transformers are made of mu-metal. The construction is the same as for chokes and the same considerations of 

size and power rating apply. 

Transformer losses   

There are two main types 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 and some copper loss is unavoidable. 

One of the principal iron losses is caused by "eddy currents" flowing in the core. The magnetic circuit (core) can be 

considered to be a one-turn coil and heavy currents could flow causing very high 

losses. To reduce this eddy 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 specially-selected material and is formed into a 

complete loop as shown in this diagram, nearly all the flux lies within the core and 

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. An application is in the common SWR 

Bridge.  

  

The Capacitor 

The capacitor has a wide range of uses in radio. Its fundamental 

construction comprises a pair of metal plates. The plates are separated by 

a dielectric which may be air or some insulating material. The diagram 

shows a diagrammatic capacitor with its circuit symbol.   

A capacitor exhibits capacitance, a value measured in farads (F). In 

practice, capacitors range from a few picofarads (pF) to many 

microfarads (µF) in value.   

The value of a capacitor is 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 capacitor like this:  
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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 plates - increase 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 can use 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 between the capacitor 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 a break-down in the dielectric causing a 

short-circuit or other damage. So each capacitor must be 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 voltage rating wired 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 radio examination.)   

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 

voltages are used.  

Capacitor types and characteristics 

Air-spaced: are used mainly as variable capacitors for tuning. Air-spaced 

capacitors consist of a set of fixed plates, with a set of moving plates, 

mounted on a spindle, that exactly mesh with the fixed plates. The moving 

plates are controlled by a knob or by a screwdriver adjustment. Values 

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

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 etched to 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 from 0.01 to 3000 µF with voltages up to 100 

volts, while aluminium types range from 0.1 µF to nearly 1 F with a voltage range of from 3 to 700 volts. The 

higher the value of capacitance, the lower is the voltage range. In both types a leakage current is essential to 

maintain the dielectric, and they are generally used on a DC voltage for smoothing and de-coupling. 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. 

Opposition is to current flow, which results from energy storage rather than energy loss 

and is called reactance. It is dependent on frequency and is denoted by Xc.   

The unit for capacitive reactance is ohms. The formula, where f is the frequency in 

hertz, C is the capacity in farads, and Xc is the capacitive reactance in ohms, is shown:    

Note that capacitive reactance is expressed in ohms, and for purposes of easier explanation, we here give it a negative 

sign. This will be considered again in the explanations following below. This is a convenient way for us to make a 

distinction between capacitive reactance and inductive reactance.  

Note that as the frequency rises, the capacitive reactance decreases. (Compare this with inductive reactance - see 

above.)  

Current, voltage and phase 

As mentioned earlier, resistance and reactance must be added vectorially. For a first and elementary understanding for 

the purposes of this amateur radio examination, a visual approach is possible.  

When a capacitor is first connected to a DC supply, a large current flows while the capacitor builds up its charge. The 

current leads on the voltage. At full-charge, the voltage across the capacitor will be high but the current will be zero.  




