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Part-I
Introduction to Ham Radio

What is Ham Radio?

Hamradio operators are agroup of people nurturing a special interest inwireless communication
technology. People from all the spheres of life are found among the ham radio operators. They
operate their wireless transceivers (a combined unit of radio transmitter and receiver) during
their spare time for the sheer joy, thrill and excitement involved in doing a worldwide radio
communication.Unlike thebroadcast radio stations (towhomweusually tuneour radio receivers
to listen to), ham radio is a two-way communication system. Ham radio operators can put their
voice on-the-air to be listened into and at the same time replied back by their fellow radio
operators around the world, usually with very low power devices.

Despite the existence of other communication facilities, ham radio operators run their own
wireless communication networkwith entirely personal effort, out of the love for thismediumof
communication. There are some hams who, build their own wireless transceivers (a combined
unit of transmitter and receiver) and transmit their voice signals throughout the world to be
replied back by their fellow hams. These are the experiment oriented hams who try to achieve
some sort of a perfection in developing electronic circuits for radio frequencywork, or at a lower
level, theymay like to assemble a piece of wireless equipment designed by their fellow experts,
modify it in their ownway to improve its performance till theyare satisfiedwith its performance.
Hams located in the other parts of the world reply back exchanging information about the
quality and strength of their radio signals.

They exchange personal as well as technical information, which are not related to business or
commerce, politics and religion. Though a ham cannot use his radio station for any pecuniary
gain, a creative mind can still find numerous utility of ham radio. It is a pursuit, which attracts
people from all the spheres of life. There are hundred and thousands of people who are laymen
so far as their knowledgeof electronics is concerned, yet, theyare expert hamradio operators. It
is an exciting way to discover new friends and disseminate knowledge on-the-air. One
interesting fact about ham radio communication is that hams don’t have to pay any money to
the authority for their on-the-air conversation.

With the availability of low cost easily replicable circuits of radio transmitters and receivers, the
number of ham radio operators increased to millions.

The growth of electronics communication technology is also considered to be going hand in hand

with the progress of ham radio. The advancement in the field of electronics and the flourishing

growth of electronics industry in countries like Japan has been very often attributed to the

presence of large group of dedicated ham radio operators (to the tune of 13,50,127).

Though ham radio is a highly specialized technical hobby, it requires no special qualification

(except that the person going to be a ham has attained 12 years of age). However, it demands

immense interest in radio communication and sufficient enthusiasm to operate a radio station of

your own. Ham radio, also known as "Amateur Radio" does not provide any pecuniary gain.

However, what you gain from being a ham is more than what money can give and for that you



got to be imaginative! Many of the foremost radio and electronics engineers and technicians

operate as amateurs during times when they are not occupied professionally. Seeing the growth

of ham radio population around the world, many professional companies started manufacturing

ham radio equipment to meet the needs of the vast group of ham radio operators, who prefer

readymade professionally built equipment instead of homemade ones. So, what had once been a

hobby for somebody, turned out to be a profitable industry for some others. Hams never accept

money for their on-the-air communication.

Young students can learn the principles of electronics through practical experimentation by

assembling wireless transmitter and receiver kits in the ham radio clubs established in their

schools. Without a valid ham licence, it is illegal to operate wireless equipment. In India, the

Central Board of Secondary Education (CBSE) has also taken some initiative to include 'ham radio'

in their course curriculumunder the schemeofWorkExperience.TheMemberof Parliament Local

Area Development Scheme has also included 'Ham Radio' as one of its projects. As per the

directive of the Ministry of Programme Implementation, a Member of Parliament (MP) can spend

money to establish ham radio stations in the schools located in his area. If these schemes are

fruitfully utilised, many youngsters would be able to take interest in ham radio which they may

alsomake into career. There aremany activities people performout of their scientific curiosity or

to satisfy their inquisitivemind.Manypeople areattracted towardshamradio for this reasonalso.

WHY AN AMATEUR RADIO OPERATOR IS CALLED A HAM?

As per the Florida Skip Magazine (1959), the word "HAM" was coined in 1908 from the station
CALL of the first amateur wireless station operated by someamateurs of theHarvard Radio Club.
They were Albert S. Hyman, Bob Almy and Poogie Murray. At first they called their station
"Hyman- Almy-Murray". Tapping out such a long name in code soon became tiresome and called
for revision. They changed it to "Hy-Al-Mu", using the first two letters of each of their names.
Early in 1901 some confusion resulted between signal from amateur wireless station "Hy-Al-Mu"
and a Mexican ship named "HYALMO".They then decided to use only the first letter of each name
and the station CALL became "HAM”. During those days of unregulated radio, amateur radio
operators picked their own frequency and call letters. Then as now, some amateurs had better
signals than commercialstations.

The resulting interference came to the attention of US congressional committees in Washington

DC and the Congress proposed a legislation to critically limit the amateur radio activity. In 1911,

Albert Hyman chose the controversial Wireless Regulation Bill as the topic for his thesis at

Harvard. His instructor insisted that a copy be sent to Senator David L. Walsh, a member of one

of the committees hearing the Bill. The Senator was so impressed with the thesis that he asked

Hyman to appear before the committee. Albert Hyman took the stand and described how the

little station was built and almost cried when he told the crowded committee room that if the

BILL went through they would have to close down the station because they could not afford the

license fee and all the other requirements which the BILL imposed on amateur stations.

Congressional debate began on the Wireless Regulation Bill and little station "HAM" became the

symbol for all the little amateur stations in the country crying to be saved from the menace and

greed of the big commercial stations who didn't want them around. The BILL finally got to the

floor of Congress and every speaker talked about the " poor little station HAM." That's how it all

started. The whole story can be found in the US Congressional Record. Nation-wide publicity



associated the station "HAM" with other amateur radio operators. From that day to this, and

probably until the end of time in radio; an amateur radio operator is a "HAM”.

WHAT IS THE MINIMUM QUALIFICATION TO BECOME A HAM?

No educational qualification is specified to become a ham. Anybodywho has attained 12 years of
age can become a ham radio operator after passing the Amateur Station Operator's Certificate
(ASOC) Examination conducted by the Ministry of Communications, Govt. of India. You have to
send a "Birth Certificate" or the "High School Leaving Certificate" (which mentions your date-of-
birth) as a proof of your age.

There are four different grades of Amateur Wireless Telegraph Station Licence. Those between
the age group of 14-18 years can apply for Grade-I, Grade-II, Restricted Grade or a Short Wave
Listener's licence (listening to the ham radio operators without this licence is considered illegal).
Those between the age group of 12-14 years can apply for Grade-II, Restricted Grade or a Short
Wave Listener's Licence. The application for the grant of such licences should be accompanied by
a certificate from the head of the educational institution recognized by a board or university in
India, attended by the consent of the applicant or from his legal guardian that the applicant is
interested in and is competent to conduct experiment in wireless communication.

WHAT IS AN AMATEUR RADIO CALL-SIGN?

Each amateur radio station (ham radio station) has its own unique "name" allotted by the

authorities. In amateur radio, the unique name assigned to a ham radio station and its owner

helps you to know its operator as well as the country to which he/she belongs. A particular ham

radio station is authorized to be operated by that particular ham radio operator only. However,

other licensed ham radio operators are also eligible to operate his station, provided, the owner of

that particular station is physically present during the operation.

A person who does not hold a ham radio licence is not authorized to operate a ham radio station.
Thisalsomeansthatonlyasinglestationwithaparticularcall-signcanexist inaparticularlocation.A
person having a ham radio call-sign is not authorized to set upmore than one ham radio station.

A call-sign consists of a set of letters and numbers, assigned by the authority. For example
VU2HBIis a call-sign which belongs to a particular ham in India. No other hams anywhere in the
world canhave this call-sign! Similarly, 4S7VK is a call- signwhichbelongs to aham fromSri Lanka.
In a call-sign, the first 2 (or 3) characters are called the prefix. So, there might be a ham with the
call-sign 4S7XYZ in Sri Lanka. Similarly, a call-sign like VU2RDL may exist in India! Each country
has its own prefix. The knowledge of prefix helps us in identifying the country of origin of a
particular amateur radio transmission (List of prefix at Annexure-II).

When a ham radio station is set up on board a ship, the call-sign should be followed by the suffix

/MM. So, VU2XYZ would become VU2XYZ/MM (maritime mobile) when it operates from a ship. If

it operates from a vehicle, then the call-sign becomes VU2XYZ/M (mobile).



THE INDIAN WIRELESS TELEGRAPHS (AMATEUR SERVICE)
AMENDMENT RULES, 2009

G.S.R.No. 385 (E). In exercise of the powers conferred by sections 4 and section 7 of the
IndianTelegraphAct, 1885 (13of 1885), theCentralGovernmentherebymakes the following
rules further to amend the IndianWireless Telegraphs (Amateur Service)Rules, 1978.

1. Short title andcommencement:

These rules may be called the Indian Wireless Telegraphs (Amateur Service) Amendment
Rules, 2009.

They shall come into force on 1 April 2010.

2. Definitions:

In these rules, unless the context otherwise requires,-

a. `Act' means the Indian Telegraph Act, 1885 (13 of 1885)

b. `Amateur service' means a service of self training, inter-communication and technical
investigations carried on by amateurs that is, by persons duly authorised under these rules
interested in radio technique solely with a personal aim and without pecuniary interest;
`amateur station', and `station' shall have the meaning respectively assigned to them in the
Convention;

c. `Amateur Radio Beacon’ means a station in the Amateur Service having transmitter (s)
emitting carrier wave along with identification signals at regular interval. Such beacons can
be directional or non-directional;

d. ‘Amateur Station’ and "Amateur Satellite Service" `Station’ shall have the meaning
respectively assigned to them in the Convention;

e `Convention' means the International Telecommunication Convention, Malaga
Torremolinos, 1973, for the time being in force and the Radio Regulations and the Additional
Radio Regulations annexed thereto but does not include any portion of the said Convention
or Regulations regarding which the Central Governmentmakes any reservation;

f. `Licence' means a licence granted under section 4 of the Act for an amateur wireless
telegraph station.

3. Necessity for licence:

No person shall establish, maintain and work an amateur wireless telegraph station except
underand in accordancewith the terms andconditions of an appropriate licence under these
rules.

4. Categories of licence:

There shall be two categories of licences, namely:

(i) Amateur Wireless Telegraph Station Licence (General)



(ii) Amateur Wireless Telegraph Station Licence (Restricted)

5. Eligibility for licence:

(1) Alicencemaybegrantedsubject tosuchconditionscontainedinAnnexure I to these
rules -

(i) to a person,

a. who is a citizen of India;

b. who is not less than 18 years of age;

c. who qualifies the Amateur Station Operators’ Examination for the award of licence or
holds either of the following certificate of proficiency, namely:

(i) Radio-communication Operators' General Certificates;

(ii) First or Second Class Radio-telegraph Operators' Certificate;

Provided that the holder of a Special Radio Telegraph Operator’s Certificate may also be
considered eligible for the award of Amateur Wireless Telegraph Station Licence (Restricted)

(iii) To a bonafide amateur radio society, club or a school, college, or an institution or a
university in India, which has the aim of investigations in the field of radio or the training of
persons in radio communication techniques.

Provided that the licence shall be issued in the name of an authorized official of the society,
club, school, college, institute or a University in India holding a category of licence
appropriate to the transmissions to be conducted by the station including amateur radio
beacon transmission.

(2) Not withstanding anything contained in sub-clause (b) of sub-rule (1), the Central
Government may grant, to bonafide experimenters between the age of 12 and 18 years,
Amateur Wireless Telegraph Station Licence (General) or Amateur Wireless Telegraph
Station Licence (Restricted).

Provided that the application for the grant of such licences shall be accompanied by a
certificate fromtheheadof theeducational institution recognizedbyaboardor university in
India, attended by the applicant or from his legal guardian that the applicant is interested in
and is competent to conduct experiment in wireless telegraphy.

(3) Not withstanding anything contained in sub-clause (c) of clause (i) of sub-rule (1), the
Central Government may recognize, subject to any conditions it may prescribe from time to
time, such other radiotelegraph operators' certificates or Amateur Station Operators'
Certificates as are issued by a competent authority in any other country as equivalent to
qualifications referred to in aforesaid sub-rule for thepurposeof grant of licenceunder these
rules.

6. Application for licence:

An application for the grant of licence from:

(a) an individual, or



(b) an Amateur Radio Society or club or a school, college or an institute or a University in
India shall be made to the Central Government in Annexure II or Annexure III respectively to
these rules, together with all the subsidiary forms and documents duly filled in and
completed in allrespects.

7. Eligibility for admission to amateur station Operators Examination:

No person shall be eligible for admission to an examination for the grant of licence unless:-

(a) such a person fulfils the provisions contained in sub-clauses (a), (b) and
(c) of clause (i) of sub-rule (1) of rule 5;

(b) such person pays the fees on the following scale, namely :-

(i) AmateurStationOperators' (General)Examination : Rs.100/-

(ii) AmateurStationOperators'(Restricted)Examination : Rs.100/-

8. Examinations:

(1) The examinations for the grant of a licence as per syllabus shall be held at a place and on
a date as may be notified by the Central Government from time to time.

(2) Anapplication for licence inAnnexure II to the rules shallbe submittednot later thanone
month before the date of desired examination.

(3) Any person admitted to the examination and found guilty of impersonation or of
submitting fabricated documents or documents which have been tampered with or of
making statements which are incorrect or false or of suppressing material information or of
using or attempting to use unfair means in the examination hall or otherwise resorting to
any other irregular or improper means for obtaining admission to the examination may, in
addition to rendering himself liable to criminal prosecution, be debarred either
permanently or for a specified period from appearing in any of the examinations held for the
award of licence under these rules:

Provided that no order under this sub-rule shall be made unless the person concerned has
beengiven a reasonable opportunity ormaking a representation against the action proposed
to be taken.

(4) If any person is found guilty of anymalpractice referred to in sub-rule (3) after the grant
of a licence to such person, the Central Government may, in addition to prosecuting him
cancel the licence so given:

Providedthat theCentralGovernmentmay,pending thecancellationof the licence, suspend
or endorse suchlicence:

Provided further that no order under this sub-rule shall bemade unless theperson concerned
has been given a reasonable opportunity of making a representation against the action
proposed to betaken.

9. Grant of licence:

Every category of licence shall be in the form set out in Annexure IV to these rules.

10. Observance of conditions of licence, convention and rules under the Act:



(1) Every licensed amateur wireless telegraph station shall be established, maintained and
worked in accordance with –

a.theconditionscontainedinAnnexureItotheserules;b.the

provisions of theConvention;

c.the rulesmadebytheCentralGovernmentunder section7of theAct for theconductof
wireless telegraphs in so far as they are applicable.

(2) Not withstanding sub-rule (1) the Central Government may modify, vary, cancel or
revoke any of the conditions of licence contained in the said Annexure I at any time either by
specific notice in writing to the licensee, or by means of a general notice published in the
Official Gazette or in a newspaper published in New Delhi.

(3) Thelicenseeshallathisownexpense,giveeffect toanyvariations in theconditionsof
licence.
11. Period of validity:

(1) A licence granted under these rules shall be issued for a period of 20 years or lifelong as
the case maybe commencing on the date of issue of the licence and expiring on the last day
of the month proceeding the month of issue.

Explanation:- For the purpose of this rule, the expression “life long”means till the licence
holder attains the age of 80 years.

(2) Validity of lifelong licence may be extended on specific request of the licence holder for
10 years at a time without any additional payment.

12. Fee for licence:

(1) A licence fee on the following scale shall be payable to the Central Government on
receipt of instructions from that Government and in themanner directed by it:-

Licence Fee for Amateur Radio licence
(Pay via Non-Tax Receipt Portal. -https://www.bharatkosh.gov.in)

Category of licence Fees in Rupees
20 years Life Long

(i) Amateur Wireless Telegraph Station
(General)

Licence 1000/- 2000/-

(ii) Amateur Wireless Telegraph
Licence(Restricted)

Station 1000/- 2000/-

(2) The licence fee shall not be refundable on ground of licensee’s inability to establish or
make use of the licensed Amateur Wireless Telegraph Station or for adjustment towards
higher category oflicence.

13. Authorised frequency bands, power and emission:

Aholder of licence shall use as appropriate to the licence, such frequency bands, power and
classes of emission as authorised by the Central Government.

Provided that the Central Government may by special or general ordermake changes in the
usage of frequency bands, power and types of emission where that the Government is



satisfied, that it is expedient to do so, keeping in view, among others the provisions of the
Convention,need forenforcementofbetter technical standards in respectof equipmentand
national and international radio interference pattern.

14. Renewal of licence:

Ontheexpiryof thevalidity ofa licence, itmayberenewedforaperiodof twentyyears
or life long if the licensee,-

Makesanapplication for renewal at least twomonthsbefore thedateofexpiry of the
licence.

Has actively operated his station during the past two years prior to the date of expiry of
his licence and provides a certificate to the effect that he has made contacts with other
amateur stations on at least 40 occasions per year; .

Pay a fee of Rs.1000/- or Rs.2000/-

The licence fee shall not be refundable on ground of licencee’s inability to establish or
make use of the licenced Amateur Wireless Telegraph Station or for adjustment towards
higher category oflicence.

Thedocumentshowingtherenewalof licenceissuedbytheCentralGovernmentshall
be kept along with the licence to which it refers.

It shallnotbeobligatory for theCentralGovernment to issueanotice thatthe licence is
due for renewal.

** Under deserving cases and for exceptionally genuine reasons, the ASOC licence can also
be renewed up to a period of 5 years with charging late fee and for the period beyond that,
the licence can be renewedafter getting fresh inter-ministerial consultations. This in noway
however confers any right to the candidates seeking ASOC renewal under this category and
the right of decision of renewal in such cases will solely remain with the Ministry of
Communications & InformationTechnology.

** It is also desired that those who apply for the renewal should register in the WPC website
and file their application ‘online’ also. The request for renewal should enclose the
Acknowledgement slip for the online submission along with the demand draft and other
documents.

15. Surcharge for laterenewal:

In case the holder of a licence does not apply for its renewal prior to the date of expiry of the
licence referred to in sub-rule (1) of rule 14, he may apply for the renewal of licence subsequently
also butwithin a period of five years** after the date of expiry of the licence on payment of a
surchargeat therateofRs.100/- foreveryhalf-yearorpart thereof.The licence in suchacase
shall be renewed from the date of expiry of the licence.

16. Register for wireless telegraphy apparatus:

Every licensee shall maintain a register in respect of all wireless telegraphy apparatus
established, maintained and worked by him at the amateur station in the form set out in
Annexure VI of these rules.

17. Location of AmateurStation:



The location of the amateur station shall be specified in the licence along with the usual
residence of the licensee endorsed therein and it shall be operated only from the place so
fixed.

Provided that the Central Government may, permit the change of location if the licensee
applies for it in writing giving particulars of the change and submits the license for
endorsement, and pays a fee of Rs.200/-.

18. Portable and mobile Amateur Station:

Without prejudice to rule 17, the Central Governmentmay in addition to an amateur station
licensed for a

(1) Specified location issue a special authorisation to establish, maintain and work an
amateur station as a portable station or amobile station fixed on board amotor vehicle for a
specific period in special occasions like exhibitions and jamborees or for specific technical
investigations in radio if-

(i) Application for such authorisation ismadewell in advance indicating, among others, the
specific period for which the authorisation is required, nature of investigations or details in
regard to occasion as the case may be, and area of operation;

(ii) The applicant holds an Amateur Wireless Telegraph Station Licence (General);

(iii) The applicant pays an additional fee of Rs.200/-.

(2) The special authorisation shall, in addition to the conditions specified in rule 10, be
subject to following,namely:-

(i) The special authorisation shall not be issued for a period more than 90 days.

(ii) Thelicensee'samateurstationatthefixedlocationandthemobilestationshallnot
communicate with eachother;

(iii) Thesuffix`MO' shallbeaddedtothecallsignalreadyauthorisedtothelicensee'samateur
stationat the fixed location for useby theportable ormobile station. Suchcallsign shall be
followed by the location of the station.
(iv) Such other conditions as the Central Government may determine from time to time.

(3) The special authorization may be withdrawn or the conditions contained therein varied
at any time by the Government.

19. Amateur Station on board ship:

(1) Without prejudice to rule 17, the Central Government may on receipt of an application
authorise establishment, maintenance and working of an amateur station on board a ship
registered in India. Applications for such authorisation shall be accompanied by a written
approval of the master or owners of the ship concerned.

(2) The establishment, maintenance and working of amateur stations on board ships shall,
in addition to the conditions specified under rule 10, be subject to such other conditions as
the Central Government may determine from time to time and such conditions, among
others, shall include the following, namely:-

(i) The amateur station on board ship shall be operated onlywhile the ship is in International
waters or Indian territorial waters. Its operation within the territorial waters of another
country shall be in conformity with laws and regulations of the country concerned.



(ii) It shall not be operated whilst the ship is in any harbour in India.

(iii) The callsign allotted to such stations shall have suffix `MS' followed by the callsign of
theship incaseof radiotelegraphyor theofficial nameof theship incaseof radiotelephony.

(iv) The amateur station on board a ship shall discontinue operation at any time on request
of an officer of the Central Government, the Master or Radio Officer of the ship or any land
station.

20. Loss and Issue of Duplicate of Licence and Document showing the Renewal of Licence:

Apersonwhose licence or the document showing
therenewalof licencehasbeenlost,mutilatedordestroyedshallnotifythesametotheCentral
Government.AnapplicationinAnnexureVIIof theserulesfortheduplicateshallbemadetothe
Central Government embodying a statement of the circumstances involved in the loss,
mutilationor destructionof the licence or the document showing the renewal of licence for
whichaduplicateis required.Ifthe licenceorthedocumentshowingtherenewalof licencehas
been lost, the applicantmust state the circumstance inwhich itwas lost and the reasonable
searchhasbeenmade for it, and further that in theevent itbe found,either theoriginal or the
duplicate shall be returned for cancellation. The mutilated licence or the document showing the
renewal of licence for which the duplicate is required should be forwarded along with the
application for cancellation.

(2) The Central Government may issue duplicate copy of any licence or the document
showing the renewalof the licence and the following charges shall be levied for such issue-

(i) Forduplicateof licence.................................................. Rs. 100/-

(ii) Forduplicateof thedocumentshowingthe renewalof licence.... Rs.100/-

21. Revocation of licence:

(1) The Central Government may, at any time, revoke the licence

(i) Onthebreachofanyof theconditionsof licencecontained inAnnexure I;
or

(ii) In default of payment of any fees payable under these rules:

Provided that, before revoking a licence, the licencsee shall be given a reasonable
opportunity of making a representation against the action proposed to be taken.

(2) The licensee shall not be entitled to any compensation arising out of revocation of his
licence nor will any part of the fees paid for the licence shall be refunded for the period a
licence stands revoked.

22. Transfer of licence:

A licence shall not be transferable:

Provided that the Central Government may permit the transfer of a licence granted to an
authorised official of an amateur radio society or club or a school, college or an institute or a
University in India in favour of his successor if such successor holds a category of licence
appropriate to the transmissions to be conducted by the amateur station.

23. Operation of licensed amateur station:



Nopersonother thanthelicensee shallbepermittedtooperatethe licensedamateurstation:

Provided that –

(a) In the presence of the licensee himself, the station may be operated by an other person
holding a valid licence of comparable or higher category. The licensee, however, shall be
personally responsible for theobservanceof these rulesas if the station is operatedbyhim.

(b) In case of a licence issued to an authorised official of an amateur radio society or club or
a school, college, or an institution or a University in India, the station may also be operated
by a person who holds a licence of equivalent or higher category with the prior permission of
the Central Government in writing; if the licensee keeps personal surveillance over the
operationofthestation.The licenseeshallberesponsible for theobservanceof theserules.

24. Surrender of licence:

A licencewhich is revoked orwhich has become invalid and licensee does not desire to renew
it shall be surrendered to the Central Government for cancellation and record.

25. Dual holding of licence:

No person shall be granted more than one licence at the same time:

Provided that the Central Government may exempt a person, holding a licence in his name
for amateur radio society or a school, college or an institute or a university in India, from the
operation of thisrule.

26. Admission of foreign national to examination and grant of licence:

(1) Not withstanding anything contained in these rules, the Central Government may,
subject to such terms and conditions as it may impose from time to time, admit a person,
who is not a citizen of India, to an examination for the grant of a licence or grant him a
licence if otherwisequalified.

(2) The conditions under sub-section (1) shall, among others, include the following, namely:-

(i) the country ofwhich the applicant is citizen, grants reciprocal facilities to Indiannationals :

Provided that it shall not apply where the Central Government considers that reciprocal
facilities are notnecessary;

(ii) the applicant is above the age of 18 years;

(iii) the applicant's stay in India is not likely tobe less thanone year from thedateof
application.

(iv) the applicant is a holder of an appropriate category of amateur station operator's
certificate or licence issued byacompetent authority in any other country and recognised by
the Central Government.

(v) the licence under this rule shall be initially granted for a period of one year or for the
periodof validity of visa, forwhich theapplicant's passport is endorsed,whichever is less.

27. Penalty for breach of these rules:



Anybreachof theserules,other thanabreach,which isanoffenceundersection20or21of
the Act, shall be punishable with fine which may extend -

(i) when the person is licensed under the Act, to one thousand rupees and in the case of
continuing breach a further fine of two hundred rupees for every day after the first during
the whole of any part of which the breach continues;

(ii) when a servant of the person so licensed or another person is punishable for the breach
one fourth of the amounts specified in clause (i).

28. Repeal and saving:

(1) On the commencement of these rules, the Indian Wireless Telegraphs (Amateur Service)
Rules, 1978, shall cease to be in force.

(2) Not withstanding suchcesser,-

(a) Where before such commencement any person has passed the Amateur Station
Operators' Certificate Advanced, Grade I, Grade II, Grade II Restricted Examination, such
person shall not be required to pass any such examination under these rules;

(b) Where, before such commencement any person was granted Amateur Wireless
Telegraph Station Licence Advanced, Grade I, Grade II, Grade II Restricted or any such Licence
was renewed and the period forwhich such Licencewas granted or renewed extends beyond
the commencement of these rules, then, such Licence shall continue to be in force for the
period specified in the Licence.

Note:

1. The existing Grade II and Restricted category shall be migrated to the new ‘Restricted’
category at the time of their next renewal after the payment of revised fees for 20 years or
lifetime as the case may be at the request of the applicant. The old license type will be
indicated in their license to distinguish them from those who seek licensee afresh based on
the new notification.

2. TheexistingGrade I andAdvancedGrade category shall bemigrated to thenew ‘General’
category at the time of their next renewal after the payment of revised fees for 20 years or
lifetime as the case may be at the request of the applicant.

3. ThecallsignblockVU2shallbereservedforGeneralGradeandblockVU3toRestricted
Grade for futurelicences.



Annexure – I

CONDITIONS FOR THE CONDUCT OF AMATEUR WIRELESS
TELEGRAPH STATION

(See Rules 5 & 10)

I. Use of the Amateur Station:

(1) The amateur station shall be used as part of self training, intercommunication and
technical investigations in radio techniques solelywith apersonal aimandwithout pecuniary
interest:

Provided that when the station is licensed to an amateur radio society or club, or a school,
college or an institute or a University, the use of the station "shall be" confined to technical
investigationand training in radiocommunicationtechniqueswithoutpecuniary interest.

(2) The station may also be used for the purpose of receiving transmissions in the Standard
Frequency Service to facilitate operation of the station within the authorised frequency
bands.

(3) Except as provided in these rules, the licensee shall not assign, under-let or otherwise
dispose off or admit any person to participate in the benefits of the licence.

II. Messages:

(a) Radio communications may be exchanged with other stations similarly authorised.
The amateur stations are forbidden to communicate with amateur stations of countries
whose administrations have notified the International Telecommunication Union of their
objection to such radio communications.

(b) Transmissions shall be made in plain language and limited to messages of a technical
nature relating to tests and to remarks of personal character (excluding business affairs or
transactions) in which the licensee, or the person with whom he is in communication, are
directly concerned and for which, by reason of their unimportance, recourse to the public
telecommunication service is not justified.

(c) Special recordings for reproduction sinusoidal tone or tones within the audio frequency
spectrumwhichmay be either constant or steadily changing in frequencymaybe used.

(2) The licensee is forbidden to transmit,-

messageslike thereproductionofbroadcastprogrammesor taperecordingsor transmissionsof
entertainment value ormusic;

False or misleading calls, or signals, news, advertisements, communications of business,
statements on topics of political or industrial controversy;

(b) superfluous signals or any matter which is indecent or of obscene character or of a
seditious tendency or which is grossly offensive or such as is likely to arouse racial, religious,
or communal animosity;

(c) messages for pecuniary reward or any messages for, or on behalf of third parties;

(3) Not withstanding clause (a), sub-condition (1) and clause (d), sub-condition (2) the
licensees in case of failure of normal telecommunication facilities, are permitted to handle
third partymessages, pertaining to natural calamities such as earthquake, floods, cyclones



and wide spread fires, originating from and addressed to a competent civil authority namely,
(a) District Magistrates or Deputy Commissioners or Collectors of the district and
(b) any other officer authorised by authorities mentioned at (a) above. The licensee shall
informby letter addressed to the licensing authority regarding the use of his amateur station
for such purposes on each such occasions.

III. Frequencies, Emissions andPower:

The amateur station shall be operated on frequencies that are within the frequency bands
authorised to respective categories of licences under rule 13 andon such classes of emissions
and power not exceeding that specified in the said rule.

IV. Frequency Control andMeasurement:

The transmitting apparatus shall be tuned as accurately as possible to ensure that no
energy is radiant on any frequency outside the limits of the authorised frequency bands.

The licensee shall have at the licensed amateur station a reliable frequencymeasuring
equipment to verify, each time the frequency of the transmitter is changed and whenever it
is necessary to check the transmitted frequency, the emissions are within the authorised
frequency bands. The licensee shall take all steps necessary to maintain the accuracy of the
frequency measuring equipment.

V. Non-Interference:

Theamateurstationshallbesodesigned,constructed,erected,maintainedandworkedasnotto
causeinterferencewithanywirelesstelegraphservicefunctioning,withinorwithoutIndia, in
accordancewith theprovisionsof theConventionor thewireless signalingbetweenany fixed,
land ormobile stations of Indian Land, Naval or Air Force or between such stations and any
station abroad:

Provided that in the event of interference being caused by the station the licensee shall
discontinue or restrict transmissions, pending adjustment of the equipment, on request from:-

(a) the Central Government;or

(b) any land station.

(2) The licensee shall deploy all necessary means to ensure that the radiated frequency is
free from harmonics, key clicks, hum and other forms of spurious emissions.

(3) The licensee shall ensure that the transmitter is not over modulated.

(4) The use of class B emissions (damped waves) is forbidden.

VI. Log (Dairy of the radio service):

(1) A chronological record of all transmissions emanating from or received at the amateur
station shall be kept in bound book (not loose-leaf) showing the following:

(a) Date and time of each transmission;

(b) A summary of the communications exchanged;

(c) A brief description of the experiments and tests undertaken;



(d) Thecallsignof stationorstationswithwhichmessageshavebeenexchanged,timesand
type of emission employed in each case;

(e) Time of opening and closing down the amateur station;

(f) In case of portable or mobile amateur station the particulars of temporary location.

(2) All times in the log shall be stated in the Indian Standard Time.

(3) Nogapsshallbe leftbetweenentries in the logand they shallbemadeand initialledat
the time of receiving and transmitting.

(4) In case the station is operated by a person other than the licensee (see rule 23), the
licenseeshallensure that log is signedbythatperson indicating hisname,callsignand licence
number.

(5) Licenseeshall preservethe log foraperiodofoneyear fromthedateof last entry
therein before it is destroyed.

Provided that no log shall be destroyed for such further period as the Central Governmentmay direct.

(6) The form of log is shown in the Table attached to these conditions.

VII. Wireless TelegraphyApparatus:

(1) The amateur station shall be equipped for reception as well as transmission.

(2) The Wireless telegraphy apparatus and other accessory equipment used or intended to
be used by the licensee shall be so arranged as not to endanger the safety of licensee or
other persons.

(3) Thewireless telegraphapparatus shallbekept inasafeconditionandhoused insuch
manner as to preclude access to unauthorised persons.

(4) Thetransmitter shallbeofatypethathasafrequencystabilitycomparable tothatofa
crystal control.

(5) MetersofstandardaccuracyshallbeinstalledtomeasuretheD.C.powerinputtothe
anode circuit of the final radio frequency stage of the transmitter.

(6) The aerial used or intended to be used shall be so erected, fixed, or placed as not to
cross above or fall on to any power, telegraph or telephone line.

VIII. Secrecy of Correspondence:

If any message which the licensee is not entitled to receive is, nevertheless received, the
licensee shall not make known or allow to be made known its contents, its origin or
destination, its existence or the fact of its receipt to any person (Other than duly authorised
officer of the Central Government or a competent legal tribunal) and shall not reproduce in
writing, copy ormake any use of suchmessage or allow the same to be reproduced in writing,
copied or made use of.

IX. (1) General Radiotelegraph and Radiotelephone Procedure:

(1) (a) Before transmitting, the station shall take precautions to ensure that its emissions
will not interfere with transmissions already in progress. If such interference is likely the



transmission shall not commence till there is an appropriate break in the communications is
progress.

(b) The callsign endorsed in the licence shall be sent for identification at the beginning and
at the end of each period of transmission. When the period of transmission exceeds 10
minutes the call sign shall be repeated. Licensee shall not make transmission without
identification or with false identification.

(c) Prolonged calls and transmissions shall be avoided.
(d) When it is necessary to spell out callsign, certain expressions, difficult words, abbreviations,

figuresetc., thephoneticalphabetandfigurecodegiven intheConventionshallbeused.

(2) Call and replyprocedure:

(a) The call shall consist of the call sign of the station called not more than three times;

Theword DE (in case of radiotelegraphy) and thewords "This is" (in case of radio telephony).
the call sign of the calling station, not more than three times.

(b) The reply to call shall consist of - the call sign of the calling station, notmore than three
times; the word DE (in case of a radiotelegraphy) and the words "This is" (in case of radio
telephony), the callsign of the station called, not more than three times.

(c) The call may be sent three times at intervals of two minutes; thereafter it shall not be
repeated until an interval of 10 minutes during which the operator shall listen in the
frequency band is which the call has been made.

(d) In case of general call to all stations the signal `CQ' (in case of radiotelegraphy' and the
words `Hello all stations' or the signal `CQ' (in case of radiotelephony) shall replace the
callsign of the station called in the calling procedure.

(3) End of transmission and work:

(a) Transmissionof amessage shall be terminatedby the signal AR (in caseof
radiotelegraphy) and the word `Over' (in case of radiotelephony).

(b) The end of work between two stations shall be indicated by each of them by means of
signal VA (in case of radiotelegraph) and by the word `OUT' (or VA spoken as Victor Alfa) in
case of radiotelephony.

(4) Tests:

(a) When it is necessary to make test signals either for the adjustment of a transmitter or a
receiver or for any experiment, such signals shall not be continued formore than 30 seconds
and shall be composed of series of VVV followed by the callsign of the station emitting the
test signals. In case of radiotelephony series of VVV shall be replaces by the figures 1,2,3,4......
spoken in the figure code.

(b) For tests exceeding 30 seconds an artificial aerial shall be used.

(c) Emission of carrier wave is forbidden unless such wave is subjected to intelligible
modulation.



X. Inspection:

Any officer authorised by the Central Government in that behalf inwriting by them,may
at all reasonable times enter the station solely or jointlywith any other person or persons for
the purpose of inspecting and may inspect, examine or test any apparatus conduct of such
inspections and tests and making available the licence, the station log or other records for
examination by the inspecting officer.

The licensee when called upon to do so by the Central Government shall arrange to
forward the licence, the log book, or any other record or data for examination by that
Government.

XI. Powers to take possession of the Amateur Station and to order interception of messages:

(1) On the occurrence of any public emergency, or in the interest of the public safety, the
Central Government or a State Government or any officer specially authorised in this behalf
by the Central Government or a State Government may, if satisfied that it is necessary or
expedient so to do, take temporary possession (for so long as the public emergency exists or
the interest of thepublic safety requires the taking of suchaction) of theAmateur Station.

(2) On the occurrence of any public emergency, or in the interest of the public safety, the
CentralGovernment or a StateGovernmentmay, if satisfied that it is necessary or expedient
so to do in the interests of the sovereignty and integrity of India, the security of the State,
friendly relations with foreign state or public order or for preventing incitement to the
commission of an offence, for reasons to be recorded in writing, by order, direct that any
message of class of messages relating to any particular subject, shall not be transmitted or
received or shall be intercepted by the station or shall be disclosed to the Government
making the order or an officer thereof mentioned in the order.

(3) The licensee shall not be entitled to any compensation in respect of the exercise of the
powers conferred by sub condition (1) and (2) or this condition.

XII. The licensee shall indemnify the Central Government against all actions, claims and
demands which may be brought or make by any person, body corporate or company in
respect any injury arising from any act licensed or permitted by the licence.

XIII. A copy of the Indian Wireless Telegraphs (Amateur Service) Amendment Rules, 2009
shall be kept at the Amateur Station.



AUTHORISED FREQUENCY BANDS, POWER & EMISSIONS

The International Telecommunication Union uses an internationally agreed system for
classifying radio frequency signals. Each Type of radio emission is classified according to
its bandwidth, method of modulation, nature of the modulating signal, and Type of
information transmitted on the carrier signal. It is based on characteristics of the signal,
not on the transmitter used.

An emission designation is of the form BBBB 123 45, where BBBB is the bandwidth of the
signal, 1 is a letter indicating the Type of modulation used, 2 is a digit representing the
Type of modulating signal, 3 is a letter corresponding to the Type of information
transmitted, 4 is a letter indicating thepractical details of the transmitted information,
and 5 is a letter that represents the method of multiplexing. The 4 and 5 fields are
optional. For example, an emission designation would appear read as 500H A3E, where
500H translates to 500 Hz, and A3E is the emission mode as permitted.

THE WPC HAS AUTHORIZED THE FOLLOWING EMISSION MODES

Emission Details

A1A
Single channel containing digital information, no subcarrier,Aural telegraphy,
intended to be decoded by ear, such as Morse code

A2A
Singlechannel containingdigital information,using asubcarrier,
Auraltelegraphy, intendedtobedecodedbyear,suchasMorsecode

A3E**
Double-sideband amplitude modulation (AM radio),Single channel containing
analogue information,

A3X
Singlechannelcontaininganalogueinformation,Noneoftheotherlistedtypesof
emission

A3F Single channel containing analogue information,Video (television signals)

F1B
Frequency modulation,Single channel containing digital information, no
subcarrier,Electronictelegraphy,intendedtobedecodedbymachine
(radioteletype and digitalmodes)

F2B
Frequency modulation,Single channel containing digital information, using a
subcarrier,Electronic telegraphy, intended to be decoded by machine
(radioteletype and digital modes)

F3E
Frequency modulationS,ingle channel containing analogue information,
Telephony (audio)

F3C
Frequency modulation,Single channel containing analogue information,
Facsimile (still images)

H3E
Single-sideband with full carrier,Single channel containing analogue
information,Telephony (audio)

J3E
Single-sideband with suppressed carrier (e.g. Shortwave utility and amateur
stations),Single channel containing analogue information,Telephony (audio)

R3E
Single-sideband with reduced or variable carrier,Single channel containing
analogue information,Telephony (audio)

For A3F emission, the transmission is restricted to call sign of the station, location and other
particulars. This is limited to point-to-point test transmission that employs a standard interlace and
scanning with a bandwidth not more than 4 kHz.



Restricted Grade

The Amateur Wireless Telegraph Station Licence, Restricted licence requires the same scores as the
old term Grade II.The minimum age is 12 years.The licence allows the user to
make radiotelegraphy (Morse code) and radiotelephony transmission in 12 frequency bands. The
maximum power allowed is 100 W.

ARestrictedGrade licenceholderwaspreviouslyauthorizedtheuseof radio telephonyemissionon
frequency bands below 30MHz on submission of proof that 100 contacts havebeenmadewith other
amateuroperatorsusingCW(Morsecode).Thishasnowsincechangedwithrestrictedlicenseholders
being allowed phone (SSB) bands with the only restriction being the PEP(peak envelope power)
limited to 50 W. Now Morse Code is not necessary for this exam

BAND
FREQUENCY

(MHZ) WAVELENGTH TYPE EMISSION
PO
WER
(W)

6 1.820–1.860 160 m MF A1A, A2A, A3E, H3E, J3E, R3E 50

7 3.500–3.700 80 m HF A1A, A2A, A3E, H3E, J3E, R3E 50

7 3.890–3.900 80 m HF A1A, A2A, A3E, H3E, J3E, R3E 50

7 7.000–7.200 40 m HF A1A, A2A, A3E, H3E, J3E, R3E 50

7 14.000–14.350 20 m HF A1A, A2A, A3E, H3E, J3E, R3E 50

7 18.068–18.168 17 m HF A1A, A2A, A3E, H3E, J3E, R3E 50

7 21.000–21.450 15 m HF A1A, A2A, A3E, H3E, J3E, R3E 50

7 24.890–24.990 12 m HF A1A, A2A, A3E, H3E, J3E, R3E 50

7 28.000–29.700 10 m HF A1A, A2A, A3E, H3E, J3E, R3E 50

8 50.000–54.000 6 m VHF F1B, F2B, F3C, F3E 10

8 144–146 2 m VHF A1A, A2A, A3E, H3E, J3E, R3E 10

9 434–438 70 cm UHF A1A, A2A, A3E, H3E, J3E, R3E 10

General Grade

Band Frequency
(MHz) Wavelength Type Emission Power

(W)

6 1.820–1.860 160 m MF
A1A, A2A, A3E, H3E, R3E, J3E, F1B, F2B,

F3E, F3C, A3C,A3F 400

7 3.500–3.700 80 m HF
A1A, A2A, A3E, H3E, R3E, J3E, F1B, F2B,

F3E, F3C, A3C,A3F 400

7 3.890–3.900 80 m HF A1A, A2A, A3E, H3E, R3E, J3E, F1B, F2B,
F3E, F3C, A3C,A3F

400

7 7.000–7.200 40 m HF
A1A, A2A, A3E, H3E, R3E, J3E, F1B, F2B,

F3E, F3C, A3C,A3F 400



7 14.000–14.350 20 m HF
A1A, A2A, A3E, H3E, R3E, J3E, F1B, F2B,

F3E, F3C, A3C,A3F 400

7 18.068–18.168 17 m HF
A1A, A2A, A3E, H3E, R3E, J3E, F1B, F2B,

F3E, F3C, A3C,A3F 400

7 21.000–21.450 15 m HF
A1A, A2A, A3E, H3E, R3E, J3E, F1B, F2B,

F3E, F3C, A3C,A3F 400

7 24.890–24.990 12 m HF A1A, A2A, A3E, H3E, R3E, J3E, F1B, F2B,
F3E, F3C, A3C,A3F 400

7 28.000–29.700 10 m HF A1A, A2A, A3E, H3E, R3E, J3E, F1B, F2B,
F3E, F3C, A3C,A3F 400

8 50.000–54.000 6 m VHF F1A, F2B, F3C, F3E 25

8 144–146 2 m VHF F1A, F2B, F3C, F3E 25

9 434–438 70 cm UHF F1A, F2B, F3C, F3E 25

9 1260–1300 23 cm UHF
A1A, A2A, A3E, H3E, R3E, J3E, F1B, F2B,

F3E, F3C, A3X, A3F (This band
rescinded, please verify with WPC)

25

10 3300–3400 9 cm SHF
A1A, A2A, A3E, H3E, R3E, J3E, F1B, F2B,

F3E, F3C, A3X, A3F (This band
rescinded, please verify with WPC)

25

10 5725–5840 5 cm SHF F1A, F2B, F3C, F3E 25

TheAmateurStationOperator'sLicence,GeneralGrade,requiresaminimumof50%ineachsectionof
thewrittenexamination,and60%overall,andademonstrationofproficiencyinsendingandreceiving
Morsecodeat8wordsperminute(withouterrors foreach).]Theminimumageis14years.Thelicence
allowsauser tomakeradiotelegraphyandradiotelephony transmission in13 frequencybands.The
maximum power allowed is 400W. In addition, satellite communication, facsimile,
and television modes are permitted.

(i) All the allocation subject to the relevant provisions of the Radio Regulations.

Amateur satellite service is permitted for General Grade in the appropriate sub bands in
accordance with Radio Regulations and in those cases the maximum output RF power
(airp) is 30dBw.

(ii) Theaboveauthorization is subject to site clearance as per the procedureprescribed
by the Standing Advisory Committee on Radio Frequency Allocation (SACFA) as
applicable.

(iii) For A3F emission, the transmission shall be restricted to call-sign of the station,
location and other particular of the station. They shall be limited to point to point test
transmission employing a standard interface and scanning with a bandwidth not more
than 4KHz.

(iv) DC inputpower is the totaldirect currentpower input to the final stageof the
transmitter.



Annexure : VI

See Rule 16

REGISTER FOR WIRELESS TELEGRAPHY APPARATUS:

SL.NO.
PARTICULARS OF THE APPARATUS
MAKE / MODEL / CHASSIS & TYPE
NO.

NAME & ADDRESS OF THE
PERSON FROM WHOM
RECEIVED (IN CASE
ASSEMBLED BY LICENCEE
WRITE SELF MADE)

DATE OF RECEIPT
OR
ASSEMBLY

IN CASE OF
PURCHASE GIVE
RECEIPT NO.AND
INDICATE THE
LICENCE NO.OF THE
SELLER

NAME &
ADDRESS OF
THE PERSON
TO WHOM
SOLD OR
TRANSFERRED

DATE OFSALE OR
TRANSFER

PARTICULARS OF THE
LICENCE ISSUED IN THE
NAME OF THE PURCHASER

REMARKS



LOGBOOK FORMAT

See Condition VI (6)

SL.NO. OF
CONTACT DATE & TIME

FREQUENCY & TYPE OF
EMISSION & POWER
INPUT TOFINAL
STAGE(PEP)

STATION
CALLED/CALLED BY

STATIONHEARDOR
WORKED RST

REPORT RECEIVED
RST

TIME OF
TERMINATING QSO

TIME OF RECORD
EXPERIMENT OR
SUMMERY OF

COMMUNICATIONS

QSL CARD
SENT

/RECEIVED INITIALS





FEE STRUCTURE:
SL.N
O DETAILS FEE IN RUPPES

1 Examination fee Rs.100/-per Grade

2
Licence fee for Restricted / General
grade Rs.1000/- for 20 years or Rs.2000/ for

life time

3 Renewal fee for Restricted/General
grade

Rs.1000/- for 20 years or Rs.2000/ for
life time

4 Licence fee for Club / Repeater Rs.1000/-for20yearsor till validityof
custodian

5
Surcharge for late
renewal Rs.100/- forevery6monthsorpart there

of, up to 5 years

6
Change of location
(Temporary / Permanent) Rs.200/-

7 Mobile operation Rs.200/-

8 Duplicate licence Rs.100/-

9 Duplicate renewal Rs.100/-

10 Import licence Rs. 50/

Theprescribedfee is tobepaidthroughNonTaxReceiptPortal (NTRP)availableonwebsite
http://bharatkosh.gov.in under the head under the head:

Make your payment: Receipt for DOT

Purpose: AmateurLicence
Payment Type: Licence Fee
Pay & Accounts Office: 077177 CONTROLLER OF COMMUNICATION ACCOUNTS, NEW DELHI.

The receipt of payment is to be enclosed with application.

http://bharatkosh.gov.in/


Application for Amateur Station Operators
Certificate (ASOC) Examination

General Guide lines:
1. Any citizen of India above 12 years of age can appear for the ASOC examination.

2. The ASOC examination is conducted by Wireless Monitoring Stations of DOT, Ministry of
Communications, Govt. of India located in different parts of India, several times per year.

3. If more than 20 candidates are there, the examination may be held at the applicant’s location.

4. The filled up application must be sent to the nearest Monitoring Station or at the Monitoring
Station which the applicant wishes to appear for the examination, one month before the scheduled
date of examination.

5. Syllabus:

a) Restricted Grade: Radio Theory & Practice, Radio Regulations (1 hour exam)
b) General Grade: Radio Theory & Practice, Radio Regulations (2 hours exam), and Morse code
exam at 8 words per minute.

6. The exam is of multiple choices Objective Type.

7. A single form can be used if the applicant wishes to appear for both the exams simultaneously.

The following documents must accompany the application:

a) An attested copy of Birth Certificate / School Leaving Certificate/ Passport /Aadhar card. (The
name of attesting officer must be clearly given). Driving Licence, PAN Card, Ration Card, Voter Id
card etc. are not accepted.
b) Certificate in support of nationality in the prescribed Performa, indicated in Appendix III (The
name of signing officer must be clearly given)
c) Two passport size photo graphs signed and named on back.
d) Four Copies of Personal Details of Applicant in original. (Xerox copies are not accepted)
e) If the applicant is between 12 to 18 years of age, a No Objection Certificate from Parent /
Guardian /
Head of Institution is to be included.
f). Applicants holding degree in Engineering/Science or Diploma in Engineering and having studied
electronics or telecommunications shall be exempted from appearing in Radio Theory & Practice part
of the test. They must submit attested copy of their concerned certificate and marks memo.
g) The exam fee is as follows: 1. For Restricted Grade: Rs.100/- 2. For General Grade: Rs.100/-
The prescribed examination fee is to be paid through Non Tax Receipt Portal (NTRP) available on
website http://bharatkosh.gov.in under the head
Make your payment: Receipt for DOT
Purpose: “Amateur Exam conducted by Wireless Monitoring Stations and RHQs”,
Pay & Accounts Office: “077177 CONTROLLER OF COMMUNICATION ACCOUNTS, NEW
DELHI” .
The receipt of payment is to be enclosed with application.
First please register in the site http://bharatkosh.gov.in under Ministry “Telecommunications”

Once the result is received, one can apply for the licence.
(Licence fee: for 20 years: Rs.1000/- or for lifelong: Rs.2000/-)

http://bharatkosh.gov.in/
http://bharatkosh.gov.in/


Syllabus

Part-I
Section I

Radio Theory and Practice (Applicants holding degree in telecommunication, or electronics

and electrical communication, or a degree recognized by the central government as

equivalent to the above degree shall be exempted fromappearing in SECTION I of the test).

Section II

National and International regulations applicable to the operation of amateur radio station

and those relating to the working of station generally.

Part II - Morse Code
Section I

Morse code receiving.

Section II

Morse code sending.

Detailed Syllabus

Amateur Radio Operator’s Grade I & II Certificate Examination

Part-I

Section I : Radio Theory and Practice

Elementary electricity and magnetism
Elementary theory of electricity, conductors and insulators, units, Ohm's law, resistance in-
series and parallel, conductance, power and energy, permanent magnets and electromagnets
and their use in radio work; self and mutual inductance; types of inductors used in receiving
and transmitting circuits, capacitance; construction of various types of capacitors and their
arrangements in series and/or parallel.

Elementary theory of alternating currents
Sinusoidal alternating quantities-peak, instantaneous, RMS, average values, phase; reactance,

impedance; series and parallel circuits containing resistance, inductance, capacitance; power

factor, resonance in series and parallel circuits; coupled circuits; transformers for audio and

radio frequencies.
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Thermionic valves
Construction of valves; thermionic emission, characteristic curves, diodes, triodes and multi-
electrode valves; use of valves as rectifiers, oscillators, amplifiers, detectors and frequency
changers, power packs, stabilization and smoothing.

Elementarytheoryandconstructionof semiconductordevicesDiodes
and Transistors.

Radio receivers
Principles and operation of TRF and super-heterodyne receivers, CW reception, receiver

characteristics-sensitivity, selectivity, fidelity; adjacent channel and image interference; AVC

and squelch circuits; signal to noise ratio.

Transmitter
Principles and operation of low power transmitter; crystal oscillators, stability of oscillators.

Radio propagation
Wavelength,frequency,natureandpropagationofradiowaves;groundandskywaves;

skip distance; fading.

Aerials
Common types of transmitting and receiving aerials.

Frequency measurement
Measurementoffrequencyanduseofsimplefrequencymeters.

SECTION II : Radio Regulations

u Knowledge of :
u the Indian Wireless Telegraph Rules, 1973; and
u the Indian Wireless Telegraphs (Amateur Service) Rules, 1978.
u Knowledgeof InternationalRadioRegulationsas relating totheoperationofamateur

stations with particular emphasis on the following:
Designation of Emission, Nomenclature of the frequency and wavelength, Frequency
allocation to amateur radio service, Measures against Interference, Interference and tests,
Identification of stations, distress and urgency transmissions, Amateur Stations, Phonetic
alphabets and figurecode.
- Standard frequency and time signal services in the world.

-The following 'Q' codes andabbreviationswhich shall havemeaning as assigned to
them in the International Telecommunication Union (ITU) convention :

QRA, QRG, QRH, QRI, QRK, QRL, QRM, QRN, QRQ, QRS, QRT, QRU, QRV, QRW, QRX, QRZ,
QSA, QSB, QSL, QSL, QSO, QSU, QSV, QSW, QSX, QSY, QSZ, QTC, QTH, QTR and QUM.

Telegraphic (Morse code) abbreviations: AA, AB, AR, AS, BT, C, CFM, CL, CQ, DE, K, KN, NIL,
OK, R, TU, VA, WA, WB.



The written examination for Grade II licence is of one hours duration. The maximum
number of marks is 100. Candidates must secure at least 40 per cent in each section and 50
per cent in aggregate to pass. The syllabus for Grade I licence is the same as that for Grade II
licence, but the written examination for Grade I licence is of two hours duration. The
maximum number of marks is 100 and candidates must secure at least 50 per cent in each
section and 55 per cent in aggregate for a pass.

Part II : Morse Code

u Section I : Morse Receiving (Speed: 5 words per minute)

The test piece will consist of a plain language passage of 125 letters, five letters counting as
one word. Candidates are required to receive for five consecutive minutes at the speed of 5
words per minute from a double headgear headphone receiver, international Morse code
signals from an audio frequency oscillator keyed either manually or automatically. A short
practice piece may be sent at the prescribed speed before the start of the actual test.
Candidates will not be allowed more than one attempt in each test. The test may be written
in ink or pencil butmust be legible. Bad handwriting and over-writing will render a candidate
liable to disqualification. More than five errors will disqualify a candidate.

u Section II : Morse Sending (Speed: 5 words per minute)

The test piece will consist of a plain language passage of 125 letters, five letters counting as

oneword. Candidates are required to send on an ordinary key for five consecutiveminutes at

the minimum speed of five words per minute. A short practice piece may be allowed before

the actual test. Candidates will not be allowed more than one attempt in the test. Efforts

should be made to correct all errors. However, more than five uncorrected errors will

disqualify a candidate. The accuracy of signaling, correct formation of characters and the

correctness of spacing shall be taken into account.

A candidate is required to pass both in Part I and Part II. In the case of candidates
qualifying in Part I only, the licence shall be restricted to radiotelephone operations in the
VHF ham bandonly.

Morse Code test for GradeI

Receiving-(Speed: 12 words per minute)

The test piece will consist of a plain language passage of 300 characters which may comprise

letters, figures and punctuation (punctuation are indicated below). The average words shall

contain five characters and each figure and punctuation will be counted as two characters.

Candidates are required to receive for five consecutive minutes at a speed of 12 words per

minute. Other conditions are the same as applicable to Grade II Examination.

Punctuations

Full stop, Comma, Semi-colon, Break sign (BT), Hyphen and Question mark.



Sending-(Speed: 12 words per minute)

The test piece will be similar to Morse receiving test. Candidates are required to send for five

consecutive minutes at a speed not less than 12 words per minute. Other conditions are the

same as applicable to Grade II examination.

A candidate is required to pass both in Part I and Part II simultaneously.

Advanced Amateur Station Operators' Examination

Part I-Written Test

(a) Section 1: Radio Theory and Practice

InadditiontothesyllabusprescribedforGradeIIExamination,followingitemsshallbe
included in the syllabus of Advanced Amateur StationOperators' Examinations :-

u Motorsandgenerators:Elementaryprinciplesandconstructionofalternators,motorsand
generators.

(ii) Alternating current: Construction of transformers, transformer losses, transformer as a

matching device.

u Measuring instruments: Moving coil and moving iron meters, frequency meters.

u Semiconductor devices and transistors: Elementary principles of

conduction and construction, symbols, biasing methods.

u Power supplies: Half-wave and full-wave rectifiers, smoothing and regulation,

bridge rectifier.

u Modulation: Principles of frequency modulation.

u Transmitters and receivers: Elementary principles of transmission and reception of
facsimile and television signals, elementary principles of transmitters and receivers
employing single side band.

u Propagation: Characteristics of ionosphere and troposphere. Properties of different

reflecting layers, optimum working frequency, day and night frequencies.

u Aerials: Principles of radiation, aerials for different frequency bands including
aerials formicrowave.

u Space communications: Elementary principles of communication via satellite.

(b) Section 2: RadioRegulations

Syllabus is same as prescribed for Grade II Examination. The test is of 3 hours duration. The

maximum number of marks is 100 and candidate must secure at least 50 per cent in each

section and 60 per cent in aggregate for a pass.



Part II- Morse Code

Syllabus is same as prescribed for Grade I Examination.

u Question and Answer Section on Amateur Radio Rules & Regulations

Q. What do you mean by 'Amateur Radio Service'?

'Amateur Radio Service' is a two-way radio communication service available to persons who
are licensedby the communicationauthority tocarry out experimentation in the field of radio
communication techniques. The Indian Wireless Telegraphs (Amateur Service) Rules 1978
defines 'Amateur Service' as "a service of self training, inter-communication and technical
investigations carried on by amateurs that is, by persons duly authorised under these rules
interested in radio technique solelywith apersonal aimandwithout pecuniary interest".

Q. What types of messages are forbidden to be transmitted from an amateur radio station?

A ham radio operator is allowed to transmit in plain language (Morse Code, RTTY, Packet
radio etc. included) and hismessage shall be of a technical nature related to tests, remarks of
personal characterwhich arenot related tobusiness affairs or transactions.He is forbidden to
transmit:
u Messages likethereproductionofbroadcastprogrammesor taperecordings

or transmissions of entertainment value or music.

u False or misleading calls, or signals, news, advertisements, communications
of business, statements on topics of political or industrial controversy.

u Superfluous signals or any matter which is indecent or of obscene character or of a
seditious tendency or which is grossly offensive or such as is likely to arouse racial,
religious, or communal animosity; and

u Messages for pecuniary reward or any messages for, or on behalf of third

parties (i.e. non-amateurs).

Q. Is third party communication allowed in India in 'Amateur Radio Service'?

Third party messages originating from a non-amateur or meant for a non-amateur are not

allowed in India, except in case of failure of normal telecommunication facilities during

earthquake, flood, cyclones, widespread fires or during any other disasters. Under such

circumstances, a hamradio operator can handle third partymessages pertaining to disasters.

Suchmessages should originate from or addressed to a competent civil authority namely, (a)

district magistrates or deputy commissioners or collectors of the district and (b) any other

officer authorized by the authorities mentioned at (a) above.

Q. What is 'Secrecy of Correspondence'?

If any message which the ham radio operator is not entitled to receive is, nevertheless
received, the ham radio operator shall not make known or allow to be known its contents, its
origin or destination, its existence or the fact of its receipt to any person (other than duly
authorized officer of the central government or a competent legal tribunal) and shall not



reproduce in writing, copy or make any use of such message or allow the same to be
reproduced in writing, copied or made use of.

Q. What is a 'Ham Radio Net'?

A ham radio net is a voluntary radio communication network formed under the initiative of a

few hams which is maintained at scheduled time/times of the day (everyday or at scheduled
days). The heart of the net is the 'net controller', who takes messages from the hams joining

the net and pass it on to its respective destination. Different nets may have different

objectives. For example 'Air NET India' is the National Emergency Traffic (NET) net run by the

Amateur Radio Society of India (ARSI). This net is conducted everyday from 7:00 PM or 7:30

PM on 14.150 MHz ± QRM to handle any emergency medical traffic, other emergency traffic

and to check the radio wave propagation condition. But one of themain objectives of this net

is to provide the facility to the Indian hams to establish contact between two hams. A ham 'X'

can pass on the request to the 'net controller' regarding his willingness to contact a ham 'Y'.

The 'net controller' then helps both the station to make the contact on a mutually decided

frequency. So every active hams should have the habit of checking into this kind of net

regularly.

Q. What is a distress call?

A distress call is a call given from a ship, aircraft or vehicle indicating that the caller is

threatened by grave and imminent danger, which requires immediate assistance. In

radiotelephony transmission, the distress signal consists of the word MAYDAY (pronounced

as the French expression 'm'aider') spoken three times followed by the words THIS IS and the

identification of the station seeking assistance. A distress message should be followed by the

distress call.

It contains nameof the ship, aircraft or vehicle, position, typeof distress and the type
of assistance asked for including any other relevant information to facilitate rescue operation.

In radiotelegraphy, the distress signal consists of the letters SOS sent in Morse Code
characters .. . _ _ _ . . . (SOS). All these characters should be transmitted three times as a
single signal where dashes are to be emphasized to enable distinguish them clearly from the
dots. A typical distress message may
look like: S0S

SOS SOS CQ CQ CQ DE followed by the call-sign. When the distress traffic is over, the
distress station should end its transmission with the Q-Code. It looks like: SOS CQ CQ CQ
DE 'call-sign' QUMSK.

Q. What action should you take if you receive a distress call?

The distress call has absolute priority over all other transmissions. Hence it would be your
utmost duty to
ulisten tothedistress call andstopyour transmissions if youwerepreviouslyoccupying

that frequency;



uacknowledge receipt of thedistressmessage if the station in distress cancopy your
signal.

u At the same time, it would be your duty to ensure that your transmission does not
interferewith transmissionsof other stations,whichmaybebetter situated to render
assistance.

uEven if you cannot render assistance, you should direct the attention of other stations
in the nearby frequencies, because they might be in a position to render immediate
assistance.

uYou shall also try to inform theappropriate authorities,whomight beable to conduct
a rescueoperation.

Q. What is an 'Urgency Signal'?

Urgency signal is a wireless message which indicates that the calling station has a vary
urgentmessage to transmit concerning the safety of a ship/vehicle or that of a person but
the message cannot be ranked as distress message.
Obviously, the urgency signal should be given priority over all other transmissions except

distress call.

In radio telephony, the word PAN is repeated three times pronouncing it as the
French word 'panne'. Other procedures to be followed in this type of traffic is same as
that in distresstraffic.

In radio telegraphy, the urgency signal consists of the group XXX ( _ . . _ _ . ._ _ . . _ )

sentslowlythreetimes.Lettersofeachgroupshouldbeclearly separatedfromeachother.

Theurgency signal transmittedbyashipcanbeaddressed toaspecific station.However,a

coast station can transmit its urgency signal to all the ship stations after the approval of a

responsible authority.

Q. What is a 'Safety Signal'?

A safety signal is a message concerned with the safety of ships/vehicles indicating a

meteorologicalwarning (e.g. storm),danger tonavigationwarningorothernavigational-

aidmessage. Safety Signal is an importantmessage because a delay in its transmission or

reception can bring a disaster.

In radio telephony, safety signal consists of theword 'SECURITY'

pronounced as 'say-cure-ity'.

In radio telegraphy, it consists of the three repetitionsof the groupTTT ( ___ ) sent
slowly followedby thestationcall-sign. Lettersofeach successivegroup shouldbeclearly
separated from eachother.

Q.What do you understand by the word 'phonetics' in amateur radio communication?

If we listen to a two-way amateur wireless conversation for the first time in our life, we
would come across certain words, which perhaps we never heard before! There is every



possibility that we mistake these words for some kind of secret codes! These words in
fact are internationally used for plain language

(conversation in secret code language is not allowed in amateur radio communication)

conversation and are known as phonetics.

A ham radio operator has to face different types of hurdles during an ongoing

communication.Theremaybestaticnoise, signal fading, interference fromother station

operating at close frequencies, local noises in the radio room, unusual voice accents of

the other operator, improper pronunciation of words etc.. During these and many other

difficulties, it has been found that use of phonetics improves the intelligibility in

communication. For example, the letter 'D' is represented by the word 'Delta' in

phonetics while the letter 'B' is represented by 'Bravo'. To distinguish 'M' from 'N', hams

use the words 'Mike' and 'November' respectively.

Phonetic alphabet is useful when calling distant station or when the band is

crowded, or when for any reason the station called is expected to have difficulty in

copying voice signals. For example, the word 'Solstice' can be spelt using phonetic

alphabet as Sierra Oscar Lima Sierra Tango India Charlie Echo. A person conversant in

listening to such phonetics gets habituated in spontaneously writing down the exact

word out of these phonetics! He feels more comfortable at writing down amessage spelt

out in phonetics rather than simple mentioning of each letters.

Phonetics are to avoid confusion and not to create confusion! Many letters of the
alphabet sound similar unless very clearly heard. B may be heard as G or D or V. The word
'bed' may be heard as 'bet' or 'pet'. So, if we spell it out with phonetics like Bravo Echo Delta,
the confusion easily gets eliminated! Good operating procedures include using the standard
phonetic alphabet tohelpcommunicatemore clearly. The recommendedphonetics are those
prescribed by the International Radio Regulations. The numbers are spelled differently to
suggest a particular pronunciation. Also, nine was changed to "niner" to avoid confusion with
the German word "nein" for "no". When first making contact with another Ham, it is a good
idea to say call signs in phonetics to give the other side a better chance of understanding
them correctly.

Phonetics used by amateur radio operators

Letter Wordusedasphonetics Spoken as
A Alpha AL FAH
B Bravo BRAH VOH
C Charlie CHAR LEE
D Delta DELL TAH
E Echo ECK OH
F Foxtrot FOKS TROT
G Golf GOLF
H Hotel HOH TELL
I India IN DEE AH
J Juliet JEW LEE ETT
K Kilo KEY LOH
L Lima LEE MAH
M Mike MIKE
N November NO VEM BER
O Oscar OSS CAH



P Papa PAH PAH
Q Quebec KEH BECK
R Romeo ROW ME OH
S Sierra SEE AIR RAH
T Tango TAN GO
U Uniform YOUNEEFORM
V Victor VIK TAH
W Whiskey WISS KEY
X X-ray ECKS RAY
Y Yankee YANK KEY

Z Zulu ZOO LOO

Phonetics used against figures or marks

Figureormark Wordused as phonetics Spoken as
0 NADAZERO NAH-DAH -ZAY-ROH
1 UNAONE OO-NAH-WUN
2 BASSOTWO BESS-SOH-TOO
3 TERRATHREE TAY-RAH-TREE
4 KARTEFOUR KAY-TAY-FOWER
5 PANTAFIVE PAN-TAH-FIVE
6 SOXISIX SOK-SEE-SIX
7 SETTENSEVEN SAY-TAY-SEVEN
8 OKTOEIGHT OK-TOH-AIT
9 NOVENINE N0-VAY-NINER
Decimalpoint DECIMAL DAY-SEE-MAL

Full stop STOP STOP

Q. What are Q-codes?

A 'Q-code' consists of three letters starting with the letter 'Q'. Q-codes are devised to

facilitate faster communication in Morse code. Instead of sending a long sentence, the

amateur radio operator can just send a combination of three letters to represent a long

sentence. If the amateur radio operator asks something to his fellow operator, then the Q-

code is followed by a question mark. If the Q-code is used to represent a statement (not a

question), then it is not ended with a question mark. For example, if you want to ask your

friend on the air whether he is busy (Are you busy?), the Q-code will be 'QRL?'. If you want to

say that you are busy, send 'QRL'. There are nearly 100 Q- Codes used by the marine radio

operators. We have mentioned below the Q-codes required to be learnt by an amateur radio

operator. Q-codes are very often used during the voice communication also.

QRA? What is the name of your
station? QRA The name of my
station is……..
QRG?Will you tellmemyexact frequency (or, thatof……)?
QRG Yourexactfrequency (or, thatof…..) is….kHz (or
MHz). QRH? Does my frequency vary?
QRH Your frequency varies.



QRI? How is the tone of my transmission?
QRI Thetoneofyour transmission is: (1)Good. (2)Variable. (3)
Bad. QRK? What is the readability of my signals (or, those of….)?
QRK Readability is: (1) Unreadable. (2) Readable now and then. (3)

Readable with difficulty. (4) Readable. (5) Perfectly readable.

QRL? Are you busy?

QRL Iambusy(or,busywith…….).Pleasedonot

interfere. QRM? Are you being interferedwith?

QRM I am being interfered with.

QRN? Are you troubled by static

noise? QRN Iamtroubledbystatic

noise.

QRQ? Shall I send faster?

QRQ Send faster (…. wpm)

QRS? Shall I send more slowly?

QRS Send moreslowly.

QRT? Shall I stop sending?

QRT Stop sending

QRU? Have you anything for

me? QRU I have nothing for
you.
QRV?Are you ready?
QRV I am ready.
QRW? Shall I inform……that you are calling himon……kHz?
QRWPlease inform…….That I am calling himon….. kHz.
QRX? When will you call me again?
QRX Iwill call you again at.......hours.
QRZ? Who is calling me?
QRZ You are being called by.
QSA? What is the strength of my signals (or those of ……)?
QSA Your signals are (1) Scarcely perceptible. (2) Weak. (3) Fairly good. (4) Good.

uVery good.
QSB? Are my signals fading?
QSB Your signals are
fading.
QSL? Can you acknowledge
receipt?QSL I amacknowledging
receipt.
QSO? Can you communicate with......direct or byrelay?
QSO I can communicate with …. Direct or by relay through …….
QSU? Shall I send or reply on this frequency (or, on….kHz)(with emissions of

class…)?
QSU Sendor reply on this frequency (or,on….KHz) (withemissions of
class….). QSV? Shall I senda series of 'V's on this frequency (or,….KHz).



QSV Send a series of 'V's on this frequency (or, ……kHz).
QSW?Will you send on this frequency (or, … kHz)(with emissions of class …)? QSW I am
going to send on this frequency (or, …..kHz) (with emissions of class

….).
QSX?Will you listen to….(call-sign)on…..kHz?
QSX Iamlisteningto…(call-sign)on…..kHz.
QSY? Shall I change my transmission to another
frequency? QSY Change your transmission to
another frequency.
QSZ? Shall I send each word or group more than once? QSZ
Send each word or group twice (or, …..
times). QTC? Howmany telegrams have you to send?
QTC I have….. telegrams for you (or, for ……).
QTH?What is your position in latitudeand longitude (or, according to any

other indication)
QTH Mypositionis…latitude……longitude(or,accordingtoanyother

indication).
QTR? What is the correct time?
QTR The correct time
is …..hours. QUM? Is the distress
traffic ended? QUM The distress
traffic isended.

Q. What are the designation of emissions allotted to amateur radio service?

The most common designation of emissions, which are allotted to hams, are:

A1A : ContinuousWave (CW) Double side-band telegraphy for aural reception which contains
quantized digital information without the use of modulating sub-carrier. (allotted to
Grade II , Grade I and Advanced Grade Licence holders)

A2A: ContinuousWave (CW) Double side-band telegraphy for aural reception, which contains
quantized digital information with the use of modulating subcarrier.

A3E: Double side-band single channel analog transmission containing telephony (including
sound broadcasting). Commonly known as AM (Amplitude Modulation).

H3E: Single side band, full carrier single channel analog transmission containing telephony
(including sound broadcasting).

J3E: Single side band, suppressed carrier single channel analog transmission containing
telephony (including sound broadcasting).

R3E: Single side band, reduced or variable-level carrier single channel analog transmission

containing telephony (including sound broadcasting).

F3E: Frequency modulated single channel analog transmission containing telephony

(including sound broadcasting).

F1B: Frequency modulated single channel telegraphy transmission containing quantized digital

information for automatic reception.

F2A: Frequency modulated single channel telegraphy transmission containing quantized
digital information for aural reception.



F2B: Frequency modulated single channel telegraphy transmission containing quantized
digital information with modulating sub-carrier for automatic reception.

F3C: Frequency modulated single channel analog facsimile transmission.

A3C: Amplitude modulated double side-band single channel analog facsimile transmission.

A3F: Amplitude modulated double side-band single channel analog video
transmission.

Eachletter/digitofthedesignationofemissionrepresentindependentmeaningas

assigned to them.

Q.Whatare thefrequenciesallottedtoaGrade-I licenceholder in India?Howmuchpower is

allowed to a Grade-I licence holder?

The radio frequencies allotted to a Grade-I licence holder in India are:

Short wave/High VHF/UHF/S

Frequencies (HF) :1820- HF: 144-146

1860 kHz MHz
3500-3700 kHz 434-438 MHz

3890-3900 kHz 1260-1300

7000-7100 kHz MHz

14000-14350 kHz 3300-3400

18068-18168kHz MHz

21000-21450 kHz 5725-5840
24890-24990 kHz MHz

28000-29700 kHz

In India,aGrade-I licenceholder is allowedtouse150watts in theHFbandsand25

watts in the VHF/UHF bands.

F. Radio Telephony Operating Procedure

Once you get your ham radio licence and the call-sign, it is time for you to start transmission.
Radio waves are now-a-days a precious commodity and so the ham should not misuse them
for his/her own ends. It is the duty of the ham to know the correct operating procedure. If a
newly licensed ham radio operator is ignorant about the correct operating procedures, he
may create nuisance in the band. A ham should also be aware about the International
Operating Code devised by Paul M. Segal.

Code for a ham radio operator

uTheham isconsiderate.He/sheneverknowinglyuses theair (radiowaves) in sucha
way as to lessen the pleasure of others.

uThehamis loyal.He/sheoffershis/her loyality,encouragementandsupportto
his/her fellow hams, his/her local clubs.

uThehamisprogressive.He/shekeepshis/herstation(radioequipment)abreastof
science. It is well-built and efficient. His/her operating practice is above reproach.



u The ham is friendly. Slow and patient sending when requested, friendly advice and
councel to the beginner, kindly assistance, co-operation and consideration for the
interests of other; these are the mark of the ham spirit.

uThe ham is balanced. Radio is his/her hobby. He/she never allows it to interfere with any
of his/her duties he/she owes to his/her home, his/her job, his/her school or
community-and lastly his/her knowledge and his/her radio station are always ready for
the service of his/her country and his/her community.

Calling another station

A call may be given to another station either in voice or using the Morse code. But before

giving a call, it is the duty of the ham to checkwhether the frequency he/she is going to use is

already in use by other ham/s or not. Even though a particular frequency seems to be idle, it

may not be so. Because, there may still be a ham sending his message whose signals are in

skip with us (see questions & answers related to radio wave propagation) and another ham at

a different location is listening to him. Giving a transmission in the same frequency in such a

situation may interfere with the ongoing communication. So, prior to transmission, it should

be ascertained by sending the message-“Is the frequency in use?”. This should be repeated

two more times and if no reply is received, we can occupy the frequency. After occupying a

frequency, we can give a ‘General Call’ or a ‘Directional Call’. A ‘General Call’ is a call given to

all the stations. This means that you will reply to anybody from any part of the world. The

message sounds like –“CQ CQ CQ this is Victor Uniform Two…. (your call-sign suffix in
phonetics) calling CQon

20 metre and standing by”. The ‘CQ’ message may be repeated for three time before giving

the ‘standing by’message. As you ‘stand by’, listen carefully for any possible reply. If no reply

is received, you can continue giving your CQ call. There is also a ‘Directional Call’ which is

directedtoaparticularcountryoraparticular station.Acall directed toaparticularcountry is

like-“CQ Japan CQ Japan CQ Japan this is Victor Uniform Two …….”. This means that you will

reply

to stations fromJapanonly. Acallmaybedirected toaparticular station also. In this case, the

country name is to be replaced with the intended station ‘call-sign’. A person with the true

ham spirit does not adhere strictly to his directional call, and as such should not deny reply to

a ham from another country replying to his directional call (in the above example) until and

unless he is in real emergency. Also there is nothing official about aham radio operation.Ham

radio operators also form net. When a net is going on, you can also join the net once

somebody in the net ‘pulls you’ into the net. To indicate that youwant to join the net, a short

‘BREAK’ call may be given.

After establishing contact and offering the initial greetings, a signal report should be

given to the other station. Your name (Handle) and location (QTH) should then be spelled out

clearly in internationally accepted phonetics. If the other ham finds difficulty in copying your

voice signal due to poor propagation condition or due to the difference in pronunciation, you

should not loose patience and themessage should be repeated if requested. You can also give

theweather report (WX report) bymentioning the temperature in degrees Celsius. After this,

discussion regarding the antenna system and equipment (called-“Working condition”) begins.

Before closing the conversation with a particular station, 73 message (meaning ‘Best of

Regards’) should be conveyed to the ham and his family and indication should be given



whether you are closing down (going QRT) your station, you are changing your

frequency(QSYing) or you are still occupying the frequency. This will help other stations to

follow you in case they want to make a contact with you. If the conversation takes long time,

both the stations should repeat their call-sign at least at tenminutes interval.

Signal Report in Radio Telephony

When on-the-air contact between amateur radio stations is established, both the stations

exchange signal reports. This gives the idea about how strongly the ham radio stations are

receivingeachother.Fortelephony(voice),ReadabilityandSignalstrengthscaleisdevised.

Readability Scale Signal Strength Scale
R1 Hardly perceptible; S1 Unintelligible; barely

R2
unreadable

Weak; readable now S2
perceptible
Weak signals; barely

R3
and then

Fairly good; readable S3
readable

Weak signals; but can be

R4
but with difficulty
Good; readable S4

copied
Fairsignals

R5 Very good; perfectly S5 Fairly good signals

readable

S6 Good signals

S7 Moderately strong signals

S8 Strong signals

S9 Extremely strong signals

A 59 (5 and 9) report is the best report in radiotelephony. You should be honest in
giving a signal report. Don’t give a good report just to please your friend! There may be some
problem in the antenna system of your friend’s station due to which you are receiving him
poorly. Or there may be some problem in the audio quality of your friend’s transmission.
Under such a situation, giving a false report will just misguide your friend and your friend
may not be able to detect/rectify the fault in his/her system.

G. Radio Telegraphy Operating Procedure

In radio telegraphy contact using Morse Code, the RST (Readability, Signal Strength and
Quality of Tone) system of reporting is followed. Throughout the world, Morse code is still
used very affectionately by thousands of ham radio operators. They make conversation as
fluently as they do in voice using Morse code. In fact Morse Code has many advantages over
voice communication in certain situations, as well as for the sheer joy involved in this art of
communication, which we have discussed in the chapter on Morse code learning. In Morse
code also, either general CQ call or directional call can be given. The calling format is as
follows:

General call:



CQ CQ CQ DE VU2XYZ VU2XYZ VU2XYZ AR PSE K

Specific/Directional Call:

CQ/VU2ABC CQ/VU2ABC CQ/VU2ABC DE VU2XYZ VU2XYZ VU2XYZ AR KN

In Morse code, long words are usually avoided and hence only the abbreviated form
of the words are sent. There are certain Internationally accepted Morse Code abbreviations
which you should remember and use during communication. 'AR' is synonymous to saying
'over' in voice (A voice message should be ended with the word 'over to …..'). 'K' is the
invitation to
transmit which is synonymous to saying 'go ahead' in voice communication. A message ended
with KN indicates that the message was directed to a particular station only. During an
ongoing communication also, the message should be ended with 'KN' which provides the
information to the other stations that communication was already in progress between two
stations. Each sentence of the message should be separated by 'BT'. Given below is a typical
Morse codemessage.

VU2XYZ DE VU2ABC BT TNX FER CALL BT UR RST RST IS 579 BT MY NAME IS..............ES QTH

IS..........BT OK? AR VU2XYZ DE VU2ABC KN

When you finally close your conversation with a particular station, indication should
be given, i.e. the message should be ended with 'VA' (meaning 'over and out with ……). A
typical closing message may look like-

u VU2ABC DE VU2XYZ VA. This means that VU2XYZ is now free to communicate with

other stations.

The RST System

Readability Signal Strength Tone
R1-Unreadable S1-Faint, signals barely T1-Extremely

rough hissing

note
R2-Barely readable, S2-Very weak signals T2-Very rough ACnote,

occasional no trace ofmusicality

words

distinguishable
R3-Readablewith S3-Weak signals T3-Rough. Low-pitched

considerable AC note,

difficulty slightly musical
Readability Signal Strength Tone

R4-Readablewith S4-Fair signals T4-Rather rough AC
practicallynodifficulty note,

moderately musical
R5-Perfectly readable S5-Fairly good signals T5-Musically modulated

note



S6-Good signals T6-Modulated note,
slight

trace ofwhistle
S7-Moderately strong T7-NearDCnote,
signals smooth

ripple
S8-Strong signals T8-Good DC note, just

trace ofripple
S9-Extremely strong T9-PurestDC note

Abbreviations used in Radio Telegraphy (Morse Code)

AA Artficial antenna or all after
AB All before
ABT About
AGN Again
ANI Any
ANT Antenna
AR Over
AS Wait
BK Break
BC Broadcast
BCL Broadcast band Listener
BCNU Be seeing you
BT Separation
C Yes
CFM Confirm
CL Closed
CO Crystal Oscillator
CQ General Call
CONDX Conditions
CU See you
CUL See you later
CK Check
CANS Headphone
DE This is
DF Direction Finding
DX Long distance
ECO Electron CoupledOscillator
ERE/HR Here
ES And
FER For
FB Fine Business
FR For
FONE Telephony (voice)
CKT Circuit
GA Go ahead/Good afternoon
CLG Calling



GE Good evening
GM Good morning
CPSE Counterpoise
GLD Glad
GND Ground
GUD Good
HI Laughter
HPE Hope
HR Here
HRD Heard

HV Have
K Go ahead (generalrequest)
KN Go ahead (directionalrequest)
KCS Kilocycles
LID Bad operator
MNI Many
MO Master Oscillator
MCS Megacycles
ND Nothing doing
NW Now
NIL Nothing
OB Old Boy (Young male operator: a novice)

OM Old Man (Male operator: not a novice)
OK All correct
OP Operator
PSE Please
PX Press
QRP Very low power
QSL Received
R Roger (CopiedOK)
RCVD Received
RCVR Receiver
RPRT Report
RPT Repeat themessage
RX Receiver
SA Say
SED Said
SIGS Signals
SWL Short WaveListener
TKS Thanks
TNX Thanks
TX Transmitter
TU Thank you
U You
UR Your/ You are
VA End of work
VY Very
WA Word after
WB Word before



WX Weather
WID With
WKD Worked
WL Will
WUD Would
XMTR Transmitter
XTAL Crystal
XYL Wife
YF Wife
YL Young Lady (unmarried)

73 Best of regards
88 Love &Kisses

Ham terminology

BAREFOOT- A transmitter running without an external linear RF amplifier.

HARMONIC- Daughter or Son of the ham radio operator (just as the harmonic
frequency generated out of the fundamental frequency!)

HANDLE- Name of the ham radio operator TICKET-

The Amateur Wireless Telegraph Licence RIG-

Wireless apparatus HOMEBREWED EQUIPMENT- A

home made apparatus SHACK- Radio room

Part-III

Radio Theory and Practice

A. ElementaryTheoryofElectricity&Magnetism

What is electronics?

Electronics is the field of manipulating electrical currents and voltages using passive and
active components that are connected together to create circuits. Electronic circuits range
from a simple load resistor that converts a current to a voltage, to computer central
processing units (CPUs) that can containmillions of transistors. Electronic devices operate by
themovement ofelectrons through conductors, e.g.wires, andelectronic components.

What are passive components?

Resistors, inductors, transformers and capacitors are called passivedevices. They don’t alter
theirresistance,impedanceorreactancewhenalternatingcurrents(ac)areappliedtothem.

What are active components?

Vacuum tubes, diodes, transistors etc. are called active devices. They change their resistance
or impedance when varying voltages are applied to them and as a result can amplify, rectify,
modify or distort ac waveforms. Passive devices normally don’t distort waveforms.

Matter and electricity



Before going to discuss the different theories related to electricity andmagnetism,wewould

like to give a brief idea about matter. All matter consist of molecules. A molecule can be

definedas thesmallestparticle,whichshowsall thecharacteristicsofaparticularmatter.For

example, molecule of water is obtained by dividing a drop of water again and again until it

cannot be divided and still be water. Further division of this water molecule will yield three

particleswhich are notwater. Molecule of water contains two atoms of hydrogen (H) and one

atom of oxygen (O). A molecule may contain one atom or more than one atom. An atom can

be further divided into three particles knownas protons, electrons and neutrons. Protons and

electrons are the particles possessing electrical properties whereas neutron is electrically

neutral.

Electrons are the negatively charged particles, which revolve around the positively

charged protons (which constitute the nucleus of an atom along with neutrons). Proton is

about 1800 times heavier than electron. There is always attraction between unlike charges.

Because electron is much lighter than proton, hence it is pulled towards the proton. If the

force of attraction is enough, then the electron comes too closer to the proton and both the

particles together form a neutral particle to be known as neutron. Atoms, of all elements,

except hydrogen contain one or more neutron in their nucleus.

The electrical charge of an electron can be explainedwith the help of an imagination
that there exist lines of forces, which are outward pointing. Though the size & weight of
electron and proton varies significantly, the negative field of an electron is just as strong
negatively as the positive field of a proton is positive. Small though it is physically, the field
near the electron is quite strong. The strength of the field varies inversely with the distance
squared.

Though electrons and protons have different kind of charge in them, both have
charges of equal magnitude. An electron (negatively charged) repels another electron, while a
proton (positively charged) repels another proton. So the basic physical law states:
”Like charges repel; unlike charges attract”.

What is charge?

When the electrons are storedup andnotmoving, there is no current, but there is charge. The
amount of charge ismeasured in terms of ‘coulomb’.One coulomb is equivalent to 6.28 x 1018

electrons.

What is current?

Atoms of a metal form a crystal lattice, and in the spaces between the lattice points free

electronsmove chaotically,wandering aimlessly here and there. But it is enough to connect a

metal plate to the two poles of a voltage source for the electrons immediately to acquire an

aim.Theywillmovetowardsthepositivepoleof thebattery, andanelectriccurrentwill begin

to flow in themetal. An electric current can also flow in a gas. A voltage applied across a gas-

filled tube causes ionization of the gas: free electrons stream towards the plate withthe

positive potential, colliding with the atoms in their way and detaching electrons from their

orbits. The positive ions move toward the opposite end of the tube.



Current is the rate of flow of charge, i.e., the number of coulombs flowing past a point per

second. Its unit is ampere (A) or amp. One amp is equal to one coulomb per second.

What is voltage?

Voltage is also called potential (Potential is defined as the work required from some energy
source in moving a unit positive charge between two points in an electric field), potential
difference, potential drop, or electromotive force-EMF. It is the electronic potential energy
between two points, and is the driving force that causes charge to flow. Its unit is volt (V).
One volt is defined as the potential difference that requires one joule of energy to move one
coulomb of charge. Voltage is always measured relative to some other point in a circuit, e.g.
the potential across a resistor. Voltage measurement made at a single point in a circuit are
made relative to the earth (ground),which is assigned an “absolute” voltage of zero.

Types of Electricity

Direct Current (DC)

The direct current flows in one direction in a circuit. DC voltage has a fixed polarity (e.g. a

battery or an electrical cell) and the magnitude of the voltage remains constant. In an

electrical circuit, the flow of electric current is indicated by an arrow mark originating from the

positive terminal of the battery towards the negative terminal of the battery. This is the

conventionalmethod of showing the direction of current flow. But the real direction of

electron flow is from the negative terminal of the battery to the positive terminal.

Alternating Current (AC)

Alternating current flows first in one direction for one-half cycle and then in the opposite

direction during the other half cycle. The same definitions apply to alternating voltage. AC

voltage switches polarity back and forth. AC voltage/current has a wave-form which

represent the frequency of the source. The wave-form of the household ac is known as the

‘sine’wave.Themagnitudeof theA.C.voltagechangeswithtime.AC isobtained fromA.C.

generators.

Advantage of AC

Heat is developed in all type of electrical circuits due to the flow of electric current. The
magnitude of the D.C. being constant produces more heat in a circuit compared to the heat
produced by an A.C. In long distance transmission lines, large amount of power will be
dissipated in the form of heat if D.C. is used which can be reduced by the use of A.C.



A.C. Voltage can be measured in four different ways.

Peak Voltage

The value or amplitude of an A.C. voltage never remains constant. With an initial voltage of
zero, theamplitude rises to apeakvalue,afterwhich it again falls back tozero.After reaching
zero, the direction of the current changes and the voltage rises to its negative peak. Peak
voltage measurement is necessary to ensure or know that the amplitude of the A.C. voltage
does not exceed a limit.

Instantaneous Voltage

It is also called the average voltage. The voltages, if measured, at different points of the half
cycle of the sine wave will be the instantaneous voltages. But practically it is not possible. So
one way to denote instantaneous voltage is to take the average voltage. In a sine wave A.C.
voltage, the average voltage can be found out bymultiplying the ‘peak voltage’ by a constant
(value of the constant can be worked out to be equal to 0.367).

Root-Mean-Square Voltage

Measuring an A.C. voltage involves the use of a meter which measures AC Voltage in terms
of howmuch DC voltage it would take to have the same effect in a circuit. Since duringmost
of the cycle the AC has a value less than the value at its peak, or for that matter, than of a
constant DC voltage, it will not be able to produce as much heat (in a heating element) as
produced by the same amount of DC voltage. Power being proportional to either E2 or I2

(P=E2/R=I2R), if all the instantaneous values of a half cycle of sine-wave current (or voltage)
are squared and then the average, or mean, of all the squared values is found, the square
root of thismeanvaluewill be 0.707 of thepeak value. This root-mean-square, or rms, value
represents how effective a sinusoidal AC will be in comparison with its peak value.

TheRMS value is the value of voltage of an AC source, the power consumedby

whomis the sameas byad.c. voltage.That is, it is theeffective value (Veff) of asine-

wave voltage found from the formula: Veff=Vmax X 0.707

Effective Voltage

In a domestic AC supply, 230 volts is actually the effective voltage (Veff). The actual



voltage or the peak voltage (Vmax) of the supply is : Vmax = Veff /0.707 =325 volts. Or, to
determine a peak value of AC that will be as effective as a given DC, it is necessary to
multiply the effective value given by the reciprocal of 0.707 (1/0.707), which is 1.414.

Magnetism

What is a magnet?

A piece of iron, nickel, cobalt, steel, alloy (e.g. alloy made from non-magnetic copper,

manganeseand aluminum)etc. usually in the formof abar having properties of attracting or

repelling iron and othermaterials which contain iron is called amagnet. Butwhat gives it its

force is not completely known. One of the theories to describemagnetism is the-“Theory of

Domains”. It says that materials that can be made into magnets have many tiny crystal like

structures called domains. Each domain ismade up of many atoms. Each domain has a small

magnetic force of its own. When the material is not magnetized, the domains are

haphazardly arranged- pointing in all directions-so that their tiny forces cancel each other.

Tomake thematerial into amagnet, the domains need to be lined up so that their individual

magnetic forces all help each other pull the sameway.Whenmost of the domains line

up, themagnet becomes strong.When all of the domains line up in one direction, themagnet
is saturated. It cannot bemadeany stronger regardless of howmuch you try tomagnetise it.

In a magnetic bar, there are two poles: North and South. They are marked as ‘North’
and ‘South’ poles because, when themagnetic bar is suspended horizontally, one of the ends
will always point towards the Earth’s geographical north and the other pole towards the
Earth’s geographical south. This is because of the fact that theEarth itself behaves like ahuge
magnet. In amagnet, the like poles repel and theunlikepoles attract-a reason for the specific
alignment of themagnetic bar. Themagnetic bar is surrounded by the invisible lines of forces
which originate from the ‘North’ pole and terminate in the ‘South’ pole.

Ferro-magnet

Iron, nickel and

Ferro-magnetic

the influence

Ferromagnetic

cobalt (including the alloymentioned above) are considered ferromagnetic.

materials are difficult to be converted tomagnet but oncemagnetized under

of another magnetic field, they cannot be completely demagnetized.

materials are used to make permanent magnets. One of the strongest



permanent magnetic materials is a combination of iron, aluminum, nickel and cobalt called

“Alnico”.

Paramagnet

Materials which get demagnetized once the external magnetic field is removed are

paramagnetic.

Use of Permanent magnets in Electronics

Electricity and electronics cannot be discussed by leaving apart ‘magnetism’ separately.

Permanent magnets are used in electronics to make electric meters, headphones,

loudspeakers, radar transmitting tubes etc. Temporary magnetic materials are also equally

important in electricity and electronics to make devices which may be quickly changed from

being magnetic tonon-magnetic.

Electromagnets

Theflowofanelectriccurrentthroughawirecreatesacircularmagnetic fieldaroundthewire.
This magnetic field has the highest intensity near the conducting wire and the intensity
gradually decreases as the distance from the wire increases. The direction of these magnetic
flux lines can be found by the ‘left hand rule’. If the conducting wire shown below is grasped
by the left hand, the curled fingers point to the direction ofmagnetic flux lines and the thumb
shows the direction of current flow.

If a straight conducting wire is made into a loop giving it a ‘coil’ shape, the small magnetic loops
around the wire overlap each other resulting in amore stronger magnetic field around the whole
coil. The strength of the magnetic field depends on the number of turns in the coil, amount of
current in the coil and the permeability of the corematerial. Air has a permeability of
But iron is more permeable than air and is capable of transferring the magnetic flux line more
efficiently. Based on this principle, electromagnets can bemade. An electromagnet consists of a
coil surrounding a soft iron core. The core remains magnetized so long as there is flow of current
in thecoil. Thedirectionof themagnetic field in acoil canalsobe found by the ‘left hand rule’. If a
coil is grasped in left hand, the curled fingers point to the direction of current flow, the thumb
shows the direction of magnetic flux and N pole of the coil.



Electromagnets have many applications in electronics. Two of the most important uses of
electromagnetism are in transformers andmotors. Electromagnetic relays, electric bells, buzzers are
commonly used electromagnets. Electromagnetic relays are used as switching devices in electrical
and electronic circuits.

Transformers

Transformer is a device which consists of two coils arranged in a way so as to generate a

magnetic coupling effect (the coupling effect is enhanced by winding the two coils on a

common iron core) and thereby transfer electrical energy (AC voltage) from one coil (called

the primary coil) to the another coil (called the secondary coil). A transformer works on the

principle of ‘mutual inductance’ (see page). One of the most useful characteristics of a

transformer is its ability to step-up or step-down of AC voltages. The step-up or step-down

ratio will be proportional to the turns in each coil, i.e.,,

VS = NS/NP X VP

Where, VS = Secondary voltage
NS = Number of turns on
secondary NP =Number of turns
onprimary VP=Primary voltage

Thecurrentsflowingintheprimaryandsecondaryfollowasimilarrelationship,
but in opposite ratio, i.e.

IS = NP/NS X IP

Where, IS = Secondary

current IP =Primary
current

In other words, a step-up in voltage produces a step-down in current and vice versa.



Transformers as Coupling Device

Transformers are very useful to use in radio or audio frequency circuits as coupling devices.

As well as providing coupling, they can act as ‘amplifiers’ to step up an audio or radio

frequency voltage (but not as power amplifiers); and even more important for impedance

(see page )matching. By choosing the proper turns ratio the impedance of a fixed load can

be transformed to any desired higher or lower impedance, within practical limits. This can

be a particularly important requirementwhen coupling transistor radio stages.

For impedance matching, the following relationship applies:

Where,
ZP=Impedance of the transformer looking into the primary terminals
ZS=Impedanceof the loadconnected tothe secondaryof the transformer

Resistors

What are resistors?

A resistor is adevicedesigned to haveadefinite amount of resistance-used in circuit to limit
current flowor to provide a voltage. Resistance (R) is the retarding force in amaterial that
impedestheflowofcurrent.Thepotential(E)neededtoachieveacurrent(I)throughamaterial
that behaves linearly, e.g. conductors and resistors, is given by Ohm’s law:

E=IR
Where, E=emf (in volts,V)

I=intensity of current (in amperes,
A) R=Resistance (inohms, )

So, ifweknowany two values,wecan findout theothervalue.Theabove formulacan
rearranged as shownbelow:

I=E/R or Current in amperes= volts/ohms

From this formula, it is evident that-“Current varies directly as the voltage and inversely as

the resistance”.

Theformulacanalsobearrangedtofindouttheresistance inacircuit if thevoltage

and current areknown.

R=E/I or Resistance in ohms= volts/amperes

Practical Resistors

The resistance of a material depends on four physical factors:
uThe type of material fromwhich it is made. For example copper and silver are very good

conductors of electric current, but iron is six times lesser in its conductivity than them.

u The length (greater the length greater is the resistance).



u Cross-sectional area (greater the cross-sectional area larger the amount of free electron
implying lesser resistance).

u Temperature (except for carbon and other semiconductor materials).

So eachmaterial has a specific resistance inherent in them. The specific resistance of a

material is the number of ohms in a 1 foot long 0.001 inch

diameter round wire of that material at room temperature. Silver has the
leastspecificresistance,i.e.9.75 and nichrome is an alloy, which has
specific resistance as high as 660 .

Wire-wound resistor

Nicrome or german silver wires are wound on a tubular ceramic form to make wire- wound
resistor.Wire-wound resistors are generally available in values from 1 ohms to 300 kiloohms.
Power ratings of this type of resistors vary from 1 to 50 watts.

Carbon resistor

Powederedcarbon ismixedwith abindingmaterial andbaked into small, hard tubeswithwire
attached to each end to make carbon resistors. The percentage of carbon in the mixture
determines the resistance value in ohms. Carbon resistors are generally available in values
from 10 ohms to 22 megaohms. Power ratings of this type of resistors vary from 1/8 watt to 2
watts.

Colour codes of resistors

Carbon resistors are colour coded to indicate their values. Each resistor has four colour bands
on its body. The first band (the band which is nearest to the end of the resistor) is the first
number. The second band is the second number. The third band is themultiplier, i.e. number
of zeros following the second number.

Colour Band 1 Band 2 Band 3

Black 0 0
Brown 1 1 0
Red 2 2 00
Orange 3 3 000
Yellow 4 4 0000
Green 5 5 00000
Blue 6 6 000000
Violet 7 7 0000000
Gray 8 8 00000000
White 9 9 00000000

0

Resistors having values lower than 10 have three colour bands. The third band is
either golden or silver in colour. A golden band indicates that the first two numbers are to be
multiplied by 0.1. A silver band indicates multiplication by 0.01. The tolerance of three band
resistors is 20%. If the golden or silver band is the fourth band respectively, then they indicate
a tolerance of 5% and 10% respectively.



Questions:
uAcircuithasaresistanceof 100ohmsandvoltageappliedacross thecircuit is 20

volts. What is the amount of current flowing through it?

We have, I=E/R or I=20/100=0.2 A (ampere) or 200 mA (milliampere)

uFind out the voltage required to produce 3Aof current through a50 (ohms)

resistor.

We have, IR=E or 3 x 50 = 150 V (volts)

Power and Energy

As mentioned above, heat is developed in the load resistor as a result of current flowing
through it. In absence of the load, a battery despite having the electromotive force (EMF),
cannotproducemovementofelectrons andnoelectricalwork is accomplished.Whenthere is
a loadacross thebattery,movement of electrons takeplace.Theproduct of theEMF (in volts)
andmovementofelectrons (inamperes) givesus theamountof electricalworkaccomplished
whose unit is watt (W).

P=EI

Where P=power (in watts, W)

E=emf (in volts, V)
I=current (in amperes,
A)

So, 1V causing 1Ato flow through a1 resistor produces 1Wof power.The

above formulacanalsobeexpressedasP=EI=(IR)I =I2R(becausetheohm’s

law states: E=IR)

Or

P=EI=E(E/R)=E2/R (because theohm’s law states: I= E/R)

Questions:

1. Find out the heat dissipated by a 50 resistorwhen 0.25A of current flow

pass through it.



We have, P=I2R or P=0.252 x 50=0.0625 x 50=3.125 W

2. Find out the power dissipated by a 10,000 resistor connected across a

voltage source of 250 V.

We have P=E2/R=2502/10,000=6.25 W

u Find out the maximum voltage that may be connected across a 20 W, 2000 resistor.

We have, P=

E2/R Or , E2=PR

Or,

Or,

E= 200 V

4. Find out the maximum current that can flow through a 100 1 W resistor. We have,

Or,

What are conductors?

Materialswhich allow the flowof electric current through themare called conductors.Metals
are known to be good conductors, with copper and silver among the best. The conductivity of
a particularmaterial depends on the number of free electrons present in it. A conductor may
be a very good conductor, a fairly good conductor or a poor conductor. So, a greater
conductivity or conductance implies lesser resistance and a lesser conductivity implies greater
resistance. So, conductance (conductance is expressed in siemens, S) and resistance (R) are
thesamethingbutfromoppositeviewpoints.Theyaresaid tobereciprocalofeachother, i.e.

R=1/S or S=1/R



So the Ohm’s law can be expressed in terms of conductance by using 1/S in place of R in
the three foremulas:

E=IR=I(1/S) orE=I/S

Resistance in series and parallel

Thecircuit shownhere isasimplecircuitwithone loador resistoracrossavoltage

source (e.g. abattery).

The circuit shown below is a series circuit where three resistors are connected one
after another. It is evident from the diagram that there is only path through which current
flows.

The circuit shown below is a parallel circuit where each resistor has its independent

path for the flow of current from the same source of voltage.



The circuit shown below consists of two batteries and three resistors in series. In a

series circuit the sameamount of current flows through all parts of each circuit. The resistors

are connected in series to obtain a greater resistance and it is equal to the sum of the values

of each resistor, i.e. 40 . Two batteries are connected in series in this circuit to obtain the

highest possible voltage which is the sum of the values of each battery, i.e. 20 V.

From the Ohm’s law, the current flowing through this circuit

will be: I=E/R or I=20/40=0.5 A

Precaution

We should be careful while connecting batteries in series, because, the maximum current
possible through the circuit is no greater than the greatest current that the weakest battery
candeliver. If one of the batteries in the above example isweaker than the other and capable
of passing only, say, 0.2 A, it will be overworked, may overheat and the voltage across the
terminal will drop.

In this type of circuit, the voltage that can be obtained across each resistor is called

the ‘Voltage drop’. From the Ohm’s law, the voltage across each resistor can be calculated.

The voltage drop across the 30 resistor is 15 V (0.5 x 30) and the voltage drop across the 5

resistor (each) is 2.5 V. Thus the sum of the voltage-drops is equal to the source voltage

(2.5+2.5+15=20V).

Internal Resistance of batteries

Thebatterymightpossessaninternalresistancewhichistobeconsideredwhilecalculating

thevariousquantities inacircuit. Ifa10Vbatteryhas1internal resistanceandconnected

across a9 load resistor, theamount of current flowing through the circuitwouldbe1A.A

voltagedropof1Vwilltakeplace insidethebatteryandhencethe10Vbatterywillproduce

only 9 V across its terminalswhen connected to the 9 load.When the circuit is open (no

currents flowing through it), the voltage across the battery would be 10 V.

Resistors in parallel circuit



The circuit shown above is a circuit where two resistors are connected in parallel across the

voltage source.Obviously, there are twopaths for the flowof current.One part of the current

flows through R1 and the other part flows through R2. Since total conductance St of a circuit

is equal to the sum of all the conductances connected in parallel, the formula can be

expressed as:

St=S1+S2

Or St=1/R1+1/R2

Or 1/Rt=1/R1+1/R2

The above equation is made into a pair of fractions by placing a 1 over both sides,

Calculation in a complex circuit



The circuit shown above seems to be a complex circuit. By looking at the arrangement of

theresistors,theirvaluescanbecomputed insimplesteps.As indicatedabove,calculateas

per the steps shown [e.g. step (a), step (b)…..]

Step(a):15 & 5 resistors are arranged in parallel imparting a value equivalent to
3.75

Step(b):3.75 + 20 =23.75 (arranged inseries)

Step(c):6.67 (arranged inparallel)

Step(d):23.75 &6.67 are arranged in parallel. The equivalent value is 5.20

Step (e): 5.20 + 10 in series, i.e. 15.20

Step (f): 10 and 15.20 are inparallel, i.e.6.03 and

finally, 10 + 6.03 are in series. The equivalent value is 16.03 .

What are insulators?

Thematerialswhichdonotallowtheflowofelectriccurrentthroughthemarecalled
insulators. Glass, porcelain, dry air and drywood arewell known insulators.

Inductors

Self-Inductance

Self inductance is the property of a circuit whereby a change in current causes a change in
voltage. Self-inductance is also more simply known as inductance. If ‘L’ is the inductance, then
increasing the value of ‘L’ increases the amount of voltage that is induced in response to a
change in current.Decreasing thevalueof ‘L’ decreases theamount of voltage that is induced
in response to a change in current.

Inductance is measured in units of henries (h). Commonly used engineering units for
inductance are- henry (1 h),millihenry (1mh=1 x 10-3 h) andmicrohenry (1
h=1x 10-6 h).

One henry is the amount of inductance that is required for generating one volt of
induced voltage when the current is changing at the rate of one ampere per second.

Inductance is the property of a coil when it is subjected to AC voltage. It results from
the fluctuation of the current flowing through the circuit. When the current through the coil
builds up, an expanding magnetic field also builds up cutting the turns of the coil resulting in
the formation of a counter voltage in the coil which opposes the flow of the original current.
This property of the coil is known as inductance. Since DC voltage remains constant (except
for the instantwhen the circuit is closed, i.e. the instantwhen the switch ismade on), there is
no fluctuation in themagnetic lines of force produced across the turns of the coil and counter
voltage is not generated. So a coil offers very negligible resistance (that due to the physical
resistance) to the flow of DC current.

Inductive reactance



Inductive reactance is the opposition to AC current flow that is caused by the presence of an
inductor in the circuit. The symbol for inductive reactance is XL. The unit of measure for
inductive reactance is ohms ( ). The amount of inductive reactance in a circuit is proportional
to the applied frequency (f) and the value of the inductor(L).

The equation for calculating the amount of inductive reactance in an ac circuit is

given by:

XL=2 fL

where,
f is the frequency of AC voltage and L is the inductance

Thetotal inductivereactanceofaseriesXLcircuit isequaltothesumofthe

individual reactance.

Inductive reactance in series

XLT=XL1+XL2+XL3+…XLn

Where XLT is the total inductive reactance and XL1, XL2,…. XLn etc. are the

values of individual reactance.

Inductivereactanceinparallel

XLT=1/(1/XL1+1/XL2+1/XL3+1/XLn)



Inductivereactance isanACversionof resistance. In fact, youcanuseOhm'sLawby
substituting XL forR:

VL = ILXL

where:

VL is the voltageacross the inductor in volts ILis the
current through the inductor in amperes XL is the
amount of inductive reactance in ohms

The amount of inductive reactance (XL) changes proportionally with the

applied frequency (f):

-Increasing the value of f causes XL to increase.

-Decreasing the value of f causes XL to decrease.

The amount of inductive reactance (XL) changes proportionally with the

value of inductance (L):

-Increasing the value of L causes XL to increase.
-Decreasing the value of L causes XL to decrease.

Questions:
u What is the value of inductive reactance for an 0.1 H coil that is operating at 1 kHz?

Ans: 628

Use the basic equation: XL=2 fL

3. Whatvalueinductorisrequiredforproducinganinductivereactanceof10 at
1.8 kHz?

Ans: 88.5 µH.



Use this form of the basic equation:

uAtwhatfrequencywill a150mHinductorhavean inductive
reactanceof150 ?

Ans: 159 Hz

Use this form of the basic equation:

4. What is the total inductive reactance of a circuit when XL1 = 150 and XL2 = 75 are in series?

Ans: 225

Equationto findoutinductivereactanceinacircuitwithanumberof inductors in

parallel

Useoneoftheseinverseequationstodeterminethetotal inductivereactanceofaparallel

inductor circuit:

where:

XLT = total inductive reactance
XL1 , XL2 , XL3 , XLn = values of the individual reactance

The procedure for finding the total inductive reactance of a parallel inductor circuit
is identical to finding the total resistance of a parallel resistor circuit.

Thetotalreactanceoftwoinductors inparallelcanbefoundbyapplying
the product-over-sum formula:



Capacitor

Capacitor is a device used to store electrical energy and then release it as current into the
circuit. Its property is just the reverse of an inductor. The capacitance of a capacitor is
measured in Farad.

A capacitor has a capacitance of 1 farad if a 1 Volt difference in potential

results in the storage of 1 coulomb of charge.

1 coulomb = 6.28 x 1018

electronsThecapacitance is,

C=Q/E,

Where, Ciscapacitanceinfarads,
Q is the charge in
coulombs,E is thevoltage
in volts.

Practically farad is a large unit. The smaller units are micro farads (µf) and pico

farads (pf).

When twometallic plates or conductors are separated by an insulator, also known as

a dielectric, they behave like a capacitor. The conductors can be long or short piece of metal

plate or any other conducting material. The insulator between the two conductors which is

knownas dielectriccanbeair,mica,wax-impregnatedpaperceramicetc.Thepropertiesof a

capacitor:

u It stores energy in the form of electrical field

uCapacitance is thepropertyofanelectriccircuit thattends toopposeachangein
voltage.

u It passes A.C. and blocks D.C.



Functioning of a capacitor

A capacitor when connected across a voltage source, an electrostatic field
builds up between the metallic plates. The field builds up due to the accumulation of
electrons on the negative plate and release of electrons from the positive plate until the
capacitor voltage reaches itsmaximum. The capacitorwill be in this charged state as long
as it is connected to the voltage source. After removal of the voltage source, the capacitor
can not loose its charge (theoretically, a perfect capacitor would hold the charge forever,
but in practice, some of the charge leaks out), unless both the plates are connected with
the help of a conducting path. When there is a conducting path, electrons from the
negativelychargedplateflows tothepositiveplateuntilboththeplatesareneutralized.

Capacitor in a DC Circuit

InDCcircuits, thecapacitorwill allowcurrentto flowtill itbecomesfully charged,however

sinceno current can flow through thedielectricmaterial of the capacitor, no current flows

after the capacitor gets fully charged.

Capacitor in an AC Circuit

The AC voltage or current is fluctuating in nature. It is not only fluctuating but also

changing the direction of flow, i.e. the polarity of the AC voltage source keeps on changing

resulting in a charging and discharging of the capacitor. Unlike a DC circuit, here, current

will continue to flow in the circuit (though theelectronsdon’t cross thedielectricmaterial

of the capacitor).

Capacitor in a varying DC circuit

If the voltage source is a varying DC, then also there is continual charging and partial

discharging of the capacitor resulting in an AC current flowing through the circuit. In fact,

the capacitor blocks the DC, but pass the AC component.

Factors that affect capacitance

1. Area of plates : The larger the plates, the higher its capacity to store charges,
i.e. capacitance is directly proportional to the plate areas.

uSpacebetweentheplates:Thecloser theplates,higher is thecapacity toholdcharges,

because, the electrostatic pull on the electrons collected at the negative side of the

voltage source will be more.



Capacitance is inversely proportional to the spacing between plates.

uTypeofdielectric used:Somematerials aremoredielectric thantheothers.Vacuum is
the basic dielectric with which other materials are compared. It is said to be having a
dielectric constant of 1. The dielectric constant of air is slightly more than this (1.0006).
Dielectric constant is the ability of a material to permit the establishment of electric
lines of force between oppositely charged plates. A dielectric (other than air) makes
thepositively charged surface of a capacitor repelmore free electrons and negatively
charged surface acceptmore electrons thanwhenair is dielectric, thus increasing the
capacitance.Thedielectric constant ofmica ranges from5to 9.Dielectric constant of
glass is 4.2.Capacitance is directly proportional to the dielectric constant.

A formula to determine the capacitance of a two-plate capacitor is:

Where

C= Capacitance in
pF K= dielectric
constant
A= area of one of the plates, in
inch2 S= spacing betweenplates,
in inches

The above formula is valid for a two plate capacitor. For a multiplate capacitor,

the formula is:

WhereN=numberofplates in thecapacitor it is seen thata3-platecapacitorhas twicethe
plate area exposed and thus twice the capacitance.

Quantity of charge in a capacitor

Thequantityofcharge inacapacitorcanbefoundfromtheformula:

Q=CE

Where,
Q = charge, in coulombs
u C= capacitance, in F E=

voltage, inV



If a 0.1µF capacitor is charged by a 10 V source, the electron difference will be:

Q=0.0000001 x 10 = 0.000001 C or 10-6 C

10-6 C = 6.25 x 1018 x 10-6 = 6.25 x 1012 electrons

If the charged capacitor is disconnected fromthe voltage source, itwill still retain the

electron difference on its plates (assuming that there is no leakage). Now, if a similar

uncharged capacitor is connected across the charged capacitor, electrons flow from the

charged to the uncharged capacitor and it will get charged to 5 V as a result of distribution of

half amount of electrons into it. Since the other capacitor lost half of its electrons, its voltage

will be reduced to 5 V (now, both the capacitors will be having a voltage of 5 V each) from 10

V. If both the capacitors are reconnected in series, the total voltage-drop across themwould

become 10 V.

Capacitive Reactance

Capacitive reactance is the resistanceofferedby acapacitor to the flowof AC through it. It is
measured in ohms (Ω). The formula to calculate capacitive reactance in a circuit is:

Where Xc = reactance, in Ω
u=frequency, inHz

C= capacitance, in F
Questions:

u Find out the reactance of a 0.002 µF capacitor to a frequency of 2,000 kHz. Solution:

Capacitors in parallel

Capacitors can beconnected inparallel to obtain agreater value.The

formula is: Total capacitance of capacitors in parallel, Ct= C1+C2+C3+…..Cn

While connecting the capacitors in parallel, it should be noticed that the voltage
applied on them does not exceed the voltage rating of the capacitor with the minimum
voltage rating.



Capacitors in series

As shown above, when two capacitors are connected in series, the bottom& top plates of the
respective capacitors are ignored and consequently combined effect of two capacitors of
equal value is to simulate a single capacitorwith half thevalueof a single capacitor, i.e. if two
10 µFcapacitors are connected in series as shownabove,wewill get an effective capacitance
of 5 µF. This is because the circuit sees only two plates (plate a& b) with a dielectric distance
of twice that of a single capacitor (capacitance decreases when distance between plate
increases). It is to benoted thatwhen capacitors of different voltage ratings are connected in
series, the voltage that can be applied to them can be equal or less than the total voltage
obtainedbyaddingvoltagesof eachcapacitor, alternatively,wecan say thatwhencapacitors
in series are connected across voltage source, the sum of the voltage-drops across each of
them will always equal the source voltage.

The formula to calculate the total capacitance of a number of capacitors

connected in seriesis:

Types of capacitors

There are fixed value capacitor as well as variable value capacitors available for electronics
work. Paper,mica, ceramic and polyester capacitors have fixed values.

Paper capacitor

Paper capacitors are made by rolling two metal foils with a strip of paper and then

impregnatingwith a dielectric between them. For high voltage applications, several layers of

papers are used to separate the metallic foils.They are not suitable for use at frequencies

above 1 MHz, which virtually restricts their application to audio frequency (AF) circuits. They



are available in capacities from 0.05 µ F up to 1 or 2 µ F with working voltages from 200 to

1000 volts.

Mica capacitor

Micaisusedasadielectricbetweenthemetallicplatesinthistypeofcapacitors.

These capacitors have excellent high frequency response.

Ceramic capacitor

In this type of capacitor, ceramic is used as a dielectric which has a high dielectric constant.
Ceramic capacitors have good stability with regards to temperature and voltage changes.
They are widely used in miniaturized audio frequency (AF) and radio frequency (RF) circuits.
Their capacities ranges from 1pF to 1 µ F with high working voltage.

ADiscceramiccapacitor A Tubular Ceramic capacitor

Polyester film capacitor

In this type of capacitors polyester is used as a dielectric to impart a high breakdown voltage.
Their capacities ranges from 0.01 µF up to 2.2 µ F. Their low inherent inductancemakes them
suitable for coupling and decoupling applications.

Polystyrene capacitor

These capacitors are made frommetallic foil interleaved with polystyrene film, usually with
fusedpolystyreneenclosure toprovidehigh insulation resistance.Theyprovide good stability
and reliability at high radio frequencies because of their low inherent inductance and low
series resistance. Their values range from from 10 pF to 100,000 pF, but working voltage
generally falls substantially with increasing capacity (as low as 60 volts for a 100,000 pF
polystyrene capacitor).

Electrolytic capacitor

An electrolytic capacitor consists of an aluminum-foil positive plate immersed in a solution
calledanelectrolyte (ionizable solutioncapable of carryingcurrent).Thealuminumfoil is the
positive plate, and the electrolyte is the negative plate, if a liquid can be called a plate. To
makeanelectrical connectionto the liquid,another aluminumfoil isplaced in thesolution.To
prevent the two foils fromtouchingeachother,apieceofgauze is placedbetween them.The
+ve foil is surrounded by a thin oxidized film formeddue to application of a particular voltage
whichacts as thedielectric.Electrolytic capacitors cannotbeused inACcircuits.Their values
range from 1 µ F to 4700 µ F or more with working voltage ranging from 10 volts dc up to 500
volts.



Variable capacitors

Variable capacitors arewidely used in radio frequencyworkwhere it is required to change the
valueof thecapacitor in order to tune the circuit to aparticular frequency.Usually, air is used
asadielectric in this typeof capacitor. Thecapacitance ismade tovaryeither bychanging the
distance between the plates or by changing the plate area exposed. This type of capacitor
may consist of two plate or more than two plates. Metallic gang capacitors and button
trimmers are themost commonexample of variable capacitors. In a trimmer the twometallic
plates are made to vary in their distance with the use of a screw.

Electrical Impedance

Electrical impedance is thetotalopposition tocurrentflowinanACcircuit. It takes intoaccount
all sourcesofopposition. Since it is the total opposition, impedance ismeasured in ohms, justas
resistance and reactances are. If an inductor and resistance are connected in series with a source
of A.C., the impedance of the circuit is:

If XL=4Ω and R=3 Ω

Therefore,

=5 Ω



The impedanceof aseriesR-L circuitcanneverbeequal to orgreater than the sumofXL

and R, nor can it be equal to or less than either XL or R.

Inductance and Capacitance in Series

Whenan inductor and acapacitor are connectedend to end, a series L-C circuit is formed.
If the inductor is a pure inductor and capacitor, a pure capacitor, then the circuit has no
D.C. resistance which is practically impossible. There is always some resistance present in
the circuit. Inductor has inductive reactance, XL and capacitor has the capacitive
reactance, XC. The net resistance present in the circuit is negligible.

If the circuit has an inductance Lof 1henry in serieswith acapacitor Cof 10 µFand the
applied voltage E is 100 volts and frequency is 50 Hertz.

Then,

Inductive reactance XL=2 fL= 6.28 x 50 x 1 = 314 Ω

Capacitive reactance,

The impedance of such circuit is the difference of inductive reactance and capacitive
reactance.

Z=XC-XL=318.5-314 = 4.5 Ω

If XL is greater than XC then the impedance is XL - XC.

Resonant frequency

Resonant circuitsmake it possible to select one frequency fromall others. For example, there
are hundreds of radio stations that broadcast signals strong enough to be received by your
radio receiver. The tuning circuit of the radio receiver accomplishes the task of discarding all
other signals but to allow only the desired signal to be processed. The single frequency at
which the circuit responds best is called the resonant frequency of the circuit. Resonance
occurswhen the inductive reactance becomes equal to capacitive reactance or XL =XC.

Itcanbeachievedbyeithervaryingcapacitanceor inductance. Inaradio receiver, it is

achieved by varying the value of the variable capacitor. A series resonant circuit offers very

little resistance when the circuit operates at the resonant frequency. High current is permitted

to flow through the circuit.

Parallel Resonant Circuit

In the circuit diagram shown below, the part of the circuit between the points ‘a’ and ‘b’ is

called a ‘tank’because the resonant frequencywill be capturedandheld therewhile all other

frequencies are allowed to flow through it. So if the AC source is producing AC current at the

resonantfrequency, thatcurrent isblockedbythetank.Thecurrent isnotpermittedtotravel



from ‘a’ to ‘b’ through the tank. But when the AC source is producing current at any other

frequency, the current can flow from ‘a’ to ‘b’ with little opposition.

Tuning Circuit

Inaradio receiver, theselectionof thedesired frequencyoutofhundredsofother frequencies
is achievedby theuseof resonantcircuit.The resonantcircuitbasically consists ofan inductor
and a capacitor. The frequency of resonance is usually achieved by changing the capacitance
of the variablecapacitor.

In the tuning circuit shown above, all the frequencies captured by the antenna are
passed to ground through the primary coil L1. They will try to cause current flow in the tank
circuit, but only the resonant frequency will be successful in creating a current flow. The
information it carries will be sent to the other radio circuits while the non-resonant
frequencies are practicallyignored.

In the circuit shown above, the condition of series resonance is present but is not
apparent. In this circuit the transformer secondary coil has a capacitor across it with a
reactance of the secondary, forming a resonant circuit. At first glance it appears to be a
parallel-resonant circuit.Theprimarycoil, however, is inducinganACvoltage intoeach turn



of the secondary coil. Theoretically, the secondary may be considered to have a source of AC
inserted in series with its turns.

Filtering

Resonant circuits are used to filter out the desired frequency. A series resonant
circuit allows to pass its resonant frequency while the parallel resonant circuit
(called the tank circuit) blocks the flow of its resonant frequency

‘

Q’ of a circuit

The term ‘Q’ is applied to AC circuits in which inductance and capacitance are involved. It in

fact express the ‘quality’ of the inductor or capacitor and since lesser theohmic resistance of

the coil (inductor), more perfect inductor the coil is, with little loss. ‘Q’ can be found from the

formula:

Q=Xi/R(incaseofcoil);whereXi= inductive reactance,R=Ohmicresistance.

Again,

Xi = 2πfL

Where,

f = frequency,
u =



inductance

Therefore, Q = 2π f L / R ; this shows that the same coil or inductor possesses high ‘Q’ at
higher frequency.

Skin effect

A phenomenon called ‘Skin effect’ also causes loss of efficiency of a coil or inductor. It is
observed that at higher frequencies, electrons flow nearer to the surface of the conducting
wire; sincetheusablecross-sectionalarea lessens, theohmic resistance increases resulting in
a lower ‘Q’.

Prevention of ‘Skin effect’

u By using large diameter wire.
u By silver-plating of the wire used.
u Using fewer turns while making the coil, but increasing the core

permeability; e.g. using powdered iron core.
u By using ‘Litzendraht wire’, an insulated multistrand wire. Several thin strands

have more surface for a given wire diameter than does a solid wire (Litz wire is

effective only up to about 1 MHz)

B. Thermionic Emission &Valves

An electric current can also flow in a gas. A voltage applied across a gas-filled tube causes
ionization of the gas: free electrons stream towards the plate with the positive potential,
colliding with the atoms in their way and detaching electrons from their orbits. The positive
ions move toward the opposite end of the tube.

The most common material used in the construction of a vacuum tube

envelope is glass. The electrode leads pass through a glass bead sealed into an eyelet. The
electrodes in a vacuum tube are supported by insulators such as mica and a variety of
ceramics. The electrodes themselves are commonly made from metals such as nickel, copper,
aluminum, molybdenum, andtungsten.

In thermionic valves the electrons move in a vacuum. An example of such a device is
the diode. The envelope of a diode houses twomain parts which are also called the anode (or
plate) and the cathode. Near the cathode there is a filament or miniature electric heater which
heats the cathode.Most tubes employ heater-cathodes. Aheater-cathode consists of ametal
cylinder coatedwith special oxides that liberate great quantities of electronswhen heated to
a relatively low temperature. In this case an "electron liquid", consisting of electrons that
move chaotically in the very body of the cathode, between its atoms, begin to "boil". This
phenomenon is known as 'electronic emission’. As a result of this emission, a cloud of
"electron gas" is formed round the cathode. If the cathode is now connected to the negative
terminal of a voltage source and the anode, to the positive terminal, the anode will begin
attractingelectrons fromthecloud, "drawing" themawayfromthecathode,andacurrentwill
flow inside the diode. Freedom for the electron proves very short-lived: no sooner does it
escape from the cathode it is immediately attracted by the anode.



A diode is in fact a one-way valve. When the negative terminal of the voltage source
is connected to the anode and the positive terminal to the cathode, the electrons will not be
able to escape the cathode, because it attracts them. But even those that do escape have
nowhere to fly in particular: previously theywere attracted by the anode, now it forces them
back to the cathode. With such a connection no current flows through the diode. This
property of the diode is employed for converting the alternating current to direct current
which is called rectification. The current flowing through a diode is called the plate current.
The flow of plate current can be controlled by two ways: by varying cathode temperature;
and by changing the applied voltage (called the plate voltage). But cathodes are designed to
operatemost efficiently at oneparticular temperature. An increase in plate voltage results in
an increase in platecurrent.Butafteracertainpoint, further increase inplatevoltagewill not
cause any corresponding increase in the plate current. This point is called the saturation point.

Diode valve as a rectifier

As shown in the circuit given below, the source of plate voltage in the plate circuit is a

transformerprovidingan alternating voltage to theplate.Duringonehalf cycle, theplate end

of the transformer-secondary winding may be positive and the cathode end negative. On the

next half cycle the plate end will be negative and the cathode end positive. As described

above, the diode allows only one half cycle of the emf to produce current in the circuit. With

ac plate voltage the plate current is pulsating dc. This one-way-gate effect is a main use of

diodes. A diode is also called a rectifier.

Triode Valve

The introduction of a third electrode (control grid) between the cathode and the anode of a
diode makes it a triode. In the triode, current is controlled by means of a voltage applied
between the cathode and the grid. With a high negative grid potential (with respect to the
cathode), thegrid becomesabarrier for theelectrons.Theywill "crowd" in the spacebetween
the cathode and the grid; the valvewill be cut off, since no currentwill flow from the cathode
to the anode. With a positive grid potential, the grid will help the anode, since its positive
potential will be added to that of the anode. A heavy current will flow through the valve.
However,with too high a positive grid potential the gridmay turn from ahelper of the anode



into its competitor: some electrons will be drawn to it and will not reach the anode. In this
case a harmful grid current appears in the valve. That is why in normal operation the grid is
made to vary only more or less negatively.
Amplification factor of a triode valve

In the circuit shown below, the voltage (-Eg) in the grid circuit is –8 V. Plate voltage (+Ep) is
200 V. Plate current is 3mA. By increasing +Ep by 40 V it is found that plate current increases
from 3 to 7 mA. Returning to the original values, Grid voltage (-Eg) is –8 V, +Ep=200 V, and
Ip=3mA, it is found that if the –Eg value is reduced by 2 V, from –8 to –6 V, the Ip will again
rise from 3 to 7 mA. This indicates that the same Ip change can be produced either by
changing the Ep by 40 V or by changing the –Eg by 2 V. This controlling ratio of 40:2 is equal
to 20. The tube is said to have a (mu) or amplification factor of 20. Thus the grid is found to
be 20 times more effective in changing plate current than the plate voltage.

Triode as an amplifier

In a theoretical circuit comprising a microphone, a transformer, a triode valve with a load
resistance, themicrophone induces a small ac voltage into the secondary of the transformer
and between grid and cathode. With no signal applied to the grid and with 100 V from the
plate supply, the dc voltage-drop across the load resistor Rl might be 75 V. As the input signal
reaches a peak of 1V negative, the current in the plate circuitwill decrease. The voltage drop
across the plate-load resistormight decrease by 12 V, to 63 Vacross the Rl. As the grid voltage
swings to 1 V positive, the plate current will increase, until there is a voltage drop of perhaps
87 V across the load resistor. As grid voltage varies from –1 V to +1 V (a 2 V peak to peak
variation), thevoltageacross the load resistor variesbetween87and63, i.e.24V.Thevoltage
ratioof2:24 indicatesthatacross theplate load resistor, thevoltagevariation is12timesmore
than the variation between the grid and the cathode.



Bias voltage

In the circuit described above, the grid was driven negative and positive alternately. But this
createsdistortion.Toavoid thedistortion, inapracticalcircuit, thegridmayneverbeallowed
to become positive and thus there is no grid current (Ig) from the cathode. This is
accomplished by adding a dc voltage source in series with the grid- cathode circuit. The
negativepotential is applied to thegrid throughthe transformer,and thepositivepotential to
the cathode. The negative dc voltage added in series with the grid circuit is known as the bias
voltage. If a negative 10 V bias is enough to produce plate-current cutoff with a given plate
voltage, then apossible bias voltagewould behalf of this, i.e. 5V for a class A amplifier. It can
accommodate a peak ac emf of 5 V from the secondary of the grid-circuit transformer and
neither cutoff the plate current nor drive the grid into positive region.

C. Semiconductors: Diodes &Transistors

In the early days of electricity there were only two groups of material: insulators and
conductors. Insulators are materials which do not allow the flow of electric current through
them. Glass, porcelain, dry air and dry wood are well-known insulators. Metals are known to
be good conductors, with copper and silver among the best. The conductivity of a particular
material depends on the number of free electrons present in it.

There is another group of material known as semiconductors. Semiconductors like

germaniumandsiliconarebadconductors of electricity in theirpurest form.Butwhencertain

impurities (iridium or arsenic, which have a slightly different atomic structure from that of

germanium or silicon) are added in the form of carefully controlled quantities, either an

increase of free electrons or deficiency of electrons results. A semiconductor is called an n-

type semiconductor where conduction takes place by reason of excess free electrons. A

semiconductor is called a p-type semiconductor where conduction takes place due to freely

moving ‘holes’ (positively charged) which replace electrons displaced by random electron

movement in thematerial.



Whenpieces of p-typeand n-type semiconductors are joined together, ap-n junction
results. Flow of electric current through such a junction is possible only when the positive
pole of the battery (voltage source) is connected to the p-type semiconductor and the
negativepole to then-typesemiconductor. This is called the“forwardbiased”condition.

In this condition, positively charged holes are repelledby thebattery voltage towards

the junction between p and n type material. Simultaneously, the electrons in the n-type

material are repelled by the negative battery voltage toward the p-n junction. Despite the

presence of a potential barrier at the p-n junction, which prevents electrons and holes from

movingacross and combining, under the influenceof theelectric field of thebattery theholes

move to the right across the junction and the electronsmove to the left. As a result, electrons

andholescombineandforeachcombinationofthattakesplacenear the junction,acovalent

bond near the positive battery terminal breaks down, an electron is liberated and

enters the positive terminal. This action creates a new hole which moves to the right toward

the p-n junction. At the opposite end, in the N-region near the negative terminal, more

electrons arrive from the negative battery terminal and enter the n-region to replace the

electrons lost by combinationwith holes near the junction. These electronsmove toward the

junction at the left, where they again combine with new holes arriving there. As a

consequence, a relatively large current flows through the junction. The current through the



external connectingwires and battery is due to that of the flow of electrons. If, however, the

polarity of the battery is reversed, i.e., the positive terminal is connected to n-type

semiconductor and thenegative terminal of thebattery to thep- type semiconductor, thep-n

junctionwill block theelectron flowbybuildingupavoltagebarrier at the junction.Theholes

are nowattracted to thenegative battery terminal andmoveaway from the junction because

of the attraction of the positive terminal. Since there are effectively no hole and electron

carriers in the vicinity of the junction, current flow stops almost completely. Thediode is now

in reverse biased condition. This type of device is called a “solid state diode” or a

semiconductor.

Use of Semiconductor diode

Byexploiting theirproperty ofoneway flowofelectriccurrent, theycanbeutilized toconvert

alternating current to direct current (known as rectification). Without adequate filtering, the

resultant d.c. is pulsating in nature. However, it will be appreciated that a diodewill work in

both a dc and an ac circuit. An example of the use of a diode in a dc circuit (say output side of

a dc power supply) to eliminate any possibility of reverse polarity voltage surges occurring

which could damage transistors in the same circuit.

Thecircuit shownabove is abasic half-wave rectifier circuitpassingonehalfof eachACcycleasDC
and suppressing the other half cycle. The purpose of the capacitor is tomaintain theDC voltage
outputas faraspossiblebydischargingoneach‘suppressed’halfcycle.TheDCoutput in this typeof
circuit is not smooth having a ‘ripple’ at the AC frequency.

The circuit shown above is that of a simple full wave rectifier whose secondary
voltage is halved (because of the center tapping), but the current that can be drawn is
doubled. The capacitor charges and discharges alternately to produce a smoother DC supply.
The ‘ripple’will still be there which will be equal to twice the AC frequency.

The usual form of full-wave rectifier circuit is the bridge rectifier shown below. This

gives approximately the same no-load voltage as a half-wave rectifier with the advantage of



full-waverectificationandbetter smoothing.Asinglehighvalueelectrolytic capacitor isused

for smoothing.

Transistors

The simplest of the transistors are of two types-either p-n-p or n-p-n. Two p-n junction
diodes can be sandwiched back to back to form a p-n-p or n-p-n junction transistor. But in a
practical transistor, the center or n-type portion of the sandwich is extremely thin in
comparisontothep-regions. In the1st illustration,boththep-n junctionsare reversebiased.

In this type of connection, holes in the each of p-region are attracted towards the
negative battery terminal and the mobile electrons in the n-region are initially moved away
fromboth junctions in thedirectionof thepositive battery terminal. Due to thedisplacement
of holes and electrons, there will be no current flow in the external circuit.

In the 2nd illustration, one of the p-n junctions is forward biased, while the other is

reversed biased. In a transistor, the middle layer (here n-region) is called the base, the forward

biased p-n junction is called the emitter junction and the reverse biasedp-n junction is called

collector junction. Due to the positive potential at the emitter junction, the holes in the p-

region cross into the n-region (the base). But this region is very thin and there are very few

electrons with which holes can combine. So, majority of the holes drift across the base into

the collector junction. About 5 per cent of them are lost in the base region as they combine

with electrons. For each hole that is lost by combination with an electron in the base and

collector areas, a covalent bond near the emitter electrode breaks down and a liberated

electron leaves the emitter electrode and enters the positive battery terminal. The newhole

that is formed thenmoves immediately toward the emitter junction, and the process is



repeated. Thus, a continuous supply of holes are injected into the emitter junction, which flow

across the base region and collector junction, where they are gathered up by the negative

collector voltage. The flow of current within the p-n-p transistor thus takes place by hole

conduction fromemitter to collector,while conduction in theexternal circuit is due to the flowof

electrons.

Becauseofthereversebiasnocurrentcanflowin thecollectorcircuit,unlesscurrent is introduced
into the emitter. Since a small emitter voltage of about 0.1 to 0.5 volt permits the flow of an
appreciableemittercurrent, the inputpowertotheemittercircuit isquite small.Aswehaveseen,
the collector current due to the diffusion of holes is almost as large as the emitter current.
Moreover, the collector voltage can be as high as 45 volts, thus permitting relatively large output
powers. A large amount of power in the collector circuit may be controlled by a small amount of
power in the emitter circuit. The power gain in a transistor (power out/power in) thus may be
quite high, reaching values in the order of 1000.

Current gain of transistor ( )

The ratio of collector current to emitter current is known as alpha ( ), i.e.

Itcannotbehigher than1. It is themeasureofpossible currentamplification in
a transistor.

Beta ( is another constant defined as ratio of collector current to base current.
If IE is the emitter current, and IC/IE = then IB=base current= 1- i.e.,

Transistor Symbols and Connection

When transistors are operated as amplifier, three different basic circuit connections are possible:
(a) Common-base, emitter input; (b) common-emitter, base input; and
u common-collector, base-input.

Regardlessofthecircuitconnectiontheemitterisalwaysforwardbiasedand

collector is always reverse biased.



Described below is a ‘common emitter, base-input’ basic transistor amplifier

circuit using a PNP transistor. The transistor is in common-emitter configuration. It

needs two separate supply voltages--one for base bias and the other for the collector.

In the first diagram, two separate batteries are used. But the voltages can also be

provided by a single supply (as shown in the second diagram) taken to the common

connection (the emitter) and the collector; and tapping the collector side to apply the

necessary forward bias voltage to the base dropped a bias resistor.

Inthistypeofamplifiercircuit, thecollectorcurrent is fedthroughanoutput load(R2).
The biasing voltage to the base is provided through the resistor R1 is of the order of 0.1 to 0.2
volts for germanium transistors; and about 0.6 to 0.7 volts for silicon transistors. This type of
biasing is called as current biasing. A relatively small base current can instigate a very much
largercollectorcurrent(or,morecorrectly,asmall inputpower is capableofproducingamuch
larger output power). In otherwords, the transistorworks as an amplifier. However, this type
of circuit is not very stable. To provide stability, another type of base biasing is used, which is
called voltage biasing. In the amplifier circuit shown below, with voltage bias, two resistors
(R1&R2) are used as a potential divider. A resistor R3 is also added in the emitter line to
provide emitter feedback automatically to control the bias voltage under varying working
conditions.Thisresistorisusuallyparalleledwithacapacitortoprovidefurtherstabilization.



D. Radio Receiver

A radio receiver is a device,which is used to receive radio frequency transmission fromaradio

transmitter. A radio transmitter transmits radio frequency (RF) signal generated at a particular

frequency,onwhichthe intelligence(e.g.anytypeofaudio) is superimposed.Transmissionof

this audio information or audio frequency (AF) is possible only through the use of radio

frequency. However, in reality the audio frequency (AF) does not get transmitted; instead, the

sound content is literally carried on the back of the RF signal, the two together forming what

is called a modulated signal.

Modulated radio frequency canbeproduced in twodifferentways-- amplitudeor ‘up-
and-down’ modulation, known as AM; and frequency modulation (FM). In FM broadcast,
actually a very small variation in the RF signal frequency takes place about the station
frequency. FM technique is usually followed in very high frequency (VHF) transmissions.

Amplitude modulation technique is easier and hence widely used for medium wave
and short wave broadcasts. There are hundreds and thousands of broadcasts that take place
in different radio frequencies or wavelengths. The relationship between wavelength and
frequency is:

Radio frequency (RF) generation

A basic oscillator which can produce oscillations at a particular frequency

consists of a capacitor, a coil (inductor) and a DC voltage source alongwith a switch as shown
below.

By making the switch ‘ON’ instantly and then releasing it to make ‘OFF’, a pulse of
current finds it path to the capacitor as well through the inductor resulting in an expanding



magnetic filed across the inductor while charging the capacitor simultaneously. The instant
when the switch is made ‘OFF’, the capacitor discharges releasing the extra electrons on the
top plate through the inductor to reach the other plate. The current thus produced is in the
same direction as when the switch was made ‘ON’. Thus it aids to maintains the expanding
magnetic field produced during the instant when the switch was made ‘ON’. The capacitor will
reach a neutral state after the electron from the top plate neutralizes the bottom plate (the
positively charged plate), i.e. the capacitor will be getting discharged in the process. As there is
no supply of electrons from the DC voltage source (because the ‘switch’ is ‘OFF’), and the
capacitor is also fully discharged, so, themagnetic field around the inductorwill nowcollapse
resulting ina self-inducedvoltage.This self-induced voltagewillmakeenough current to flow
throughthe inductor tochargethecapacitor inoppositedirection.Asimilarprocessdescribed
above will now start and repeat over and over again producing damped oscillating currents
until all of the energy is wasted by circuit resistance and other losses. This is called the
‘flywheeleffect’. It is similar towhathappenswhenapendulumis started inmotion. It tries to
continue swinging at the same frequencyuntil all of the starting energy is used up. Theunique
thing to notice here is that oscillations will maintain a particular frequency despite loosing
their amplitude. This frequency is called the resonant frequency and the circuit described
above is called a tankcircuit. The frequencyof resonance can be found from the formula:

In the electronic circuitry, a damped oscillation is not at all desirable from the practical
utility point of view. So, the objective is to use a transistor or triode valve to provide the
necessary gain (and not loss!) and feedback (the energy) to sustain the oscillations or to
produceperfect sinewave frequency. Described below are two practical oscillator.

Hartley Oscillator

In theHartleyoscillator circuit shownabove, the frequencyof oscillation is determinedby the
resonant frequencyof the tankcircuitconsistingofC1andL1.L1 is tappedat its center to form
two inductors : L1a and L1b. L1a is effective in the base circuit of the PNP transistor and L1b is
in the collector circuit of the transistor. When B+ is applied to the collector through a RF
choke, collector current begins to flow. The resulting drop in collector voltage is coupled
through C3 and developed across L1b. This serves as the initial excitation for the tank and
causes circulating current to begin to flow in the tank. The circulating current produces a
voltage across L1a, which is coupled by capacitor C2 to the base of the transistor. The
amplified signal at the collector is coupled back to the tank circuit by capacitor C3, and



developed across L1b. The feedback voltage developed across L1b is in phase with the input
voltage across L1a, and so maintains the tank circuit oscillations.

Colpitts oscillator

TheColpitts oscillator is similar to theHartley oscillator, except that two capacitors are used
in the tank circuit instead of a tapped coil.The output frequency of a Colpitts oscillator is
determined by the value of the tank inductance and the total capacitance of the two series
capacitors. Capacitor C1 is in the base circuit and C2 is in the collector circuit. The AC tank
voltage produced by the circulating current divides between the two capacitors. The voltage
across C1 is applied to thebase of the transistor by coupling capacitor C3 and base resistor R1.
Theresultingcollector signal is coupledback to the tankcircuitbycapacitorC4anddeveloped
across tank capacitor C2. The feedback is in phase with the base voltage as a result of the
180- degrees phase shift introduced by the transistor, and the 180-degree shift caused by the
ground tap between C1 and C2.
Tuning circuit of radio receiver

The job of a radio receiver is to receive only a particular radio frequency at a single time. For
this, a sorting device known as the ‘tuning circuit’ (see page 76) is used at the ‘front end’ of a
radio receiver.
Detection

After sorting out the desired frequency, a diode is used at the ‘detector’ or ‘demodulator’

stage of the receiver, where it rectifies out one half of the RF signal containing the audio

information. This half cycle of the RF is still imposed with the AF content. So the next step is

to filter out the RF to receive or detect an undulating AF signal. These undulations follow

exactly the same variations as the AF signal originally imposed on the transmitter RF signal at

the transmitting station by a microphone.

Aresistorandacapacitoracts asa filter foraspecified frequency.So,adiodedetector
is tomatch a load (resistor) with the capacitor so as to form the required filter circuit, so that
only the varying dc (undulating AF portion of the signal) is passed at the output from the
detector stage. A basic diode detector circuit is shown here.



AF Amplification

The audio signal thus obtained is then amplified in the audio amplifier stage of the receiver.
There may be more than one stages of amplification but with the limitation of using only a
certainnumber of stages of amplification afterwhichdistortion in theaudio takesplace.

The radio receiver described above is a very simple radio receiver which has a
limitation in its detector stage.This typeof receiver is calledTunedRadio Frequency receiver
(TRF). The detector works most effectively with an RF input voltage of 1 volt or more. Signal
obtained directly from an aerial circuit are most of the time more than a few millivolts in
strength, and weaker the signal the less effectively they will be detected. So, the range of
stations that can be picked up is limited, and no amount of amplification after detection can
make up for this limitation.

This limitation or lack of sensitivity can be overcome by amplifying the incoming

signalbeforedetection, sothat thedetector is alwaysworkingwithgoodsignal strength.This

is accomplished by the use of an amplifier stage right at the beginning of the circuit or by

super-heterodyne circuitry. By comparing and contrasting a ‘Tuned Radio Frequency (TRF)

receiver’ with a ‘Super-heterodyne receiver’, we can better understand the advantages as well

as functioning of a super- heterodyne receiver.

Difference between a Tuned Radio Frequency (TRF) receiver and a Super-heterodyne

receiver.

A TRF receiver consists of the following stages:
u Antenna input stage
u A few stages for RF-amplification
u A detector stage for demodulation
u One or more stages of AF amplifier

On the contrary, a super-heterodyne receiver consists of :
u RF Amplifier
u Mixer or Converter
u Local Oscillator
u IF Amplifier

u Detector
u Automatic Gain Control (AGC) Circuit.
u AF Amplifiers
uIn aTRF receiver a series of loosely coupled tunedcircuits are used to increase selectivity
andeachcircuitareganged(interconnected)sothattheyresonateatthesamefrequency.



But in a super-heterodyne receiver, this principle is not followed, instead, the RF amplifier,
mixer and local oscillator are ganged to produce an intermediate frequency (IF).

uInaTRFreceiver thehighamplitudeoriginal frequencyisdemodulatedat thedetector

stage. But in Super-heterodyne sets, the IF is demodulated.

uInaTRFReceiver,no imagefrequency isproduced.But imagefrequency isproducedin
super-heterodyne receiver.

u In a TRF receiver, selectivity is not constant; the receiver is more selective at the low
frequencybands,while less selectiveat thehigh frequencyend.Because thedetectorand
amplifiers of a super-heterodyne receiver can be designed to amplify only intermediate
frequency (IF), this type of receiver is more selective and offer high fidelity (exact
reproduction quality of the transmitted signal).

u In TRF receiver, amplification is not constant over the tuning range. In super- heterodyne
receiver amplification is constant since all the time it amplifies a constant frequency at
the IF stages.

Functioning of a Super-heterodyne Receiver

Themainobjectiveof the super-heterodyne receiver is to producean intermediate frequency
(IF) by the process of heterodyning or beating. This can be accomplished when two
frequenciesaremixed toproduce thebeat frequency. In super-heterodyne receivers, the IF is
usually 455 kHz which is selected because the broadcast band begins above that frequency.
So, if we imagine a situation when the RF amplifier is tuned to receive a 800 kHz broadcast
signal, the local oscillator must be tuned to 1255 kHz, which will result in an IF of 455 kHz
(1255-800 kHz=455kHz).

Sincewehave to tune the RF amplifier section throughout the entire broadcast band,
the frequency of the local oscillator must also vary in amanner that it alwaysmaintains a gap
of 455 kHz. To achieve this condition, the Local Oscillator and RF Amplifier section are
'ganged', i.e. their tuning condensers are connected/ganged mechanically in such a way that
when we tune the variable capacitor in the RF section, the variable capacitor in the local
oscillator also changes its value, it 'tracks' the frequency to which the 'Aerial Circuit' is tuned
and remain separated from the tuned frequency by 455 kHz up.

The Intermediate Frequency (IF), which is a considerably low frequency

is being used,because-

u it is a suitable frequency to achieve amplifying efficiency.
u It provides betterselectivity.
u It provides better sensitivity throughout the broadcast band.
u It provides uniform sensitivity as well as uniform selectivity



Radio Frequency (RF) Amplifier section

This section performs two major tasks:
u it couples the antenna voltage to the converter of the receiver;
u By selectivity, it accepts only the desired frequency and all others are rejected.

u Byamplifyingthedesiredsignal,theSignal-to-Noiseratiois increasedinthe

converter stage for efficient operation.

Converter or Mixer Section

The main objective of the super-heterodyne receiver is to produce a constant

Intermediate Frequency (most commonly used frequency being 455 kHz in commercial

broadcast band radio sets). In the mixer stage, the local oscillator frequency and the

selected station frequency is or combined, where, by the process of 'heterodyning', i.e.

'beating', the 'Intermediate Frequency (IF)' is obtained. If the RF Amplifier section selects

andamplify a signal of 800 kHz, then the local oscillator produces a frequencyof 1255 kHz.

By mixing both the frequency at the mixer stage, a difference of frequency of the value

455 kHz is obtained (1255-800=455 kHz).

Intermediate Frequency (IF) Amplifier

The 455 kHz IF is fed to the IF amplifier through an IF transformer. The circuitry of the IF
section is so designed and tuned so that it gives the optimum gain at that particular IF
frequency.

Detector/Demodulator and 1st Audio Frequency Amplifier stage

TheAmplitudeModulated (AM) IF is demodulated anddetected. A diodeworking as rectifier
solvesthispurpose(seepage92).Thetriode/transistoramplifiestheaudiosignalandthevolume
control potentiometer system controls the intensity of sound.
AF Power Amplifier

This section further amplifies the audio signals which is finally fed to an output transformer
which matches the impedance of output stage with the speaker (in modern transistor
receivers, the necessity of output transformer is eliminated).

AGC or AVC in a super-heterodyne radio set



Automatic Gain Control is a most needed part of super-heterodyne circuitry. A disadvantage
of manual gain control (volume control) with a receiver is that it can't provide constant
output under all conditions. If a receiver is tuned from a weak signal to strong signal, its
output must increase intolerably. This would then require readjustment of the volume control.
Similarly, when a receiver is tuned to particular signal the output level can vary widely if the
input signal strength fluctuates as a result of fading and adjustments of the volume control
has to be done. Since such signal fluctuations are rapid, constant readjustment of volume
control would be necessary which is impractical. This is where AGC or AVC comes into picture
and is used in addition to the manual control.

All AGC or AVC (Automatic Volume Control) circuits perform two basic functions;

u The first of these is todevelopaDC (DirectCurrent)which is
proportional to the receiver input signal all the time.

u TheAGCvoltage is applied to theRF and IF stageof the receiverwhere it
serves as a Bias voltage.

In this way the AGC voltage controls the gain of RF and IF stages, and therefore the
overall gain of the receiver. When the signal level at the receiver input increases, the AGC
voltage increases proportionately. Consequently, a larger bias is applied to the IF andRF
stages and their gain is applied to the IF and RF stages and their gain is reduced.

The receiver output thus remains relatively constant instead of increasing in
accordance with the input signal strength and vice-versa.

In valve type RX (receiver), the grids of RF and IF portions valves are biases by

negative voltage. While in a transistor it depends on transistor type.

Squelch circuit

The squelch circuit or Q (Quieting) circuit is a circuit which is controlled by AGC or AVC
voltage. The modern high gain receivers shows a disadvantage without it, that is, without a
squelch circuit, annoying buzzing and cracking sounds are heard over the loudspeaker in
absence of input signal. So a circuitry is arranged in such away that AF gain is kept reduced in
absence of input signal from the antenna.

With no signal there is no Negative AGC voltage, and the squelch tube allows current
to flow through it then passing through R3 to the +250 V point. Thus R3 produces a DC
voltage drop across it which is more negative at midpoint than at the bottom being in series
with the amplifier grid circuit, tube past cutoff, preventing it from functioning.



When a signal is received, AGC or AVC voltage biases the squelch tube to 'cutoff',

stoppingplatecurrent flow.Consequently, the voltagedropacrossR3ceases, allowing theAF

amplifier tube to act in a normal manner.

Image Frequency in a super-heterodyne receiver set

The intermediate stage (mixer + local oscillator) of a super-heterodyne radio set produces an

Intermediate Frequency (IF) due to the beating of RF input frequency and Local Oscillator

Frequency. This frequency is obtained by deducting the RF input from the tuned circuit from

that of Local Oscillator Frequency. So, while receiving a 800 kHz RF signal, the Local

Oscillator is made to oscillate at a frequency of 1255 kHz which results in an Intermediate

Frequency (IF) of 455 kHz (which is accepted as a standard in almost all the Broadcast band

receiver circuits); but it is found that in case of comparatively less selective receiver, if a

broadcast frequency 455 kHz up, from the 1255 kHz local oscillator frequency manages to

intrudetheRF tunedcircuiteventoa littleextent, thenanotherdifferenceof frequencyequal

tointermediatefrequencyresults;viz.1710-1255=455kHz.Butthis '455kHz'beinggenerated

froma signal frequency having different audio information causes adverse effect at theaudio
endof the receiver. The intelligenceof bothwouldbe present in the speaker at the same time
making the sound reproduction is unintelligible.

Prevention of Image Frequency

u By highly selective RF tuned amplifier;
u By using an IF which is convenient to use and at the same time separation between

desired and image signals is made large. Possibility of image frequency generation is

greater in a receiver designed for an IF of 175 kHz than a receiver using an IF of 455

kHz.

'Selectivity' of a radio receiver

Selectivity is themeasure of the ability of a radio receiver to select a particular frequency or
particular band of frequencies and rejecting all other unwanted frequencies. But higher
selectivity does not necessarily make a better receiver. For instance, a 'broadcast signal'
consists of the carrier frequency and its two side bands.

In a situation where a carrier frequency of 800 kHz is modulated with a 5 kHz (5000 Hz) tone,
the sum of the carrier and the audio frequency results in the Upper Side Band (USB) of 805
kHz. The difference of carrier and audio frequency results in a Lower Side Band (LSB) of 795
kHz. So, for proper reproduction of the broadcast signal at a particular carrier frequency, the
receivermust receive (select frequencies from795 to805 kHz.A receivermore selective than
thiswould reject apart of the frequencies thus proper reproductionwould behindered.

Sensitivity of a receiver

It is the ability of a radio receiver to respond to the desired radio frequency signal effectively.
Higher the ability of the receiver to respond to aweak signal, greater is its sensitivity.

What is a S-meter?



A S-meter is a visual indicator of signal strength. A simple S meter consists of a milliammeter

in series with an RF or IF amplifier plate/collector circuit.With no signal, there is no AGC bias

voltage and maximum plate current flows. With a signal, the AGC biases the tube, reducing

the plate current and the indication on the meter. The stronger the signal, the lower the

meter indication, signifying a strong strength.

What is a Beat Frequency Oscillator?

To change the second detector from a rectifying or envelope detector to a heterodyne

detector to receive A1A (Continuous Wave Morse Code), A2A (Modulated CW Morse Code),

J3E (Single Side Band), the Beat Frequency Oscillator is turned on. It is a variable frequency

oscillator using a Hartley, Colpitts or Armstrong circuit. It is tunable to the Intermediate

Frequency and one or two kilohertz higher and lower. It heterodynes with any signal coming

through the IF strip, producing an audible beat frequency in the detector. Both the BFO and

LO (Local Oscillator) must have good frequency stability.

Why ham radio transmissions are not heard in ordinary radio receiver sets?

Theradiosetsavailable in themarketforgeneral publicaredesignedtoreceiveAmplitude
Modulated (AM) or FrequencyModulated (FM) broadcasts only. But the ham radio operators
use a very efficientmodeof transmission called Single Side Band (SSB) transmission. The
power of a ham radio station is also very low ( usually not more than 100 watts) in
comparison to thebroadcast station (whichusepower in thekilowatts range). In factmany
of the broadcast band radio receivers available in the market also covers some of the
frequencieswhichareallottedto thehamradiostations.A4band radioset (inclusiveof the
MediumWaveband) canbeexpected tocover somepopularhamradio frequencies like 7 to
7.1 MHz (i.e. 7000 to 7100 kHz), 14 to 14.350 MHz (i.e. 14,000 to 14,350 kHz) and 21 to 21.450
MHz (i.e. 21,000 to 21,450 kHz). This kind of receiver can be improvised to receive ham radio
transmissions with very little effort. First, we will need an outdoor aerial. Because, these radio
sets are not sensitive to receive low power transmissions.Majority of thehams use power
below 100 watts (a broadcast station may use 4000 or 5000 watts of power or even more
than that!). A novice ham radio operatormay be found to be operatingwith apower as low
as 0.5watt!



Ham radio conversation if heard on an ordinary radio set sounds like the 'Duck

quacking'. There is no intelligibility in the audio. As already mentioned, our ordinary radio sets

aremeant to receive AM signals only and not to receive SSB signals-a separate unit is required

at the 'Detector' stage of the AM receiver, which is nothing but a stable 'Frequency

Generator' (RF Oscillator), called the 'Beat Frequency Oscillator' (BFO). The BFO is used to

introduce a 'Local Carrier Frequency' (frequency of the carrier is 10 to 20 Hertz within that of

the transmitter carrier frequency which is suppressed at the transmitter of the ham radio

station willingly in order to save power). A BFO can also be used to make the un-modulated

ContinuousCarrierWave (CW)transmissions (e.g. inMorseCode transmission) intelligible.

E. Radio Transmitters

Amplitude Modulation and %ge of modulation

AmplitudeModulation (AM) is aprocess inwhich theamplitude of a radio frequency
current ismade tovaryandmodifyby impressinganaudio frequencycurrenton it.

A radio frequency current has aconstant amplitude in absenceofmodulation and this
constant amplitude RF carries no information, i.e. no audio intelligence and is of no use to
radiotelephone(voicecommunication),buthasapplication inmorsecodecommunication.

So, to give intelligence to the RF current, audio signal is impressed/superimposed on
theRFcurrent in anon-linearmodulator circuit; as a result ofwhichcarrier current amplitude
begins to rise to amaximum value above and below its original amplitude during the positive
cycle of the audio signal and during the negative cycle of the audio signal, it falls to a
minimum value.

Unmodulated 50% Amplitude of 100%

RF Carrier Audiosignal modulated audio signal modulated

Carrier is increased carrier

This results in the carrier having two outlines of the audio signal, this is because the
variationat instant in theamplitudeof thecarrierwave is directly proportional to the valueof
the modulating signal.

During amplitude modulation, two side band frequencies are also produced. Upper
sidebandfrequencies equal to the carrier frequencyplus audio frequency and lower sideband
frequency is equal to carrier frequency minus audio frequency. So the amplitude modulated
carrier occupies a space in frequency spectrum, the width of which is equal to twice the
highest modulating frequency.

Percentage of modulation



The degree ofmodulation in an AMwave is expressed by %ge ofmaximum deviation

from the normal amplitude of the carrier RF wave.

Theeffectofsuchmodulatedwaveismeasuredbyareceiver'sabilitytoreproduce

the signal in distorted or undistorted manner.

Percentage of modulation=(VoltageMax-VoltageMin)/(VoltageMax+VoltageMin) x 100

WhereVoltageMax is themaximum instantaneous valueof themodulationand

VoltageMin is the minimum value of the RF carrier.

Why over modulation is not desirable?

Over modulation is not desirable, i.e. modulation should not exceed 100 %, because if modulation
exceeds 100 % there is an interval during the audio cycle when the RF carrier is removed
completely from the air thus producing distortion in the transmission.

What are the Side-bands of an AM signal?

Side bands are the sum and difference frequencies produced at the transmitter by the
modulating frequencies. For instance a 5 kHz (5,000 Hz) Audio tone might be used to
modulate an 800 kHz carrier frequency. This would produce frequencies of 800 kHz, 805 kHz
and 795kHz. 800 kHz is the carrier and 795 and 805 kHz are the two side band frequencies.

What is Single Side Band (SSB) transmission?

At full modulation the carrier in an AM signal requires two thirds of the power but conveys no
information. The second side band can be viewed as redundant (overlooking frequency-
selective fading in an ionospheric transmissionpath, thatmaydistort one sideband at times).
Interference between several carrier frequencies, resulting in steady audio whistles or 'beats' is
another disadvantage of AM.

Power may be saved and the band occupied by an AM signal in the frequency
spectrumcanbehalved ifonlyone sideband is transmittedwithoutcarrier.Theresult is single
sidebandsuppressedcarrier signal, calledsimplysingle sidebandsignal (SSB) transmission.

The carriermust be reintroduced at the receiver in such systems and closely adjusted
totheoriginalcarrier frequencyto avoidsignaldistortion.The introducedcarrier carriermust
be within 10 or 20 Hertz of the original carrier frequency for adequate intelligibility of voice
signals, and stable oscillators are needed for generation of the local carrier.



For SSB the transmitter does not need to generate carrier power, and ratings are in

terms of peak-envelope-power (PEP), the power capability at the peak of the modulating

signal with linearity of the amplifier is maintained. For equal information content, and 100%

modulation, the SSB signal requires only 1/6 th powerof thedouble sideband signal. However,

the situation is even more favourable to SSB when speech is transmitted. Speech is not a

continuous sine wave, and its average power is low with respect to its peak requirements. A

peak-to-average power ratio of 10:1 is often assumed for speech, and under that condition, a

Double Side Band (DSB) AM signal would require 1.05 times carrier power, whereas for equal

intelligibility the SSB signal would require only 0.05 units of power or 1/21 asmuch.

Because of the lower power rating, circuit components designed for SSB equipment

can be smaller and lower in cost.

Forgenerationofamodulatedsignalwithoutcarrier,abalancedmodulator isused.A

filter then discards one side band.

Why 100% modulation should be aimed in voice transmission?

The power of a modulated wave is found from the formula:

Pmod=(1+m2/2) x Pcarr

WherePmod=Powerof themodulated
wave, M=degree of modulation,
Pcarr=powerinthecarrierfrequency.

The power in an amplitude modulated wave is divided between the carrier and the
two side bands. The carrier power is constant, and so, the side band power is the difference
between the carrier power and the total power in themodulatedwave. The above formula is
to findthepowerof themodulatedwavewhencarrier ismodulatedby single sinusoidal tone.

If the carrier power=50 watts
%ge of modulation=100
or 1 degree of
modulation=1 ,Thenthepowerofthemodulatedwave,
Pmod=(1+m2/2) x 50=3/2 x 50 = 75watts



Since the carrier power = 50 watts; the two side bands have 25 watts in them, i.e. 25/75 x 100% =

33.3% of the total power with 100%

modulation. Incaseof50%modulationwithsamecarrierpowerwehave,

Pmod=(1+0.52/2) x 50 = 2.25/2 x 50 = 56.25 watts

Now the side bands have only 6.25 watts (since 56.25-50 = 6.25)

Since all the intelligence being transmitted is contained in the side bands, the
desirability of ahighpercentageofmodulation is crystal clear. Acomparatively lowpowered,
but well modulated transmitter often produces a stronger signal at a given point than does a
much higher powered, but poorly modulated, transmitted the same distance from the receiver.

Schematicdiagramofour intendedtransmitteranditsfunction inbrief
RF Oscillator

This is the stage where the carrier frequency intended to be used is generated by means of

Crystal Oscillator Circuitry or capacitance-inductance based Variable Frequency Oscillator

(VFO). TheRF oscillator is designed to have frequency stability and power delivered from it is

of little importance, hence can be operated with low voltage power supply with little

dissipation of heat.

Buffer Amplifier

The low power RF carrier output from the RF oscillator is amplified in this portion and it also
keeps the RF oscillator and power amplifier circuits separate electrically imparting frequency
asdesiredby theamateur canbedone in this stage,when thecarrier frequencymultiplication
technique is applied here. In it the Morse key for keying out carrier continuous wave can be
accommodated.

Modulator

Audio information is impressed upon the carrier frequency at this stage.

Balanced Modulator

In this type of modulator, while the audio information (voice) is impressed upon the carrier
frequency, at the same time its output gives a signal without carrier frequency but yet with
the two side band frequencies carrying the voice/audio information.



Side-band filter

It discards out any one of the side band.
RF linear Amplifie RF power amplification is done here and this stage is coupled to the
antenna system through antenna impedancematching circuitry. Care is taken at this stage so
that no harmonic frequency is generated which will cause interference in adjacent band
(splatter) on otherbands.

Crystal oscillators

Crystal oscillators are used in most modern commercial radio transmitters, either telegraph or
telephone.Quartz crystal oscillators are usedbecause they donot driftmore than a fewhertz
from the frequency for which they are ground. A variable FrequencyOscillator (VFO) tends to
drift considerably more. Crystals made from quartz are used in radio frequency oscillator
circuits in order to impart stability to the frequency of oscillation. The function of the quartz
crystals are basedon the piezoelectric effect, i.e. generationof electricity by compressing or
stretching the quartz. Conversely the quartz crystal can be made to expand or contract
physicallybyapplyingavoltageacross it (e.g. byplacing it between twometallic plateswhere
the voltage isapplied).

Expansion and contraction of a crystal

At its resonant frequency a crystal behaves exactly like a tuned circuit. If a crystal
betweenmetal plates is shock-excited by either a physical stress or an electric charge, it will
vibratemechanically at its natural frequency for a short while and at the same time produce
an ac emf between the plates. This is somewhat similar to the damped electron oscillation of
a shock excited LC circuit.

The circuit shown in the next page is a TPTG (Tuned Plate Tuned Grid) circuit. When
the switch is closed, the LC (Inductance-Capacitance) tank in the plate circuit is shock-excited
into oscillation by the sudden surge of plate current. The ac developed across this LC circuit is
fed back to the top crystal plate through inter- electrode capacitance, and to the bottom
plate of the crystal through the bypass
capacitor from the LC circuit. The crystal starts vibrating and working as an ac generator on

its own. The emf generated by the crystal, applied to the grid and cathode, produces plate

current (Ip) variations in the plate LC circuit.



With both crystal and LC circuit oscillating and feeding each other in proper phase,
the whole circuit oscillates as a very stable ac source. The plate LC circuit must be tuned
slightly higher in frequency than the crystal to produce the required phase relationship
between the two circuits to sustain oscillations.

Radio Wave Propagation - The Role of Ionosphere in Radio Wave Propagation

Long distance propagation of radio waves depends on an invisible layer of charged particles,
which envelops the Earth. This layer of charged particles known as the ionosphere has been in
existence for millions of years. For those, who pioneered the long distance radio
communicationduring theearly part of the twentieth century, the ionospherecameas aboon.
During the formative days of radio communication, radio scientists could not come to a
definite conclusion about how radio waves propagated round the world.

The father of radio, Gug1ielmo Marconi himself was at a loss to explain how, on 12th
December, 1901, he established the first real long distance wireless communication between St.
Johns, New Foundland, USA (now in Canada) and Poldhu in the Southern Tip of England, a
distance of more than 3,000 kms across the Atlantic Ocean. At that time, it was known that
except for very short distances, the radio waves did not follow the natural curvature of the
earth. Earth's curvature is a direct block to line-of-sight communication. When enough
distance separates the two radio stations so that their antennas fall behind the curvature, the
Earth itself blocks the transmitted signals from the receiver, because, electromagneticwaves
travel in straight lines until they are reflected by something.

Oliver Heaviside in England and A.E. Kennally in America, in 1902, suggested that
theremust be somekindof reflectingmedium in theupper atmosphere that caused the radio



waves to be returned to Earth at considerable distances from the transmitter. Under the
action of solar radiation and the hail of meteorites, an ionised layer is formed in the upper
part of the Earth's atmosphere. In this layer, the neutral air molecules are decomposed into
ions and electrons and the whole layer presents a chaos of charged particles. Shortwave
radio signals (radio signals which fall in the range of 1.5 MHz to 30 MHz) are reflected from
this layer just as light rays are reflected from the surface of a mirror, or sound wave from a
barrier. likewise, this layer can be compared to the edge of a billiard table. Communication
specialistsuse this layer like theedgeof abilliard table: if theball doesnotgo straight into the
pocket, it canbedirectedon the rebound! In the sameway, the shortwave signals radiatedby
distant radio stations get to our receiver on the rebound. They can continue traveling to
several places round theworld, for the Earth is also like the edge of a billiard-table.

The ionosphere is located above the troposphere, starting at an altitude of 50 kms

above the surface of the earth and extending up to an altitude of 400 kms or more. The

troposphere is the region of the earth's atmosphere immediately adjacent to the earth's

surface and extending upward for some tens of kilometres. Radio waves are refracted or bent

slightly, when traveling from one medium to another. Refraction is caused by a change in the

velocity of a wave when it crosses the boundary between one propagating medium and

another. If this transition is made at an angle, one portion of the wave-front slows down or

speeds up before the other, thus bending the wave slightly. Radio waves are commonly

refracted when they travel through different layers of the atmosphere, whether it is highly

charged ionospheric layers 100 km and higher, or weather-sensitive area near the Earth

surface. When the ratio of the refractive indices of two media is great enough, radio waves

can be reflected, just like light waves striking a mirror.

The role of ionosphere in radio wave propagation can be discussed only in terms of
the different radio frequencies available for communication and in the light of the existence
of different ionospheric layers. Although the variousmethods used confirmed the theories of
Heaviside and Kennally, there were differences between the results obtained by Professor
Appleton and other investigators. It was discovered that there was not one, but more than
one reflecting layers in the ionosphere. The first trials with pulse waves in 1925 by Breit and
Tuve in America were successful in that the method proved to be much more practicable.
Since radiowaves take1millisecond to travel 300 km, theheight of the layer established from
the first echo in this case was found to be 300 km. The ionised layers were designated with
letters of the alphabet by E. V. Appleton.

The lowest layer known at a height of about 50 to 90 km being called the D region
because this is not strictly a layer but a relatively dense part of the atmosphere where atoms
are broken up into ions by sunlight that recombine very quickly. The amount of ionisation
therefore depends on the amount of sunlight and the region has the effect of absorbing the
energy froma radiowave, particularly at frequencies in the band of 3 to 4MHzand frequently
as high as 7 MHz. High frequencies (1.5-30 MHz) penetrate this layer, while low frequency (LF:
30-300 kHz) and medium waves are absorbed by this layer. To some extent LF and Very Low
Frequency (VLF: 3 to 30 kHz) are reflected during daytime.

The E-layer extends from an altitude of 100 km. Though sunlight is an important
factor for its existence, after sunset also it exists for some time. This layer is responsible for
evening and early night time propagation of medium waves (500 kHz to 1500 kHz) up to a
distance of about 250 km. Propagation of lower short wave frequencies, e.g. 2 MHz , up to
distance of 2000 km at daylight time is due to this layer. It has little effect at night.



F1 layer exists at an altitude of 200 kmduring daytime and its characteristics are very
similar to E-layerwhichmerges into F2 layer at night. HF frequencies in the range of 1500 kHz
to 30 MHz (i.e. 30,000 kHz) propagates through this layer during daytime.

F2 layer is the most important layer, which exists at altitudes ranging from 250 to
400 km and HF long distance propagation round the clock is due to this layer. The behaviour
of this layer is influenced by the time of the day, by season and by sunspot activity. F2 layer
was formerly known as Appleton

layer. This layer has a high ionization gradient. This layer exists both in the daytime and
nighttime. Since at such an altitude air density is extremely low, the free ions and electrons
(due to the action of ultraviolet radiation from the Sun) cannot recombine readily and so can
store energy received from the Sun formany hours; that is the reason the refractive property
of this layer changes only to a negligible extent during day and night. The path which the
short wave signal follows through the F2 layer is in reality a curved one. Degree of the curve
depends on the angle of incidence of thewave, ionization gradient of the layer and frequency
of the signal. Maximum distance for F2 layer reflection is about 4000 km.

Radio wave propagation by multiple reflection

A strong enough radio signal can propagate by multiple reflections. Having returned
to Earth from the ionosphere, the Earth’s surface acts as a reflector and returns the signal
back to the ionosphere, where it is reflected back to Earth yet again. In this way radio signals
can travel around the globe almost instantly! Because, radio wave travels at a velocity of
3,00000 km per second in vacuum. Its velocity gets changed very negligibly in a different
medium, which is insignificant, because the earth is a very small place with a radius of only
6000-km.Communicationbetweenany twopoints on theearth is thus almost instantaneous.

Propagation characteristics of different ham radio bands

The problem of variable propagation conditions can be partially overcome by using frequency
diversity, in which an allotted wireless communication network is provided with several
frequency assignments spanning the high frequency (short wave) band of frequencies. The
radio operator can thus choose the channel that gives the best results at any given time. The
1800 kHz (1.8MHz or 160metre band) band suffers fromextremedaytimeD-layer absorption.
Even at high radiation angles, virtually no signal can pass through the F layer and daytime
communication is limited to ground-wave coverage.

At night, the D layer quickly disappears and world-wide 160m communication becomes
possible via F2-layer skip. Atmospheric and man-made noise limit propagation of this band.
Tropical andmid-latitude thunderstorms causehigh levels of static in summer,makingwinter
evenings the best time to work long distance at 1.8 MHz.

The 3500 kHz (3.5 MHz or 80 metre band) is the lowest HF ham band, which is similar

to160minmany respects.Daytimeabsorption is significant, butnot quiteasextremeas at1.8

MHz. High-angle signals may penetrate to the E and F layers. Daytime communication range

is typically limited to 400 km, primarily via ground-wave propagation. At night, signals are

often propagated halfway around the world. As at 1.8 MHz, atmospheric noise is a nuisance,

making winter the most attractive season for the 80 m. The 7000 kHz (7 MHz or 40 metre)

band is useful for daytime communication up to a distance of 800 km via E and F layers. Long

distanceworld-wide communication takes place in this band through F2 layer. The 10 MHz or



30 metre band is unique because it shares characteristics of both daytime and night-time

bands. Communication up to 3000 km is typical during daytime, and this extends halfway

around the world. The band is generally open via F2 on a 24-hour basis. Unfortunately, the 10

MHz band is not yet released to the Indian ham radio operators.

Skipdistance,skipzoneanddeadzone

Skip distance, skip zone and dead zone are importantly associated with ionospheric
propagation. If we take a simple case, where a radio receiver located at a distance of 200
kilometres away from the wireless transmitting station is unable to receive the radio signal,
but another receiving station (the intended station) at a greater distance (say 1000 km) is
able to receive the radio signal perfectly, then distance of the intended receiver from the
transmitter is termed as 'skip distance'.

Despite being located closer to the radio transmitter, one of the receiving stations is
not able to receive the radio signal. This is because of the fact that this receiving station is
located in a skip zone or dead zone. The ground waves transmitted from the transmitter are
unable to reach this receiving station because of signal attenuation by the earth or are
stopped by the Earth's curvature and the sky wave will not reach the receiver, because it
bounces again more than 200 kilometers way. So some 'blind zones' are formed and if the
receiver is located in that blind zone it will receive no signal or very weak signal.

The above situations are particularly pronounced in high frequency (HF) signals where
ground waves fade away and skip distances may be a thousand kilometers or more. In such a
situation, another station (who is not in skip with the station in blind zone) can relay the
message to the receiving station located in the blind zone.

Howdo the hams overcome the variablepropagation conditions of the ionosphere and the

problem of skip?

Theproblemofvariablepropagationconditionscanbepartiallyovercomebyusingfrequency

diversity, inwhichanallottedcommunicationnetwork isprovidedwithseveral frequency

assignmentsspanning theHighFrequency (HF)bandof frequencies.Thehamcanchoose the

frequency that gives the best results at any given time. Similarly if a station is in skip at a

particular frequency, another workable frequency can be found out.

What is line-of-sight propagation?

The radio frequencies above 30 MHz has the tendency to penetrate the ionosphere making
them unsuitable for long distance propagation. So, the range of frequencies from 30 to 300
MHz (also 300 MHz and above), which are placed under the Very High Frequency (VHF)
category are mainly used for line-of-sight communication. The most common example of
line-of-sight communication is the TV Telecast. Ham radio operators use VHF frequencies in
the range of 144-148 MHz (as well as 50 MHz in some countries) for line of sight
communication.

A TV transmission tower is made as tall as possible so that its signals can have a wide
area of coverage. To receive a TV telecast, we have to turn our TV antenna (known as a Yagi
antenna) towards the TV transmission tower. In areas where the TV transmission tower is
located at a far away place from a viewer, the viewer has to increase the height of his TV



receiving antenna. This means that both the transmitting and receiving antenna should
literally see each other to make the communication effective. Otherwise there should be
some means to redirect the signal back to the receiver. Artificial Satellites in space (which
houses active electronic relaying device), terrestrial relay station and passive reflectors (the
metallic plates we see above the hills) are employed to extend the VHF coverage. Line-of-
sight communication is considered reliable within a short distance (or even for long distance
communication if artificial communication satellites are employed), because instead of relying
on the ionosphere (whose propagation conditions are not under human control), relay
stations (known as repeater station) can be set up on tall towers. The relay station can cover
a certain area most reliably round the clock. Different services employing VHF for
communication also have their own repeater station.

Another advantage of VHF is that the size of the VHF equipment is very small
(because of its low power as well as miniaturization in the circuit design). A VHF
communication set is also popularly known as aWalkie-Talkie.We are certain that the above
description is sufficient to clear any doubt about the range of aWalkie- Talkie !

A Passive reflector

What are the two phenomenae significant in line-of-sight reception?

In case of line-of-sight reception, sometimes there may be two components of the signal.

One is the direct signal and other may be the signal reflected from the ionosphere (e.g. in

case of a 50MHz signal, which rarely gets reflected by the ionosphere). Both the signals leave

the antenna with the same signal phase, but travel different paths to the receiving antenna.

Thesepathsmaybeof different length. Because the reflected signal suffers 180 degreephase

reversal at the point of reflection, the two signals may aid or oppose each other in the

receiving antenna. The resultant signalmay be stronger or weaker than the direct path signal

alone, which is not desirable.

Theproblemarising outof theundesirable phase reversal phenomenoncanbe

overcome by varying the height of the antenna.



What is the temperature inversion phenomenon as applicable to the line- of-sight

communication?

The line-of-sight propagation is limited to the optical horizon and it is only about 75 km for
frequencies above 30 MHz; but it is found that in the spring, or sometimes in summer, this
line-of-sight propagation extends to about 500 kms. This is due to the presence of layer of
hot, dry air above a layer of cool, moist air. The direct waves are bent back which otherwise
pass over the receiving antenna.

What is 'Grey line' propagation as applicable to line-of-sight communication?
It has been observed that around sunspot maximum years at about 11-years intervals, the

daytime F2 layer, roughly 250-400 kms above the surface of the Earth, can often open long

distance paths of frequencies up to and beyond 50 MHz. In periods of low sunspot activity

very few long-distance paths are open above 25 MHz. Radio amateurs, whose transmitters

are so much less powerful than those used for broadcasting, have come to recognise the

importance of what is called 'grey line' propagation. This takes the form of reliable but brief

long-distance paths that open between places where the times of dawn and dusk, dawn and

dawn or dusk and dusk roughly coincide, giving rise to the possibility of extended 'one-hop'

propagation due to layer entrapment brought about by tilts in the F-layer, as the lower F1 and

higher F2 layers combine or separate.

What is a critical frequency?

The whole spectrum of radio frequencies suffer various degrees of refraction by the
ionosphere. Waves which are very slightly refracted can not return back to the Earth and if
not having adequate power, get absorbed into the ionosphere. Those having sufficient power
can penetrate the ionosphere depending upon the degree of refraction. The amount of
refraction is inversely proportional to the frequency of the wave. Obviously, lower the
frequency, greater is the refraction andhigher the frequency, lower is the refraction.Though
a greater refraction should cause the frequency to be returned back to Earth, it does not
happen always. During day time, the D layer (It is the lowest region of the ionosphere at a
height of about 50 to 90 km. It is not strictly a layer but a relatively dense part of the
atmosphere where atoms are broken up into ions by sunlight that recombine very quickly)
absorbs most of these waves prohibiting their entry into the E and F layers and hence does
notgetreflected. If thefrequencyofawavetransmitteddirectlyupward is steadily increased,
a point would be reached where the wave would pass right through the ionosphere. The
frequencyatwhich this occurs is called the critical frequency.All frequencies higher than this
will not be returned to Earth.

What is a beacon?

The beacon is nothing but a radio signal, usually in coded form transmitted from a particular
station to identify itself. The usefulness of the beacons is that they provide indication of
propagation conditions between any two locations worldwide. They also act as in-band
frequency reference for wireless experiments experimenting with transmitters. They also
provide reliable checking facility for beam antennae.

Whataredifferencesbetweenfade-outandfading?

Fade-out



It is the gradual phenomenon, that take place with the change of time of the day. Fadeout of

radio signal is related to the ionization gradient of the ionosphere, which decreases in

absence of sunlight. Since ionization is intense during day light hours, higher frequencies of

the short wave spectrum can be used during daylight hours. As the night approaches, signal

strength at that higher frequency decreases. Using a frequency at the lower edge of the HF

spectrum will yield satisfactory result against this fadeout.

Fading

As distinct from fade-out, fading is the constant variation of the received strength of radio
wave. To the listener it appears as gradual rising and falling of the volume. The signal waxes
and wanes and at times even drops below usable values. This phenomenon is manifested
chiefly in long-distance transmission. It is caused bymultiple reflections from the ionosphere
which cause two or more waves from the same transmitter travel over different paths of
different lengths and hence differ in phase and amplitude when they arrive at the receiving
aerial.

u Aerials

A General Note on Aerials

Aerial or antenna is a device, which acts as the mouth and ear of a radio transmitter or
receiver respectively. Though we don't notice any external aerial in many of the commercial
radio sets, they in fact, have aerials in built within the cabinets holding their electronic circuitry.
But a ham radio operator is mainly concerned with an external outdoor antenna without
which he can't expect to radiate radio energy into space from his radio transmitter. Similarly,
without an external outdoor antenna, his radio receiver will not be able to pick up the radio
waves speeding across the sky. A radio receiver might not need an external outdoor aerial to
receive high power radio transmissions. But most of the ham radio transmitters use
considerably low power (compared to the broadcast radio stations) which necessitates the
use of outdoor aerials. A low power transmitter with an efficient antennae system or a less
sensitive receiverwithefficientantennaesystemcanbemadetoworkbeyond imagination!

The aerials are usually made out of metallic rods or wires which are cut into specific
lengths.The aerial should not beplacedbehindany obstruction, conductingmaterials suchas
tin-roof, ferro-concrete and to lesser extent foliagewhenwet. The aerial should be as high as
practical above the ground and grounded objects such as metal roofs, power or telephone
wires etc.

Different types of antenna system used by ham radio operators:
u Horizontal Dipole,
u Inverted -V dipole,
u Yagi beam,
u Ground plan vertical,
u Cubical quad

Horizontaldipole is averypopularantenna,which isalsoeasier toconstructanderect.
Two supporting structures are (e.g. two bamboo poles) required to erect a simple horizontal
dipole antenna, whereas an inverted ‘V’ dipole antenna requires only a single pole which
supports the feed-point of the dipole.

Working function of a horizontal dipole antenna



A horizontal dipole antenna is a resonant antenna, which is half-wavelength long. Resonant
circuits are well-known in radio engineering as combination of coils and capacitors, which
causeasignalgainatcertainfrequencies.Thesameisappliedtoahalf-wavedipoleantenna.

It consists of two straight wire or rod sections, each 1/4 wave long and positioned in
one line (collinear).Theantenna is fed in thecentrebyacoaxial cablehavingacharacteristics
impedance of 50 Ohms or 75 Ohms.

Themaximum radiation direction is perpendicular to the axis from themiddle point.
The cause of directional radiation by a resonant 1/2 wave dipole antenna is that the radiation
intensity is proportional to the square of the current in the antenna, and in the dipole current
is maximum at the middle; hence the maximum radiation line passes through the middle of
the antenna perpendicularly.

Why half-wave dipoles are fed at the centre?

Most half-wave dipoles are fed at the centre, because in a half-wave resonant dipole,
maximum current point is at the centre of the antenna and this is theminimum voltage point.
It is easier to construct transmission lines for low voltage than for high voltage.

The other reason is that in a 1/2 wave dipole, the capacitive reactance and inductive
reactance cancel each other (the antenna being resonant), leaving resistance only as net
impedance. Under this condition, the antenna impedance is the resistance between any two
points equidistant from the centre along the antenna length making it easier to match the
transmission line impedance with the antenna impedance.

What is VSWR (Voltage Standing Wave Ratio) ?

When the transmission line does not match the load impedance (antenna impedance),
maximumtransference of energy to the antenna is not possible. The energy feddown the line
is transferred to the antenna only partially; in fact, some is reflected back, forming standing



waves on the line. Every half-wave along the line, high-E (Voltage) and Low-I (Current) points
appear. Halfway between these two points will be Low-E and High-I points.

The ratio of voltage across the transmission line at the high-E point to that at Low-E

points is called the VSWR.

VSWR=Emax/Emin

Or,
SWR=Imax/Imin

The SWR is also equal to the ratio of the characteristic impedance of the transmission

line to the impedance of the antenna (load), or vice versa. For example, if the line has a

characteristic impedance of 300 ohms and antenna impedance is 50 ohms, the SWR is

300/50, or 6. A higher SWR indicates a greater mismatch between the transmission line and

the antenna.

Whenthe load (antenna) impedancematches the transmission line impedance, there

will be no standing waves.

SWR=1:1 or 1

VSWR is greater than one for amismatched system and equal to one for a perfectly
matched system.

VSWR on a transmission line is caused by power being reflected back to the
transmitter from the antenna. If PF is the forward power and PR is the reflected power
measured in watts by a directional wattmeter, then VSWR can also be calculated by the
formula:

What is 'radiation resistance'?

When an antenna is excited into oscillation by a RF source, it radiates energy into space
acting as a source of power. The antenna,which is the source of powermust have an internal
resistance or impedance.

We have-

Power, P=I2R,

Where I=current,

R=resistanceIOr, R=P/ 2

Soincaseof theantenna, radiation resistance is theratioof theradiatedpower tothe
square of the centre current in the antenna.

Radiationresistance isalsodefinedasafictitious resistance,whichwhensubstituted
for the antenna would consume as much power as the antenna radiates.

Radiationresistance isalsocalled 'Feed-point' impedance; incaseofadipoleantenna

feed point impedance is nearly 73 Ohms.



Why impedance matching is necessary in an antenna and transmission line system?

Impedance matching is of utmost importance so far as energy transference from the
transmitter to theantenna through the transmission line is concerned;because,mismatching
will prevent maximum output being radiated, i.e. if the transmission line impedance doesn't
match the antenna feed-point impedance, a part of the energy fed down the line will be
reflected back from the antenna causing standing waves on the line; it makes the system
inefficient.

Mismatching a transmission line to an antenna results in the line at the transmitter
endappearing tohaveeither inductive reactance (Xi) or capacitive reactance (Xc),whichwill
detune the inductance-capacitance (LC) circuit towhich it is coupled;mismatching shouldbe
avoided so that final stage of the RF amplifier is not detuned.

In many of the commercial wireless equipment, mismatching should be strictly
avoided to prevent damage of the circuitry.

What is a current fed antenna?

There are many methods of feeding energy to an antenna. The antenna is said to be current
fed when excitation energy from the RF-generator is introduced to the antenna at the point
of high circulating currents. The example is a 1/2 wave dipole antenna. In this case, the 1/2
wave antenna is cut in two parts at the midpoint and energy is fed by co-axial transmission
line.

In a dipole antenna maximum current flows through the middle point, hence it is
current fed antenna with a characteristic feed point impedance of about 73 ohms, which is
considerably small as compared to end point impedance of the antenna. Midpoint is the low-
voltage point.

What is a voltage fed antenna?

When the excitation energy from the RF source is introduced at the point of maximum
voltage, theantenna is said tobe voltage fedantenna. Theexample is the 1/2waveunsplitted
antenna excited by a resonant R-F line. Voltage changes at this point excite the antenna into
oscillation.The impedanceat theendof theantenna ishighor it is thehigh impedancepoint.

Anymultiple of a 1/2 wave resonant antenna may be end-fed by using a tuned feeder
system leaving one end of the feed-line unconnected. This antenna is also called Zepp (used
earlier on Zeppelins) antenna.



Different types of antenna system impedance matching procedure
u Using the proper transmission line for each particular antenna is a way of achieving

impedancematching. For example, a 1/2wavedipole hasamidpoint impedanceof 73
ohms, so coaxial cable transmission line which has a characteristic impedance of 75
ohms is used to feed the R-F energy into the antenna.

u Delta match: This type of matching procedure is used with an unsplitted 1/2 wave
dipole antenna; the dipole being resonant, its capacitive reactance (Xc) and inductive
reactance (XL) cancel each other, leaving resistance only as net impedance. Under
this condition, the antenna impedance is the resistance between any two points
equidistant from the centre and thus transmission lines having characteristic
impedance of 300 to 600 ohms be used by getting two points of the antenna to feed
where it offers a feed point impedance equal to transmission line impedance.
Todo so, it is essential to spreadout the feedersat theantenna
end. The formula used tomake this type of matching are :
B=(0.25xWavelength)/2;whereB is thedistancebetweenthetwo feedpointwhichwill
offer 600 ohmsimpedance.
And C=(0.32 x wavelength)/2, where C is the vertical distance upto

which spreader should be spread (the inclination).

u Stub Match : A shorted stub of 1/2 wave length or open stub of 1/4 wave can be
connected to the splitted dipole. Here the lowmidpoint impedance of 73 ohms of the
dipole is repeated at the close end of the stub; but there are cetain points on the stub
which would offer as high as 600 ohms impedance yet matching with 73 ohms feed
point.

(d)



u Gamma Match: Here outer sheath of the 75 ohms coaxial cable is connected to the
middle point of the unsplitted dipole, while the inner conductor is connected to a
point through a capacitor to cancel inductive reactance, so that antenna impedance
at feed point is 75 ohms. Gammamatch is slightly unbalanced.

u T-Match: In this type of impedance matching, two coaxial cables are held side by side
and both their outer sheaths are connected to themidpoint of the unsplitted dipole,
while two points are chosen on the dipole where inner conductors going parallel to
each other (ofthe
coaxial) are connected.

(g)

u 1/4 wave transmission line impedance matching device: A 1/4 wave line can act as an
impedance matching device between high and low impedance circuits if it has the
proper intermediate impedance found from the formula: Z
= /Z1.Z2
WhereZ1=antennafeedpoint impedance;Z2maintransmission line impedance.
When we want to match a 300 ohms transmission line to a 70 ohms feed point
impedance dipole antenna, then the 1/4 wave transmission line connected between
both the system should have Z= / 300 x 70 = 145 ohms

What is a Yagi antenna?

When a half wave dipole antenna consists of one or more parasitic arrays, the antenna
becomes parasitic beam antenna, named as "Yagi" after its designer Proff. Yagi, Japan.

The antenna consists of mainly three elements, the 1/2 wave splitted dipole driven

element (either folded or straight), in front of this driven element is the 5% shorter director

element, back of the driven element is the 5% longer reflector. All the elements can be

assembled on a single conducting boom. This antenna beams radio signals in the direction of

the director and theoretically no signals to the backward direction. Yagi antenna ismost



commonly used for very high frequency (VHF) work. Because of shorter wavelengths, it is

easier to construct a Yagi antenna for VHF work than the HF work. Instead of using a folded

dipole (the driven element), as shown below in the diagram, the driven element can be kept

unfolded(straight). In thatcase, the feed-point impedanceof theantennawouldbearound



Part-IV

Studymaterial to learnMorseCodeThe

International MorseCode

The telegraphic code used for amateur radio telegraphic communication is the International
Morse Code consisting of dot (.) and dashes (-). In Morse Code a dot (.) is made by pressing
the telegraph key down and allowing it to spring back up again rapidly; and for making a dash
(-), the key is held down for a bit longer period. It is said that a dash(-) unit is three time longer
than a dot(.) unit. The Morse Code in fact consists of combinations of aurally distinguishable
tones. A tone produced for short duration is a dot tone and a tone three times longer than this
tone is a dash tone.

A Morse Key

To practice Morse Code sending, a novice can use a small device called the 'Code
PracticeOscillator' (CPO). This is a small electronic circuit capable of generating a sinusoidal
audio tone when a key (or switch) is made 'on' or 'off' manually. The circuit of a CPO shown
below can be easily assembled by a novice.

A Code Practice Oscillator (CPO) circuit

It is advisable not to start practice sending the Morse code until the novice is

proficient in receiving Morse code. For receiving practice, you have to rely on a ham radio

operator who can send/generate Morse code using a CPO or you can try to find out Morse

Code transmissions over your radio receiver. Morse code practice cassettes and multimedia



computer software are nowadays available. Mere gaining confidence in sending does not

qualify you to be an expert receiver! In fact you may not be able to receive a single letter in

Morse code even if you gained a sending proficiency of 12 words Per Minute (WPM)!

Remembering theMorse codes is an art by itself. It involves a rhythmic response in yourmind.

Try to remember the combination of dot (.) and dashes (-) by their sound and not as a group

of printed symbols. For this purpose, a dot (.) is referred to as a 'di' and a dash (-) as a 'dah'. A

'di' coming at the end of the combination is pronounced as 'dit'

The letter 'R' is represented by '. - .' (di dah dit) in Morse code. The time taken to

produce the sound equivalent to one 'di' or 'dit' (dot) is taken as unit time and called a dot

unit. A 'dah' is approximately of three dot units length and the space between two sound

elements of a letter is one dot unit, i.e. silence period is one dot unit. The space between two

letters or characters is equal to three dot units. The space between twowords is equal to five

dot units. The word 'cat' can be represented as -.-. .- - (dah di dah dit di dah dah)

Morse Code speed

The minimum speed to qualify for a Grade II licence is 5 words per minute (5 wpm). 5
letters/charactersconstituteaword.Amessagecontaining125 letterswhensent in5minutes
or when received in 5 minutes makes your speed 5 wpm.
125/5=25 words in 5 minute; i.e. 5 words per minute.

In fact Morse code devised by Samuel F.B. Morse (1791-1872) is a primitive type of
digital communication which still works efficiently in this era of microprocessors and
computers.

Morse code is also called CW, i.e. Continuous Wave, in the sense that a constant
amplitude interrupted radio frequency wave is transmitted; interruption being made in
conformity with the code.

Analog and Digital methods

The electrical telephone and telegraph are very simple examples which illustrates the
difference between the analog and digital methods. In the telephone, the information is
transmitted from one end to the other via a current which varies continuously as direct
equivalent of sound waves striking the microphone-the analog approach. In the telegraph,
the information is encoded (cyphered) and sent as a sequence of current/no current pulses
illustrating the digitalapproach.

Why Morse code is still in use?

It was deemed important that ham radio operators prove an ability to transmit and receive in
Morse Code signals. In the last 50 years, however, the International Telecommunication



Union (ITU) has reviewed and modified the amateur Morse Code requirement at every
international conference capable of changing it. In 1947 (Atlantic City) the ITU agreed that
Morse proficiency should only be required when the operation took place on frequencies
below1000 MHz (1 GHz). AtWARC-59 (The 1959World Administrative Radio Conference) this
level was dropped to144 MHz. A further reduction was made at WARC-79 to its presents 30
MHz.

Despite the capability of voice communication, Morse code is still in use. One

important reason is that a vast group of the radio amateurs still adore Morse code. A ham

radio operator employing digital communication techniques (like Packet Radio, Radio Tele

Typing-RTTY or AMateur Tele-printing Over Radio- AMTOR) in his ham radio operation

treats Morse codewith much the same affection he has for those modern innovations!

A ham radio operator wearing his headphone and the Morse Key in hand can send
messagessilentlywithoutdisturbinghisfamilymemberswhomightbesleepingcomfortably!

Another reason is that short wave radio telephone (voice) signals often suffer very

rapidanddeep fading; two frequencies separatedbyonlya fewhertz, fadeat different times.

To overcome this, modulated code tones are transmitted. The situation is now that under

severe conditions of fading, the carrier frequency may fade out completely but one or the

other side bandmay remain strong as a result a continuously readable signal is received. This

is the reason that we hear a band full of exotic sounding CW call-signs at any time of day or

night. When the a band appears to be dead, and we can barely copy phone signals, the band

remains alive with many CW signals.

Why this be so?

uThe answer is that to communicate human speech, a wider bandwidth is required than
that of the CW signal. With a smaller bandwidth the 'signal to noise ratio' of the receiver is
significantly improved, and the threshold at which signals can still be received above the
noise level is therefore extended.
u Also, it is possible for the human ear to be able to resolve CW signals which are only

marginally above the noise level, whereas SSB signals of the same signal level could not be

copied. It has been suggested that CW has

anadvantage of approximately 20dB over SSB signals. A narrowband-pass filter improves
the CWreception.

How to learn Morse Code?

Many newcomers seek exemption from 'tiresome' Morse test for Short wave operation. This

is unfortunate as the Morse code is the key to enter into the world of ham radio with a very

little monetary investment. A novice can assemble a simple Morse code transmitter with

lesser technical hurdles than that of aSSBVoice transmitter.Morse codecanbe learnteasily if

we use certain techniques to remember the codes. Learning the Morse code can also be

considered as an entirely personal venture embarked upon by alone. Following points should

be kept in mind while learning the Morse code-

u Try to remember the codes from their sound.
u Don’t begin with a practice to send. Sending is much easier compared to receiving.
uDuring receiving of a message, don’t write down the ‘dot’ and ‘dash’ combinations.
Directly write down the letters in running hand. Don’t bother to know the content of
themessage. Just continuewriting the letters one by one and leave a spacewhen you
are not sure about the letter. If you wait wondering about what the letter was, you



would get stuck and in the process many letters would pass by you, which you would
not be able to jot down.

THE INTERNATIONAL MORSE CODE

A . _ J . S . . . 1 .
B _... K _ . _ T _ 2 ..
C _._. L ._.. U . . _ 3 ...
D _ . . M _ _ V ..._ 4 ...._
E . N _ . W . _ _ 5 .....
F .._. O _ _ _ X _.._ 6 _....
G _ _ . P . . Y _. 7 ...
H .... Q ._ Z .. 8 ..

I . . R . _ . 9 .

0

PUNCTUATIONS

. (Period) ._._._ (AAA)
, (Comma) .. (MIM)
? (Questionmark)
; (Semicolon)

.. ..
_._._.

(IMI)
(NNN
)

- (Hyphen)
Error sign

_...._ (BA)
........ (8

dots)
Sentence separation indicator _..._ (BT)
End of transmission of a
message

._._. (AR)

Invitation to transmit _ . _ (K)
Wait ._... (AS)

End of work ..._._ (VA)

Almost all the letters/characters and punctuation marks can be arranged in certain
groups which can used to show the resemblance between/among the combination of dot
and dashes. For example the letter 'A' (. _ ) is the opposite of 'N' (_ .). Similarly, the letters A,
U, V and the character 4 can be made into a group which shows a definite sequence. Given
below is a table of such combinations.

A

U

V

4

. _

. . _

..._

...._

T

M

O

_

_ _

_ _ _

N

D

B

_ .

_ . .

_...

E

I

S

H

5

.

. .

. . .

....

.....

W

G

. __

_ _.

Y

Q

_.

._

K

R

_ . _

. _ .

P

X

. .

_.._

L

F

._..

.._.

A

N

._

_ .

D

U

_. .

. . _

B

V

_...

..._



Part-V
Safety Measures in a Ham RadioShack

Electricity is oneof themostmagnificent discoveries that themankind has achieved since the

dawn of civilization. We are now wholly dependent on this wonder of science. Without

electricityour lifewillbecomemiserableandprobablythelifewill cometoastandstill. It is the

backbone of an industrialized society without which progress of a society can't even be

dreamt of. Functioning of all the fields of science are wholly dependant on the availability of

electricity including your ham radio! While electricity has made our life full of comfort and

ease, it has also the potentiality to create heavy destruction if we do not take adequate

precautions against its potential ills. A casual attitude towards the electricity should always be

avoided.

The ham should keep his wireless equipment in a protected place, so that, it can not

be operated by any unauthorized person in his absence. All the equipment should be properly

installed and precaution should be taken

so that they don't create electrical hazards. For this and the safety of the other
people in the house, equipment should have proper ground connection (an alternative path
totheEarth).Thoughtheswitchboardsocketshavethefacility to insertathreepinelectrical



plug (the male plug from our equipment), the wire connecting to the ground from the third
hole of the socket may remain disconnected somewhere without our knowledge. This may
create a risk to your life because the electrical equipment's current carrying wires are
vulnerable to insulation breakdown due to many reasons.

Under such circumstances, if a current carrying wire touches the metallic portion of
the equipment, current will start flowing in that portion also. Under such a situation, if we
touchan electrical gadgethoused in ametallic enclosure,wemay get electrocutedaswell! In
fact electrical currents seek for the paths of low resistance. In the above situation, if we are
bare footed, then these electrical currents will find their easiest path to the Earth (Ground)
through our body and simulate a close circuit situation. Our body will heat up (because the
human body too offers resistance to the flow of current) and we will die! In a different
situation where the metallic portion of the electrical gadget is properly grounded with the
help of a good conducting wire (e.g. copper), even if we touch the current carrying metallic
portion, most of the current will flow through that grounded copper wire only causing less
damage to our body. A part of the current will still find their path to the ground through our
body because we are still bare footed! So the highest safety measure is to wear shoes made
of insulated material (which do not conduct electricity) and keep us separated from the
ground (the Earth). In this situation, even if we accidentally touch the current carrying metallic
portion of the electrical gadget, current will not able to find their path in to the ground
through our body and we shall remain safe. In no case, the 'phase' (current carrying) and
'neutral' wires should be touched by your hand simultaneously. Doing so will create the most
potential risk to your life, because, current from 'phase' to 'neutral' will now flow from one
hand to the other hand (if you use both your hands to touch the 'phase' and 'neutral' !)
through your body and you will be getting killed in the process!

So, always:
u Check for proper ground connection in the electrical wiring of the house.

u If possible connect an extra conducting wire to the ground (you can tightly tie the wire
on to awater pipe) from themetallic enclosure of the electrical gadget.

uDon't touch electrical gadgets withwet hand.Water reduces the resistance of the skin of
our body and as a result electrical currents find their easy entry into our body!

u Always wear insulated shoes (rubber, plastic etc.)
u A dry wooden board can be kept on the floor which will provide additional insulation.
uTheelectricaldeviceshouldhavea'fuse'asperthecurrentratingofthedevice.Forexample,
if theequipment is designed toallowacurrent of 5ampere, the 'fuse' should alsobe rated5
ampere. Any more current due to short circuit will blow the fuse and inactivate the
equipment. This will prevent further damage of the equipment and other electrical wiring will
remain safe.

uThere should be amain switch (called the "Big Switch"!) at your easy reach.While closing
down your ham radio operation, this switch should be pulled to disconnect all the
equipment at the same time. That is why, in ham terminology, many operator's use the
phrase "Pulling the Big Switch" to indicate that he is closing down his station!

uNow-a-days, miniature circuit breaker switches (MCB) are also available. This type of
switches provide safety to the electrical gadgets connected to the electrical sockets by
automatically disconnecting them from the current in the event of a short circuit in the
electrical wiring.

u The fuses in the electrical meter box should not be tempered with. A blowing fuse
indicates that an electrical gadget is drawing more current than its specification.
Alternatively, youmay be using toomuch of electrical gadgets in your house resulting in a
current flow which exceeds your allotted rating. In such a situation, if you increase the





Government of India
Ministry of Communications & I.T.
Department of Telecommunications

WPC Wing

No. L-14011/255/2004-AMT

ONice Memorandum

Dated: 13/8/2010

Subiect: Guidelines and clarification in the context of Indian Wireless
Telegraph(Amateur Service) Amendment RuIes,2009 dated 1st April,2010 and Indian
Wireless Telegraphs(Amateur Service)Amendment Rules,2005 dated 9th June,2005

The undersigned is directed to refer the amendment rules mentioned abova and
to inform that they have come into effect from the date of issue of the last amendment.
i.e. from 1* April, 2010 onwards.
2. The following guidelines are being issued to bring clarity to all those Amateurs,
existing as well as the prospective Amateurs in India in the light of the above
amendments.
3. Tne major changes in the licensing rules are tabulated below that compares the
position before and after the amendment.

SI
no

| Category ! Existing As per Amendment

1 Licenser categories 2 . Advt Grade 1. General.
2. Restricted.

3. Gr.II.

4. Gr.il( R )

5. SWL

2
t
Examination Fee Rs.10 (Rest. & Gr. II),

Rs. 20(Gr.-I), Rs. 25 (Adv. Gr.)
Rs.100/- for each grade.

3 Period oJ Validity 2 and 5 years 20 years and lifetime.

4 I Licence Fee Rs. 25(Rest & Gr.Il),Rs. 40

(Gr.-I), Rs.50 (Adv. Gr.) for 2

years
Rs. 60(Rest.& Gr.II), Rs. 40
(Gr.-I), Rs.50 (Adv. Gr.) for 5
years.

Rs.1000/- for 20 years and

Rs. 2000/- for lifetime for

each grade.

5 Renewal. --do-—------ 20 years and Rs.1000/-



6 Period oJ late renewal
and surcharge.

5 Years. Rs.10/- for every half
year

S Years.
Rs.100/- for every half year

or part thereof.

7 Fee for change of
location:

Rs. 5/- Rs.200/-

B Fee for mobile
endorsement:

Rs. 10/- Rs.200/-

9 Fee for issue of
duplicate of licence:

Rs. 10/- Rs. 100/-

10 Fee for duplicate of
renewal licence slip:

Rs. 5/- Rs. 100/-

4. The existing Grade II and Restricted category shall be migrated to the new
‘Restricted' category at the time of their next renewal after the payment of revised fees
for 20 years or lifetime as the case may be at the request of the applicant. This is also
applicable to those whose case sheets are pending at WPC for issue of new license.
The old license type will be indicated in their license to distinguish them from those who
seek licensee afresh based on the new notification.

5. It is also desired that those who apply for the renewal should register in the WPC
website and file their application 'online’ also. The request for renewal should enclose
the Acknowledgement slip for the ‘online’ submission along with the demand draft and
other documents.

6. Those who have qualified in the Amateur examination and yet to receive the
license may receive a communication from this Ministry for the payment of revised fees.
This letter shall be issued only after the Intra-Ministerial clearance is received from the
concerned Ministry. It is therefore requested that the license fees should not be sent
without receiving any letter from this Ministry.

7. Those licensees who have already applied fo renewal and who are yet to
receive the renewal certificate may send the request along with the necessary fees. i.e.
Rs.1000 for 20 years and Rs.2000 for Lifetime. The option for 20 years or lifetime should
be clearly mentioned in the application form.

8. The frequency, emission and power authorized to the Amateurs in India have
been revised as per Annexure-I. These are issued in the light of the NFAP 2008, which
is already available on the WPC website.

9. The NFAP review committee is periodically meeting to discuss the changes that
are required in the spectrum management in India considering the technical changes
that happens in India, Industrial development/technological transfers into India, ITU



regulations etc. The Amateur clubs yvho advocate the causes of the Amateurs are
requested to actively participate in this Committee to put forward any new proposals with
regard to the frequency bands, power of transmission etc used by Amateur in India. No
proposal shall be considered by WPC unless it is accepted by the NFAP review
committee.

1D. The revised syllabus for the Amateur is placed at Annexure II of this OM. The
exams as per the new pattern shall be conducted by the various Wireless Monitoring
Stations. The applicants may contact the respective Monitoring stations for the schedule
of the examination.

11. The call-sign block VU2 shall be reserved for “General" grade and block VU3 to
“Restricted Grade for future licences.

12. This O.M shall supercede the “Frequency bands, Emission and Power that was
notified by WPC Wing through its notification dated 4° October1985.

13. For further clarification, comments if any, the undersigned may be contacted.

Encl: As above

To,

(Munesh Kumar)
Assistant Wireless Advisor.

All concerned

Copy to:

1. Director (WM), Wireless Monitoring Headquarters, PushpaBhawan.
2. Engineer-in-Charge(ER/WR/NR/ SR)
3. JWA/DWA Regional Licensing Office, Delhi, Mumbai, Chennai, Kolkata, Shillong.



Annexure-I

Category
ofLicense
(New) and

Bands

Frequency bands Emission Max DC Input Power unless
Otherwise specified

Remarks

Restricted
Grade

1820-1860* KHz

A3E,H3E,
J3E,R3E

50 watts Old “Grade II”
Licensees are
also authorized
to use AIA
emission in
these bands.

3500-3700” KHz

3890-3900” KHz

7000-7100KHz
7100-7200 KHz

14000-14350 KHz

18068-18168$ KHz

21000-21450 KHz

24890-24990$ KHz

28000-29700 KHz

50-54 MHz F1B,F2B, F3E,F3C 10 Watts

144-146 MHz

-Do- 10 Watts

Old “Grade II”
Licensees are
also authorized
to use AIA
and A2A

emissions in
thesebands

434-438@ MHz

General
Grade

1820-1860” KHz
AIA,A2A,A3E,H3E,
J3E,R3E, F1B,F2B,
F3E,F3C, A3C,A3F

400 Watts3500-3700” KHz

3890-3900” KHz

7000-7100 KHz

7100-7200 KHz

14000-14350 KHz

18068-18168$ KHz

21000-21450 KH2



General
Glade

AIA,A2A,A3E,H3E,
J3E,R3E, F1B,F2B,
F3E,F3C, A3C,A3F

400 Watts

24B90-249908 KHz

28000-29700 KHz

50-54 MHz F1B,F2B, F3E,F3C 25 Watts

144-146MHz -Do- 25 Watts

434-438@MHz
-Do- 25Watts

5725-5840@MHz

* On primary shared basis as per the relevant provision of Radio Regulations.
$ Authorization is on non-interference and non protection basis.
@ On secondary basis as per the relevant provisions of Radio Regulations.

Note:
(i) All the allocation subject to the relevant provisions of the Radio Regulations.
Amateur satellite service is permitted for General Grade in the appropriate sub bands in
accordance with Radio Regulations and in those cases the maximum output RF power
(eirp) is 30 dBw.

(ii). The above authorization is subject to site clearance as per the procedure
prescribed by the Standing Advisory committee on Radio frequency allocation (SACFA)
asapplicable.

(iii) For A3F emission, the transmission shall be restricted to call-sign of the station,
location and other particular of the station. They shall be limited to point to point test
transmission employing a standard interlace and scanning with a bandwidth not more
than 4 KHz.

(iv) DC input power is the total direct current power input to the final stage of the
transmitter.



Annexu e
SYLLABUS

SYLLABI S ANO THE DETAILS OF EXAMINATIONS FOR THE AWARD OF

.^.MATEUR STATION OPERATOR'S LICENCE (Restricted) and (General)

1. The examination shall consist of the following two parts:

PART I - Written Test

It shall comprise of one paper containing two sections as under:

Section A: Radio Theory and Practice

Note- J,pt:.ioants hoicling degree in Engineering/Science or Diploma in Engineering and
having studied electronics or telecommunications shall be exempted front appearing in
Sectir›n .4 of Part I of the test.

PAPT II - Morse (Un1y far General Certificate)

Morse reception and sending (8 wpm)

2, D*tailed s ’Ilabus:

2.1 Amateur Station Operator's Licence (Restricted) Examination

Part I — Written Test

Section A: Radio Theorv and Prac tice:



{i) Elementary Electricity and Magnetism:

1. Elementary theory of electricity- Passive Devices (Resistors, inductors,
Tran.nfcrmers, Capacitors) andActive Devices (Diodes, Transistors).

2. Kirchotf’s curre It and voltage laws- Simplc applications oT the law.

3. Gonducturs and Insulators - Properties, units o\ circuit elements, Ohm’s Law.
4. Conductance - Definition ot self and mutual inductance,
5. Power and energy- Definition, Units and simple applications.
6, Permanent magnets and electromagnets — Definiti‹›n, pi operties and their use.

(ii) Elementary Theory of Alternating Currents:

1. Sinusoidal alternating quantities -- Detiniticn of peak, instantaneous, R.M.S ,
average values and its simple app(ication.

2. Phase, reactance, impedance, power factor- Definition, units and simple
applications.

3. Parat1el and Series Circuits - series and parallel circuits containing resistance,
ii d«ctance, capacitance, resonance in series and parallel circuits, coupled
circuits.

4. Rectifiers, voltage regulation and smoothing circuits - Their basic knowledgeand
simple application.

(iii) Elementary lheory of Semiconductor Devices:

1. Diodes and transistors- Properties use of these devices for construction of
amplifiers, oscillators, detectors and frequency changers.

(iv) Radio Receivers :

1. Principles and operation of T.R.F. and super heterodyne receivers.
2. CW reception.



3. Fteceiver characteristics sensitivity, selectivity, fidelity, adjacent channel and
image interference, .V.ñ. si d squelch/circuits, signal to noise ratio.

(v) Transmitter :

1. Principles and operation oT low power transmitter, crystal oscillators,stability
of osciltatnrs.

2. Uasic knowledge about construction of Semiconductor based transmitters.

(vi) Radio Wave Propagation:

1. Basic knowledge of Electromagnetic Spectrum.
2. Wave length, frequency, frequency bands.
3. Nato re and propagations of radio waves, ground and sky waves, space

waves, skip distance, skip zone and fading.

(vii)Aerials: Common types of transmitting and receiving aerials.

(viii) Frequency Measurement: Measurement of frequency and use of simple

frequency meters.

Section B: Radio Requlations:

(a) Knowledge of .- (i) the Indian Wireless Telegraph Rules, 1g73.

(ii) the Indian Wireless Telegraphs (Amateur Service) Rules, 1978 and amendments.
(b) Knowledge o* ITU Radio Regulations as relating to the operation of amateur stations

with particular emphasis on the following:

Item Provision of Radio Regulation (2008edition)
Designation of ñ.m siun.

Nhonetic)alphabets and figurecode.
£? i

Append.x 14
V t Article 2

Freq enayaieocati nFor Aea eur Sea iees.' * Article 5



Interference, measures against interference & tests.

identi1ication of Stations.
Distress Signal, Call andMessage. Transmissio nS.

Urgency Signal, Call andMessage ñ"ransmissions.

Amateur Station.

Call Sign series attocated to India.

Article 6
Article 19.
Article 30, 31, 32 & 33.

Article 30, S1, 32 & 33

Article 25
Appendix 42

(c) Standard Frequency and Time Signals ServiCeS iF\ the V7Oftd.

(d) Tt e following 'Q' codes and abbreviations shai\ have I(ie same meat ing as assigned

to them in the Convention.

QRA, QRG, QRL1, QRI, QRK, QRA., QRM, ORN, QRQ, QTS, QRT, QRU, QRV, Qf1W,

QRX, QRZ, QSA, QSK, QSL, QSO, QSU, QSV, QSW, QSX, QSY, QSZ, Q1G, QTH,

QTR, and QUM.
Abbreviations: AA, AB, AR, AS, C, CFM, CL,CQ, DE, , NIL, OK, R, TU, VAT WAN \1’ .

Note: -
1. The written test will bu of one hour duration. The maximum marks will be 100

and candidate must secure at least 40 % in each section and 50”.e in aggregate for a

pass.

2. There will be NO Morse test for restricted grade.

2.2. Amateur Station Operators' License{General) Examination

Part I - Written Test

Section A: Radio Theory and Practice

In addition to the syllabus prescribed for Amateur Station Operator’s License
(Restricted) examination, following items shall be included in the syllabus of Amateur
Station Operators’ license (General) examinations:-

(i) Principles ofCommunications: ,



1. Elementary idea of analog and digital communication.

2. Need for modulation; Mudulattcn- amplitude, frequency and pulse modulation.

3. Elementary idea about demodulation.

(ii) Alternating current:

1. Basic conccpts on construction nf transformers.
2. Definition of l“ransformer losses.
3. Transformer as a matcl ing dsvico

(iii) Semi Conductor devices a»dTransistors:

1. Elementary principles of conduction and construction;

2. Symbols and biasing methocls.

(iv) Power Supplies:

1. Basic knowledge of half wave and full wave rectifiers.

2. Definition and application of Bridge rectifier, smoothing and regulating circuits.

(vii) Transmitters andReceivers:

1. Elementary principles of transmission and reception of Facsimile and Television
signals,

(viii) Propagation:

1. Characteristics of ionosphere and troposphere.
2. Properties of iunospherc layers.

3. Critical frequency and day / night frequencies.

(ix) Aerials:



1. Principles of radiation.
2. Aerials for different frequency bands including aerials for microwave,

(x) Space Communications:

1. Elementary principles of communication via satellites.

Section B: Radio Regulations

San se syllabus as prescribed for Amata.ur Station Operators' Licanse (Restricted)

examination,

The above written test will be of twohour duration. Themaximummarks wiki be

100. A candidatemust secure at teast 50% in each section and 600a inaggregate for a

pass.

Part II - Morse

Morsn receiving: (Speed: 8 words per minute)

The test piece will consist of a plain language passage of 200 characters which may
comprise of letters, figures. Test piece may also contain the To\lowing punctuations ie full
stop; comma; semi colon; break-sign; hyphen and question mark. The average words
shall contain five characters and each figure and pt nctuation will be counted as two
characters. The test will be for five consecutive minutes at a speed of 8 words per
minute. Ashort practisepieceo1oneminute shall besentat theprescribedspeedbefore
the start of the actual test. Candidates will not be allowed more than one attem t in
Mor*e reception and sending test. The test may be written in ink or pencil but must be
legible. Over-writing will be treated as error. If any correction is required the candidate
may struck the wrons character and write the correct above the character. Store than 5
errors will disqualify a candidate. However if a candidate receives without any error in
anypartof thepassagecontinuously foroneminutedurationwillbedeclaredsuccessful
in the Morse reception test.



i\horse Sending (Speed: B words per minute)
The test piece will be similar to Morse F\eceivin¿ test for Amateur Station

Operators’ I.icense (General) examination. Candidates are required to send for five

consecutive minutes at a speed not loss than 0 words per minute. Other conditions are
the same as app1icable to Amateur Station Operators.’ License (Ceneral) examination.

Note- A candidate shall have to pass both receiving and set-idif g sift ultaneously.



Note.

Samplequestionpaperof theexamination forawardofAmateur
StationOperator’s Licence (General andRestrictedGrade)

Government of India
Ministry of Communications &lT

Department of Telecommunications

1. All questions are of L/IuItipIe Choice type.
2. Maximum marks 100.
3. Restricted grade candidates have to answer the first 25 questions(each question

carries Two marks) from each section and the time allotted for it is One hour.
4. General glade candidates have to answar all the 50 questions( each question

carries One mark) from each section aod the time allotted for it is Two hours.

SECTION-A
(Radio Theory and Practice)

1. The Transformer works on the principle of ( ]
a) Self Inductance b) Mutuai inductance
c) both a& b d) None

2. The Frequency of oscillation of a series RLC resonant circuit is
ay f=1/2v3LC b) f=1/TrVLC
C) f=2Tr LC d) None

3. The C’apacitor is a
a) Passive device b) Active device
c) both a & b d) None

4. The frequency of a sinusoida! signal v(s)=10sin100( volts is
a) 100/2s cis b) 50 cis c) 100 cis d) 100t cis

5. The resistance value of an Insulator is
a) Zero b) Very High c) Less than unity d) None

6. TheConductance is proportional to
a) Resistance b) Inverse of Resistance
c) Reactance c) Inverse of Reaaance

7. The power can be expressed as
a) V=IR b) P=Vt c) P=I2R d) both b & c

8. The Lawbehind electromagnetism is
a) Newton’s law b) Faradays law
c) Kirchoffs law d) keplers law

9. As per Kirchoffs voltage law, in a closed circuit
a) All the branch voltages meeting at a node should be zero
b) All tha branch currents meeting at a node should be zero
c) The sum of all the voltage drops is equal to applied voltage
d) None of the above



IO. The Impedance of a resonant circuit is 1 1
a) Zero b) Equal to resistance
e) Unity d) Equal to reactance

11. The Bridge rectifief is a t 1
a) Fult-wave type b) Half-wave type
c) both a & b d) None of the above

12. A Diode can be used as I J
a) Rectifier b) Detector c) Switch d) All the above

13. An Oscillator isbased on ( )
a) Positive feedback b) Negative feedback
c) No feedback d) both a & b

14. The output signal of an CE arriplifier will be [ ]
a) 45 deg out of phase b) 90deg out of phase
c) 180 deg out of phase dj 270 deg out of phase

15. In the process of modulation in communication system ( J
a) Signal frequency is more than carrier frequency
b) Signal frequency is less than carrier frequency
c) Signal frequency will be directly transmitted
d) Signal frequency equals carrier frequency

16. The typical value of IF in a Superhetrodyne receiver is y
a) 430KHz b) 455KHz c) 500KHz d) 405KHz

17. The output signal of a detector in a communication receiver is in
a) Audio Frequency range b) Radio Frequency fange
c) Intermediate Frequency range d) None of the above

18. In a Radio receiver, the sensitivity will begoverned by { y
a) RF • b) Detector c) AF d) None of above

49. Thp noise in a Radio receiver can be expressed as
a) S/N ratio b) N/S ratio
c) Level of reference signal d} None of above

20. The following type of Oscillator will be more stable
a) RC Oscillator b) Hartley Oscillator

C) Colpitts OCcillator d) Crystal Oscillator
21. The length of a dipole for a signal frequency of 300MHz is [ j

a) 10 mtrs b) 1mtr c) 0.1mtr
22 The frequency 7100 XHz can be transmitted by

d) 1 cm
( j

a) Troposphoric propagation b) lonospheric propagation
C) Ground wave propagation o) Surface wave propagatioTt

23. The most suitable antenna for receiving VHF range is [ y
a) Dipole b) Log periodic c) Yaagi

24. The ship distance is the distance between
d) None of the above

a) Transmitter and Receiver
c) Receiver and Tonospheric layer

b) Transmitter and lonospheric layer
d) Between two lonospheriq lawyers

n td-...3



25. In AIA transmission I I
a} Amplitude of the carrier is modulated
b) Frequency of the carrier is modulated
c) Both a & b d) None of above

26.The colour bands of a 4.7KGA5%resistor are i j
a) Yellow, Violet, Orange and Gold
b) Yellow, Violet, Red and Go\d
c) Yellow, Violet, Orange and Silver
d) Yellow. Violet, Red and Silver

27.A signal(f ) is amplitude modulated with a carrier(fg, the frequency
value of Lower SideBand is
a) Ip- f b) f„,+ f, c) f,- fa a) f,+ Ip

28.The doping concentrations af Emitter, Base and Collector in a
NPNtransistor is
a) Heavy, Moderate andLight b) Heavy, Light andModerate
c) Moderate, LightandHeavy d) Moderate, Heavy and Light

29.The wavelength of a signal v(s)-5cos 61Y10 t is ( 1
a) 100m b) S0m c) 100cm d) 50cm

30.The Mutual Inductance(M) between two coils of Self InductanceLm
andLt respectively can beexpressed as
a) M=/ L /Lz b) I\/t= 1/ / * 1 2
C) M=k/L1Lt d) M=k/EU 2

31.For a Step-do 'n Transformer, the relation between the numberof
turns in primary (Np) and the number of turns in secondary (N ) is
a) N » Np b) N$ Up c) Nt - Np d)None of theabove

32.Thé layer that reflects higher end frequencies inHFrangeeluting
timeday time is
e\ Ft layer b)Fm layer c) E layer d) D layer

33.Thepower conver9ion efficiency of aFul!-wave rectifier is [ ]
a) 40.6o4 b) 81.2% G) 100°/» d) Zero

34. The length of dipole, reftector and director of Yaagi Antenna in
terms of wave length are
a) 0.55a, 0.5sanda.45a b) 0.451\, O.SP and 0.55h
c) 0.5X, 0.SSLand0.45a d)0.5X.0.45aand0.55a

35.Theside-band systemadopted for Television transmission [ ]
a) Independent Wideband b) Vestigial Wideband
c) Suppressed Sideband d) All the above

36.One of the limitations of usage of BJT atMicro-wave frequencies is [ ]
a) Size b) Transit-time c) Power d) all the above

37.The oscillator that makes a communication receiver capable of
receiving morse code is { ]
a) VoltageControlledOscillator b) Local Oscillator
c) BeatFrequency Oscillator d) Phase LockedLoop



38. The circuit that enables the radio receiver output to remains cutoff
when carrier is absent i 1
a) AGC b) Squelch c) Delayed ACC d) Noise Limiter

35. The category of pulse modulation that comes under digital systems is [ ]
a) Pulse Code Modulation b) Pvlse Amplitude Modulation
c) Pulse Time Modulation d) All the above

40. The highest frequency that is reflected by an lonosphere layer is t i
a) Maximum Usable Frequency b) Critical Frequency
c) Carrier Frequency d) AI! the above

41. The device that can be used as a Voltage Regulator is t j
a) Gun diode b) Zener Diode c) Pin Diode d) both a & c

42. The Reactance of a Capacitor increases when the frequency is [ )
a) increased b) decreased c) zero d) remains constant

43. The elements in the tank circuit of a Co!pitts Oscil\ator are I I
a) L and C b) R and C c) R and L d) R, L and C

44. The circuit that reduces ripples from the output of a Rectifier is I )
a) Limiter b) Discriminator c) Blanker d) Filter

45. Express the gain of an amplifier in dBm, when the output power of it is 100mW.

a) 10 dBm b) 20 dBm c) 40 dBm d) O dBm
46. The output of an Amplifier with 10 dB ga iI l and an input of 1mW is [ ]

a) 10 mW b) 100 mW c) 1 mW d) 0mW
47. The Transformers arerated in

a) Watts b) Volts c) A\nperes d} Volt-Amperes
46. Batteries are connected inparallel to gel more [ ]

a) Current capacity b) \/oltage capacity
c) both a & Lt d) None of the above

49. A Superhetrodyne receiver with local oscillator frequency range 3.455 to
30.455 MI-tz is capab1e of receiving the input signal range is t i
a) 88-108 MHz b) 3-30 MHx c) 565-1609 KHz d) 2-17 MHz

50. The Capability of a receiver to receive weakest possible signal is its t ]
a) Selectivity b) Sensitivity c) Fidelity d) All the above

SECTION-B
(Radio Regulations)

1. The value of bandwidth shown as 3K50 is
a) 3050 Hz b) 3500 Hz c) 350Q KHz d) 3050 KHz

2. The first character in class of Emission signifies about
a) Nature of stgnal(s) modulating the main carriei
b) Type of modulation of the main carrier
G) Type of Information to be transmitted
d) Details of multiplexing the signal(s)

S. In the Morse code, the Test signal contains the characters of
a) CQ CQ CQ b) V V V c) RT RT RT d) NON.

[ ]

t ]
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4. The range of VHF band is I I
a) 3 to 30 MHz b) 30 to 300 MHz c) 300 to 3000MHz
d) 0.3 to 3 MHz

5. The titne difference between IST and UTC is
a) 05.30 I-lrs. b) 05.00 Hrs. c) 05.15 Hrs. d) 05.45 HfS.

C. The characters in the RST system stands for I t
a) Readability, * ›BnaI and Test
b) Raadability, Signal strength and Test
c) Readability, Signal strength and Tone
d) Readability, Signal loss and Tone

7. The VHF Frequency range that is authorised to Amateurs is
a) 140 - 146 MHz b) 144 - 146 MHz c) 140 - 144MHz
d) 146 - 148 MMz

g. the Single Side Band with Suppressed Carrier is designated as [ ]
a) H3E b) R3E c) J3E d) A3E

9. The space between two words in Morse code is t J
a) a dot b) a dash c) a dot snd a dash d) J'ive dots

40. The Q Code for 'Are you busy†' is ( )
a) QRM b) QRL c) QSA d) QRN

11. The distress frequency on Voice (RadioTelephony) is
a) 2128 KHz b) 2182 KHz c) 1282 KHz d) 1228 KHz

12. The characters that a Saiety Signal contains in Morse code are
a) XXX b)MAYDAY c)PANPAN d) SSS

13. The Phonetic used to represent digit ‘8’ is
a) Octa Eight b) Okta Eight c) Okto Eight d) Octo Eight

14. The Answer or Advice for theQ-Code ‘QTH' is
a) My exact location is.............b) What is your exact location?
c) My correct time is .... Hrs. d) None of the above

15. The written confirmation of a contact, exchanged between Amateurs is f I
a) QSA3 b) QSL NR53 c) QST? d) QRX 1100

16. The abbreviation used for ‘All Before’ is
a) AA b) AB c) AR d) AS

17. The talking Amateur’s call sign in ’VU2DX DE VU2DJ’ is \ j
a) VU2DX b) VU2DJ c) DE d) VU2

18. The maximum characters that an Amateur Catl Sign contains is
a) Four b) Five c) Six d) Three

19. The frequency range in 21 MHz band that is authorised to Amateurs is t ]
a) 21000 - 21350 KHz b) 21000 -21450 KHz
c) 21100 - 21150 KHz c) 21000 - 21400 KHz

20. The Emission that is used to 3ent Morse code by on/off keying the
Ui›modulated carrier in CW Transmission is ( j
a) AIA b) A2A c) A3A d) ASC

21. The Qwode for ’The signal strength of your signals are Good'
a) QSA 5 b) QSA 4 c) QSA 1 d) QSA 3.



- b -

22.The character that represents the Morse code _. _’ IS
a) Y b) Z c) C d) Q

2s. The Amateur Licence wi\I be issued inIndia by [ ]
a) Wireless Monitoring Organisation
h) Wireless Planning and Coordination Wing
c) Telecoms Regulatory Authority of India
rl) Bharat Sanchar Nigam Limited

2-. The Call sign blocks allotted to India are
a) ATA—AWZ b) VTA - VWZ c) 8TA - 8WZ
d) a & b e) a , b & c

25. The UTC stands for 1 I
a) Universal Time for Coordination
b) Universal Coordinated Time
c) United States Telecomm Community
d) Universal Telecommunication Centre

2S. The Emission ’C3F' stands for
a) Double Side gand Transmission
b) Single side band Transmission
c) Vestigial side band Transmission
d) Suppressed side band Transmission

27. The number of characters in a 8 wpm in 5 minutes passage should be [ ]
a) 240 b) 200 c) 160 d) 400

28. The standard shift between transmitting and receiving frequency for
Amateur Radio in VHF band is
a) 500 KHz b) 600 KHz d) 1000 KHz d) 1200 KHz

[ ]

20. The equivalent time in hours of 1730(IST) in UTC is
a) 12O0Z b) 123DZ c}OOOOZ ” d) 0530Z

[ ]

30. The Q-code for ‘I will call you again at 0400 hrs in the evening' is (]
a) QRX04O0 b) ORX16O0 c) QRX4 d) QRX0400Z

31. The Emission stands for an AM Broadoast with 3 KHz bandwidth is [ ]
a) A3E3O0OK b) A3E3K00 c) A3E0K300 d) A3E0H3O

32. The distress frequency 156M800 Hz falls in the range of
a) HF band b) UHF band c) Microwave band d) VHF band

33. The character for Morse code ‘. . _ . . ‘ is
a) Full stop b) Comma c) Question mark d) Hyphen

34. In a Morse code transmission what will be the duration of a dot. when the duration
of a dash is 30mSec. I I
a) 9omSec b) 10mSec c) 1mSec d wsec

35. The Abbreviation for ’I have nothing for you' is [ ]
z ) QRU b) NIL r) NFU d) None of the above

3h°. Frequencies those are authorised to use during the 0800 to 20OOHrs.
of the day will bo indicated as
a) H24 b} HN cBJ d)HX

Contd.. 7



37. ThePhonetic used for alphabet ’N' is 1 1
a) Norvey” b)November c)Neighbor d) Night

?6. The uigeizt messages in a Morse code are indicated by
a) PAN PAN b) XXX c) Tg- T d) V V V

39. The Emission that indicates a FM Broadcast station is t I
a) F1A b) F3A c) F3E d) F3C

40. What are theletters required to be sent for a third station to enter
between two stations in a Morse code transmission are [ ]
a) BR b) BK c) BREAK d) BN

4‘l. The word Used in Voice which is equivalent to the word ‘DI2’
transmitted in a Morse code transmission is
a) FROM b) THIS IS c) CALLING d) All of the above

42. The letters those are requireo to be sent in the time ofDistress
in Voice transmission are t t
a) SOS b) MAY DAY c) PAN PAN d) SECURTIE

4:3. The Q-code for Test Signal is ' t 1
a) QRK b) oSU c) QSV d) QUM

14. In abbreviation 73, refers to ]
a) thanks b) welcome c) best regards d) none of thsse

45. The frequencies those are designated with ‘HX' canbe used ( 1
a) during the day time b) during the night time
c) intermittently d) 24 Hrs. of a day

46. The suffix that is required to be sent along with the call sign fora
Mobile Amateur Station is 1 l
a) MOBILE b) MO c) MX d) None of theabove

47. What wii\ be the speed in wpm, when a message being transmitted
contains 60 Gharacters in a minute 1 )
a) 5 wpm b) 8 wpm c) 10 wpm d) 12 wpm

.8. Yhe ITU stands for t I
a) International Trade Union b) Indiari Trade Unions
c) Indian Telecommunication Union
cl) International Telecommunication Union

49. In RST system for Morse code transmission
a) R and S need to be reported
b) R and T need to be reported
c) T and S need to be reported
d) R, S and T are necessary

30. The type of Infringement to be sent upon using incorrect emission is [ ]
a} UnAuthorised Frequency b) Un Authorised Period
c) Un Authorised Emission d) Un Authorised Call Sign

t i



AMATEUR RADIO EXAM QUESTION PAPER
SAMPLE

RULES & REGULATIONS -Operating procedures

u Which emission mode must be used to obtain assistance during a disaster?
Only SSB
Only SSB and CW
Any mode
Only CW

u What should you do if a CW station sends "QRS" when using Morse code?
Send slower
Change frequency
Increase your power
Repeat everything twice

What is the recommended way to break into a conversation when using phone?
Say "QRZ" several times followed by your call sign
Sayyourcall signduringabreakbetween transmissions fromtheother stations
Say "Break" "Break" "Break" and wait for a response
Say "CQ" followed by the call sign of either station

u Which of the following 20meter band segments ismost often used formost
data transmissions? a) 14.000 – 14.050 MHz

14.070-14.100MHz
14.150 - 14.225 MHz
14.275 - 14.350 MHz

uWhataction shouldbe taken if the frequencyonwhichanetnormallymeets is inuse justbefore
the net begins?

Reduce your output power and start the net as usual
Increase your power output so that net participantswill be able to hear you
Ask the stations if thenetmayuse the frequency, ormove the net to anearby
clear frequency ifnecessary
Cancel the net for that day

u Whichof the following is an advantagewhen using single sidebandas compared to other
voice modes on the HF amateur bands?

Very high fidelity voice modulation
Lessbandwidthusedandhighpowerefficiency
Ease of tuning on receive
Less subject to static crashes (atmospherics)

u What is an azimuthal projection map?
A world map projection centered on the North Pole
A world map projection centered on a particular location
Aworldmapthat showstheangleatwhichanamateur satellitecrosses theequator
A world map that shows the number of degrees longitude that an amateur
satellite appears to move westward at the equator with each orbit

u How do you call another station on a repeater if you know the station\'s call sign?
Say "break, break" then say the station's call sign
Say the station's call sign then identify your own station
Say "CQ" three times then the other station's call sign
Wait for the station to call "CQ" then answer it



u The frequency of 40Meter band in

MHz is a) 14 - 14.350
7-7.2
21-21.450

15 - 15.400
uWhich sideband is commonly used in the VHF and UHF bands?

Upper Side Band
Lower side band
Vestigial side band
Double side band

u When are you prohibited from helping a station in distress?
Whenthatstation isnottransmittingonamateurfrequencies
When the station in distress offers no call sign
Youareneverprohibitedfromhelpinganystation indistress
When the station is not another amateur station

uWhat isa practicalway toavoidharmful interferencewhencallingCQusingMorse codeor
CW?

Send the letter "V" 12 times and then listen for a response
KeepyourCQto less than2minutes in length toavoid interferencewith contactsalready in
progress
Send "QRL? de" followed by your call sign and listen for a response
CallCQat lowpowerfirst; ifthere isno indicationof interferencethenincreasepoweras
necessary

u What does it mean when a CW operator sends "KN" at the end of a transmission?
Listeningfornovicestations
Operating fullbreak-in
Listening only for a specific station or stations
Closing station now

u Who is accountable if a repeater station inadvertently retransmits communications
that violate WPC rules?

The repeater trustee
The repeater control operator
The transmitting station
All of these answers are correct

u Which of the following statements is true of the single sideband (SSB) voice mode?
Onlyonesidebandandthecarrieraretransmitted;theothersidebandissuppressed
Onlyone sideband is transmitted; theother sidebandandcarrier are suppressed
SSB voice transmissions have higher average power than any other mode
SSB is the only mode that is authorized on the 160, 75 and 40 meter amateur bands

u Which layer of ionosphere disappears during night time?
F
E
D
C

u When sending CW, what does a “C” mean when added to the RST report?
Chirpy or unstable signal
ReportwasreadfromSmeterreadingratherthanestimated
100 percent copy
Key clicks

u How do you call another station on a repeater if you know the station\'s call sign?
Say "break, break" then say the station's call sign
Say the station's call sign then identify your own station
Say "CQ" three times then the other station's call sign
Wait for the station to call "CQ" then answer it

u What does the Q signal "QSL" mean when operating CW?



Wehavealreadyconfirmedbycard
I acknowledge receipt
We have worked before
Send slower

uWhat is the first thing you should do if you are communicatingwith another
amateur station and hear a station in distress break in?

Continue your communication because you were on frequency first
Acknowledgethestation indistressanddeterminewhatassistancemaybeneeded
Change to a different frequency
Immediately cease all transmissions

uHow do you indicate you are looking for any station with which to make contact?
CQ followed by your call sign
RST followed by your call sign
QST followed by your call sign
SK followed by your call sign

uWhat should you transmit when responding to a call of CQ?
Your own CQ followed by the other station’s call sign
Yourcall sign followedby theother station’scall sign
Theother station’scall sign followedbyyour call sign
A signal report followed by your call sign

uWhat must an amateur do when making a transmission to test equipment or antennas?
Properly identify the station
Make test transmissionsonly after10:00 PM local time
Notify the WPC of the test transmission
State the purpose of the test during the test procedure

uWhat is the meaning of the procedural signal "CQ"?
Call on the quarter hour
Newantenna is being tested(no station should answer)
Only the called station should transmit
Calling any station

uWhatbrief statement is oftenused inplaceof "CQ" to indicate that youare listening for calls on a
repeater?

Say "Hello test" followedbyyour call sign
Say your callsign
Say the repeater call sign followed by your call sign
Say the letters "QSY" followed by your call sign

uWhyshouldyouusetheInternationalTelecommunicationUnion(ITU)phoneticalphabet
when identifying yourstation?

The words are internationally recognized substitutes for letters
There is no advantage
Thewordshavebeenchosen to representamateur radio terms
Itpreservestraditionsbegunintheearlydaysofamateurradio

uWho is in charge of the repeater frequency band plan in your local area?
ThelocalWPCmonitoringoffice
Only WPC HO New Delhi
The recognized frequency coordination body
Amateur Radio society of India

uWhat is the main purpose of repeater coordination?
Toreduceinterferenceandpromoteproperuseofspectrum
Tocoordinateasmany repeaters aspossible in asmall area
To coordinate all possible frequencies available for repeater use
To promote and encourage use of simplex frequencies

uWhich of these statements is true about legal power levels on the amateur bands?
Alwaysusethemaximumpowerallowedtoensurethatyoucompletethecontact
An amateur may use no more than 200Watts PEP tomake an amateur contact
An amateur may use up to 1500 Watts PEP on any amateur frequency



Anamateurmustusetheminimumtransmitterpowernecessarytocarryoutthe
desired communication

uWhat is theproperway to break into aconversation between two stations that areusing
the frequency?

Sayyourcallsignbetweentheirtransmissions
Wait for them to finish and then call CQ
Say "Break-break" between their transmissions
Call one of the operators on the telephone to interrupt the conversation

uAmateursareforbiddentotransmitabout
Equipments

weather

Antennas

Third party messages

uStandardtimeandfrequencyistransmittedon

7050 KHz

14050 KHz

21050KHz

10000 Khz

uWhat isconsideredtobeproper repeateroperatingpractice?
Monitorbeforetransmittingandkeeptransmissionsshort
Identify legally
Usetheminimumamountoftransmitterpowernecessary
All of these answers are correct

uWhat rule applies if two amateur stations want to use the same frequency?
ThestationoperatorwithaRestrictedGradelicensemustyieldthefrequencytoanGeneral
Grade licensee
Thestationoperatorwithalowerpoweroutputmust yieldthe frequencyto the
station with a higher power output
No frequency will be assigned for the exclusive use of any station and neither has priority
Station operators in ITU Regions 1 and 3 must yield the frequency to stations in ITU Region 2

uWhat shouldyoudo if youhear anewly licensedoperator that is having troublewith
their station?

Tell themtogetoff theairuntil theylearnhowoperateproperly
Report them to the WPC HO.
Contact them and offer to help with the problem
Move to another frequency

uA3E indicates

SSB

AM-DSB voice

FM Voice

FSK

uLine of sight propagation is themode of communication in

LF

HF

MF

VHF



uThe wavelength of 300 MHz is in Meters is

1

.1

1.1

0.01

uSquelchcontrol isusedtoeliminate

static interference

electrical disturbance

receiver noise

unwanted carrier

u4th harmonic of 2.5 MHz is

10 MHz

15MHz

8 MHz

7.5 MHz

41 The UHF range is

30 to 300 KHz

300 to 3000 KHz

3 to 30 GHz

300 to 3000 MHz

uIndianamateurscancommunicatewithotheramateursin

All countries

Countries permitted by ITU

Countries permitted by Indian Government

Countries permitted by Indian Amateur society

uRestrictedgradeamateurscancommunicateon7MHzin

A1

A3
F3

A3E

uLady amateurs are knownas

XL

XYL

YL

LY

uMinimum age to become an

18 years

14years

12 years

amateur is



16 years

uAll timing in the Log book should be in

IST

UTC

GMT

Local time

uAmateurs shouldpreservetheir log foraperiodof

6 months

1 year

2 years

9 months from the date of the last entry

uQ codeto indicatetime is

QRG

QRX

QTR

QSA

uTest signal shallnotbecontinuedmorethan

30 seconds

1 minute

2 minutes

3 minutes

uIn India thestandardtimesignal isbroadcastby

ISRO

WPC

OCS

NPL

uPANPAN transmitted thrice indicates

Distress

Emergency

Urgency

Distress and emergency

uThebroadcastofmusicisallowedinamateurservice

on request

when channel is free

never

only for testing

uTheabbreviationVAmeans

End of transmission

End ofmessage



End of working

End of schedule

uSwl's arepermittedtotransmit inthe frequencybandof

7-7.1 MHz

3.89-3.9 MHz

144-146MHz

None of these

uThe amateur license is renewed by

P & T

Ministry of communication

Monitoring stations

None of these

uFM Broadcasting station emission is

A1E

A3E

J3E

F3E

uQ code to indicate the locationof a station is

QTL

QTH

QTN

None of these

uAmateur stationona shipcancontactanotheramateur on landonafrequencyauthorized to

the ship

amateur stations

bytheministryofcommunication

ships callingfrequency

uSOS transmitted three times indicates

urgency

distress

safety

none of these

uAll timings in logbook should be in

IST

GMT

UTC

Local time

ANSWER:-



1.c, 2.a, 3.c, 4.b, 5.c, 6.b, 7.b, 8.b, 9.b, 10.d, 11.a, 12.d, 13.c, 14.c, 15.b, 16.c, 17.a, 18.b, 19.b, 20.b, 21.a,
22.c, 23.a,
24.d, 25.b, 26.a, 27.b, 28.b, 29.d, 30.c, 31.d, 32.d, 33.a, 34.c, 35.c, 36.b, 37.d, 38.a, 39.c, 40.a, 41.d,
42.a, 43.d, 44.c,
45.a, 46.a, 47.b, 48.c, 49.a, 50.d, 51.c, 52.c, 53.c, 54.d, 55.b, 56.d, 57.b, 58.b, 59.b, 60.a,

BASIC ELECTRONICS
1. What is the name of a current that flows only in one direction?

a) An alternating current
b) A direct current
c) A normal current
d) A smooth current

2. What is the standard unit of frequency?
a) The megacycle
b) The Hertz
c) One thousand cycles per second
d) The electromagnetic force

3. How much voltage does an automobile battery usually supply?
a) About 12 volts
b) About 30 volts
c) About 120 volts
d) About 240 volts

4. What is the name of a current that reverses direction on a regular basis?
a) An alternating current
b) A direct current
c) A circular current
d) Averticalcurrent

5. What is the term used to describe opposition to current flow in ordinary conductors such as wires?
a) Inductance
b) Resistance
c) Counter EMF
d) Magnetism

6. Whatinstrument isusedtomeasuretheflowofcurrent inanelectrical
circuit? a) Frequency meter
b) SWR meter
c) Ammeter
d) Voltmeter

7. What instrument is used tomeasure Electromotive Force (EMF)between twopoints suchas the
poles of abattery?

a) Magnetometer
b) Voltmeter
c) Ammeter
d) Ohmmeter

8. What is thenamefor thedistancearadiowave travels duringonecomplete
cycle? a) Wavespeed
b) Waveform
c) Wavelength
d) Wave spread

9. Whattermdescribesthenumberoftimesthatanalternatingcurrentflowsbackandforthper
second?

a) Pulse rate
b) Speed
c) Wavelength
d) Frequency

10. What does 50 hertz (Hz) mean?
a) 5000 cycles persecond
b) 50 cycles persecond
c) 5000 meters persecond



50 meters per second

uElectromagnetic waves that oscillate more than 20,000 times per second as they travel
through space are generally referred to as what?

Gravity waves
Sound waves
Radio waves
Gamma radiation

uHow fast does a radio wave travel through space?
At the speed of light
At the speed of sound
Itsspeedis inverselyproportionaltoitswavelength
Its speed increases as the frequency increases

uHow does the wavelength of a radio wave relate to its frequency?
Thewavelengthgets longerasthefrequency increases
Thewavelengthgetsshorterasthefrequencyincreases
There is no relationship between wavelength and frequency
The wavelength depends on the bandwidth of the signal

uWhat is the formula for converting frequency towavelength inmeters?
Wavelength inmeters equals frequency inHertzmultipliedby300
Wavelength in meters equals frequency in Hertz divided by 300
Wavelengthinmetersequalsfrequencyinmegahertzdividedby300
Wavelengthinmetersequals300dividedbyfrequencyinmegahertz

uWhat are soundwaves in the range between 300 and 3000Hertz called?
Test signals
Ultrasonic waves
Voice frequencies
Radio frequencies

uWhatpropertyofaradiowave is oftenusedto identify thedifferentbandsamateur radio
operators use?

The physical length of the wave
Themagnetic intensityof thewave
Thetime it takes for thewave to travel onemile
The voltage standing wave ratio of the wave

uWhat is the frequency range of the 2 meter band in the India?
144 to 146 MHz
222 to 225 MHz
434 to 438 MHz
50 to 54 MHz

uWhat is used to convert radio signals into sounds we can hear?
Transmitter
Receiver
Microphone
Antenna

uWhat is used to convert sounds from our voice into radio signals?
Transmitter
Receiver
Speaker
Antenna

uWhat two devices are combined into one unit in a transceiver?
Receiver, transmitter
Receiver, transformer
Receiver, transistor
Transmitter, deceiver

uWhatdeviceisusedtoconvertthealternatingcurrentfromawalloutlet intolow-voltagedirect
current?

Inverter
Compressor



Power Supply
Demodulator

uWhat device is used to increase the output of a 10 watt radio to 100 watts?
Amplifier
Power supply
Antenna
Attenuator

uWhichof thebatterytypes listedbelowoffers the longest lifewhenusedwithahand-held
radio, assuming each battery is the same physical size?

Lead-acid
Alkaline
Nickel-cadmium
Lithium-ion

uWhat is the nominal voltage per cell of a fully charged nickel-cadmium battery?
1.0 volts
1.2volts
1.5volts
2.2volts

uWhat battery type on this list is not designed to be re-charged?
Nickel-cadmium
Carbon-zinc
Lead-acid
Lithium-ion

uWhat is required to keep rechargeable batteries in good condition and ready for emergencies?
Theymustbeinspectedforphysicaldamageandreplacedifnecessary
They should be stored in a cool and dry location
Theymustbegivenamaintenancerechargeat leastevery6months
All of these answers are correct

uWhat is the best way to get the most amount of energy from a battery?
Draw current from the battery as rapidly as possible
Drawcurrentfromthebatteryat theslowestrateneeded
Reverse the leads when the battery reaches the 1/2 charge level
Charge the battery as frequently as possible

uWhat formula is used to calculate current in a circuit?
Current (I) equals voltage (E) multiplied by resistance (R)
Current(I)equals voltage (E)dividedby resistance(R) [I=E/ROhm'sLaw]
Current (I) equals voltage (E) added to resistance (R)
Current (I) equals voltage (E) minus resistance (R)

uWhat formula is used to calculate voltage in a circuit?
Voltage(E)equalscurrent (I)multipliedbyresistance(R)[E=I*ROhm'sLaw]
Voltage (E) equals current (I) divided by resistance (R)
Voltage(E)equalscurrent(I)addedtoresistance(R)
Voltage (E) equals current (I)minus resistance (R)

uWhat formula is used to calculate resistance in a circuit?
Resistance (R) equals voltage (E) multiplied by current (I)
Resistance(R)equalsvoltage (E)dividedbycurrent (I) [R=E/IOhm'sLaw]
Resistance (R) equals voltage (E) added to current (I)
Resistance (R) equals voltage (E) minus current (I)

uWhat is the resistanceof acircuitwhenacurrentof 3amperes flows througha
resistor connected to 90 volts?

3 ohms
30 ohms (As per ohm's law R=E/I, Thus R = 90 Volts / 3 Ampere)
93 ohms
270 ohms

uWhatistheresistanceinacircuitwheretheappliedvoltageis12voltsandthecurrentflowis1.5
amperes?

18 ohms



0.125 ohms
8 ohms
13.5 ohms

uWhat is thecurrent flow inacircuitwith anapplied voltageof 120volts anda resistanceof 80
ohms?

9600 amperes
200 amperes
0.667 amperes
1.5 amperes

uWhat is the voltage across the resistor if a current of 0.5 amperes flows through a 2 ohm resistor?
1 volt
0.25 volts
2.5volts
1.5 volts

uWhat is the voltage across the resistor if a current of 1 ampere flows through a 10 ohm resistor?
10 volts
1 volt
11volts
9 volts

uWhat is the voltage across the resistor if a current of 2 amperes flows through a 10 ohm resistor?
20 volts
0.2 volts
12 volts
8 volts

uWhat is the current flowing through a 100 ohm resistor connected across 200 volts?
20,000 amperes
0.5 amperes
2 amperes
100 amperes

uWhat is the current flowing through a 24 ohm resistor connected across 240 volts?
24,000 amperes
0.1 amperes
10 amperes
216 amperes

uWhat is the formula used to calculate electrical power in a DC circuit?
Power(P)equalsvoltage(E)multipliedbycurrent(I)
Power (P) equals voltage (E) dividedby current (I)
Power (P) equals voltage (E) minus current (I)
Power (P) equals voltage (E) plus current (I)

uHow much power is represented by a voltage of 13.8 volts DC and a current of 10 amperes?
138watts
0.7 watts
23.8 watts
3.8 watts

uHow much power is being used in a circuit when the voltage is 120 volts DC and the current is
2.5 amperes?

1440 watts
300 watts
48 watts
30watts

uHow can you determine howmanywatts arebeingdrawnby your transceiverwhen you
are transmitting?

Measure the DC voltage and divide it by 60 Hz
Check the fuse in thepower leads to seewhat size it is
Look in the Radio Amateur's Handbook
MeasuretheDCvoltageat thetransceiverandmultiplybythecurrentdrawnwhen
you transmit

uHow many amperes are flowing in a circuit when the applied voltage is 120 volts DC and the



load is 1200 watts?
a) 20 amperes
b) 10 amperes
c) 120 amperes
d) 5 amperes

44. How many milliamperes is the same as 1.5 amperes?
a) 15 milliamperes
b) 150 milliamperes
c) 1500 milliamperes
d) 15000 mill amperes

45. What is another way to specify the frequency of a radio signal that is oscillating at 1,500,000
Hertz?
a) 1500 kHz
b) 1500 MHz
c) 15 GHz
d) 150 kHz

46. How many volts are equal to one kilovolt?
a) One one-thousandth of a volt
b) one hundred volts
c) one thousand volts
d) one million volts

47. How many volts are equal to one microvolt?
a) one one-millionth of a volt
b) one million volts
c) one thousand kilovolts
d) one one-thousandth of a volt

48. Howmany watts does a hand-held transceiver put out if the output power is 500 mill watts?
a) 0.02 watts
b) 0.5 watts
c) 5 watts
d) 50 watts

49. What will happen to the resistance if the temperature of a carbon resistor is increased?
a) It will increase by 20% for every 10 degrees centigrade
b) It will stay the same
c) It will change depending on the resistor's temperature coefficient
rating d) It will become time dependent

50. What type of capacitor is often used in power-supply circuits to filter the rectified AC?
a) Disc ceramic
b) Vacuum variable
c) Mica
d) Electrolytic

51. Which of the following is the primary advantage of ceramic capacitors?
a) Tight tolerance
b) High stability
c) High capacitance for given volume
d) Comparatively low cost

52. Which of the following is an advantage of an electrolytic capacitor?
a) Tight tolerance
b) Non-polarized
c) High capacitance for given volume
d) Inexpensive RF capacitor

53. Which of the following is one effect of lead inductance in a capacitor used at VHF and above?
a) Effective capacitance may be reduced
b) Voltage rating may be reduced
c) ESR may bereduced
d) The polarity of the capacitor might become reversed

54. What is the main disadvantage of using a conventional wire-wound resistor in a resonant circuit?
a) The resistor's tolerance value would not be adequate for such a circuit



The resistor's inductance could detune the circuit
The resistorcould overheat
The resistor's internal capacitance would detune the circuit

uWhat is an advantage of using a ferrite core with a toroidal inductor?
Large values of inductance may be obtained
Themagneticpropertiesofthecoremaybeoptimizedforaspecificrangeoffrequencies
Most of the magnetic field is contained in the core
All of these choices are correct

uHow should two solenoid inductors be placed so as to minimize their mutual inductance?
In line with their winding axis
With their winding axes parallel to each other
Withtheirwindingaxesat rightangles toeachanother
Within the same shielded enclosure

uWhy might it be important to minimize the mutual inductance between two inductors?
To increase the energy transfer between both circuits
To reduce or eliminate unwanted coupling
To reduce conducted emissions
To increase the self-resonant frequency of both inductors

uWhat is an effect of inter-turn capacitance in an inductor?
The magnetic field may become inverted
Theinductormaybecomeselfresonantatsomefrequencies
The permeability will increase
The voltage rating may be exceeded

uWhat is the common name for a capacitor connected across a transformer secondary that is
used to absorb transient voltage spikes?

Clipper capacitor
Trimmer capacitor
Feedback capacitor
Suppressor capacitor

uWhat is the common name for an inductor used to help smooth the DC output from the
rectifier in a conventional power supply?

Back EMF choke
Repulsion coil
Charging inductor
Filter choke

uWhat type of component is a thermistor?
A resistor that is resistant to changes in value with temperature variations
A device having a controlled change in resistance with temperature variations
A special type of transistor for use at very cold temperatures
A capacitor that changes value with temperature

uWhat is the peak-inverse-voltage rating of a rectifier?
The maximum voltage the rectifier will handle in the conducting direction
1.4 times the AC frequency
The maximum voltage the rectifier will handle in the non-conducting direction
2.8 times the AC frequency

uWhat are the two major ratings that must not be exceeded for silicon-diode rectifiers?
Peak inverse voltage; average forward current
Average power; average voltage
Capacitive reactance; avalanche voltage
Peak load impedance; peak voltage

uWhat is the approximate junction threshold voltage of a germanium diode?
0.1 volt
0.3 volts
0.7 volts
1.0 volts



uWhentwoormorediodesareconnectedinparalleltoincreasecurrenthandlingcapacity,what
is the purpose of the resistor connected in series with each diode?

Theresistorsensurethethermalstabilityofthepowersupply
The resistors regulate the power supply output voltage
Theresistorsensurethatonediodedoesn't carrymostof thecurrent
The resistors act as swamping resistors in the circuit

uWhat is the approximate junction threshold voltage of a silicon diode?
0.1 volt
0.3 volts
0.7 volts
1.0 volts

uWhich of the following is an advantageof using aSchottky diode in an RF switching circuit
as compared to a standard silicon diode?

Lower capacitance
Lower inductance
Longer switching times
Higher breakdown voltage

uWhat are the stable operatingpoints for abipolar transistor that is usedas aswitch in a
logic circuit?

Its saturation and cut-off regions
Itsactiveregion(betweenthecut-offandsaturationregions)
Between its peak and valley current points
Between its enhancement and deletion modes

uWhy is it often necessary to insulate the case of a large power transistor?
To increase the beta of the transistor
To improve the power dissipation capability
To reduce stray capacitance
To avoid shorting the collector or drain voltage to ground

uWhich of the following describes the construction of a MOSFET?
The gate is formed by a back-biased junction
Thegate isseparatedfromthechannelwithathininsulating layer
The source is separated from the drain bya thin insulating later
The source is formed by depositing metal on silicon

uWhichelementofatriodevacuumtube isused to regulate theflowofelectrons
between cathode andplate?

Control grid
Heater
Screen Grid
Suppressor grid

uWhich of the following solid state devices is most like a vacuum tube in its general characteristics?
A bipolar transistor
An FET
A Tunnel diode
A varistor

uWhat is the primary purpose of a screen grid in a vacuum tube?
To reduce grid-to-plate capacitance
To increase efficiency
Toincreasethehighfrequencyresponse
To decrease plate resistance

uWhat is an advantage of the low internal resistance of Nickel Cadmium batteries?
Long life
High discharge current
High voltage
Rapid recharge

uWhat is theminimumallowabledischargevoltageformaximumlifeofastandard12volt
lead acidbattery?



6 volts
8.5 volts
10.5 volts
12 volts

uWhen is it acceptable to recharge a carbon-zinc primary cell?
As long as the voltage has not beenallowed to drop below1.0 volt
When the cell is kept warm during the recharging period
Whenaconstant currentcharger isused
Never

uWhich of the following is a rechargeable battery?
Carbon-zinc
Silver oxide
Nickel Metal Hydride
Mercury

uWhat is impedance?
The electric charge stored by a capacitor
The inverse of resistance
The opposition to the flow of current in an AC circuit
The force of repulsion between two similar electric fields

uWhat is reactance?
Opposition to the flow of direct current caused by resistance
Oppositiontotheflowofalternatingcurrentcausedbycapacitanceorinductance
A property of ideal resistors in AC circuits
A large spark produced at switch contacts when an inductor is de-energized

uWhich of the following causes opposition to the flow of alternating current in an inductor?
Conductance
Reluctance
Admittance
Reactance

uWhich of the following causes opposition to the flow of alternating current in a capacitor?
Conductance
Reluctance
Reactance
Admittance

uHow does a coil react to AC?
As the frequency of the applied AC increases, the reactance decreases
As the amplitude of the applied AC increases, the reactance increases
As the amplitude of the applied AC increases, the reactance decreases
AsthefrequencyoftheappliedACincreases,thereactanceincreases

uHow does a capacitor react to AC?
As the frequency of the applied AC increases, the reactance decreases
AsthefrequencyoftheappliedACincreases,thereactance increases
As the amplitude of the applied AC increases, the reactance increases
As the amplitude of the applied AC increases, the reactance decreases

uWhat happenswhen the impedanceof anelectrical load isequal to the internal impedanceof the
power source?

Thesourcedeliversminimumpowertotheload
The electrical load is shorted
No current can flow through the circuit
The source can deliver maximum power to the load

uWhy is impedance matching important?
So the source candelivermaximumpower to the load
Sothe loadwill drawminimumpower from thesource
Toensurethatthereislessresistancethanreactanceinthecircuit
To ensure that the resistance and reactance in the circuit are equal

uWhat unit is used to measure reactance?
Farad
Ohm



Ampere
Siemens

uWhat unit is used to measure impedance?
Volt
Ohm
Ampere
Watt

uWhy should core saturation of a conventional impedance matching transformer be avoided?
Harmonics and distortion could result
Magnetic flux would increase with frequency
RF susceptance would increase
Temporary changes of the core permeability could result

uWhat is one reason to use an impedance matching transformer?
To reduce power dissipation in the transmitter
To maximize the transfer of power
To minimize SWR at the antenna
To minimize SWR in the transmission line

uWhich of the following devices can be used for impedance matching at radio frequencies?
A transformer
A Pi-network
A length of transmission line
All of these choices are correct

uWhich of the following describes one method of impedance matching between two AC circuits?
InsertanLCnetworkbetweenthetwocircuits
Reduce thepower output of the first circuit
Increase thepoweroutputof the first circuit
Insert acirculator between the twocircuits

uA two-times increase or decrease in power results in a change of how many dB?
2 dB
3 dB
6 dB
12 dB

uHow does the total current relate to the individual currents in each branch of a parallel circuit?
It equals the average of each branch current
It decreases as more parallel branches are added to the circuit
Itequalsthesumofthecurrentsthrougheachbranch(Kirchhoff’sCurrentLaw)
It is the sum of the reciprocal of each individual voltage drop

uCapacitance is measured in
Amperes

watt

Farad

Coulombs

uFrequency is

cycles per second

Kilo cycles per second

Cycles per minute
cycles per hour

uResonantfrequencyinatunedcircuit isequalto
1/2piLC

1/2pi√LC
2pi√LC
2pi√L+C



uPower dissipated in a 400 Ohm resistor at 1 Amp is

40 Watts

400 KW

4 Watts

400 Watts

uZenerdiode is used for

Rectification

Voltage regulation

Current regulation

Switching

uPlatecurrent inadiodeflowsonlywhen theplate is

Negative with respect to cathode

positive with respect to cathode

whenplate is ata lowervoltage thancathode

both at samepotential

u 3 resistors of 2,3&4ohmsare connected in series. The voltageacross thecircuit is 9V , the

current drawn by 3 ohms resistor is

1.5 Amps

27 Amps

1 Amp

3 Amps

u A superhetrodyne receiver is tuned to555KHzand its local oscillator at 1010 KHz .The image
frequency will be

1565 KHz

455 KHz

1465 KHz

none of these

u 3 to 30 MHz band is known as

MF

LF

VHF

HF

u Thewavelength of a broadcast station at 1000 KHz is

30 Meters

300 Meters

0.3 Meteors

none of these

u Thecoreofpower supply transformer is laminated to

decrease impedance



increase impedance

decrease eddy current losses

none of these

u Inaresonant circuit

Xl =Xc

Xl > Xc

Xl <Xc

none of these

u Whenfrequencyofacarrier is variedaccordingtomodulationtheresult is

frequency modulation

amplitude modulation

product detection

none of these

u Thephaserelationshipbetweentheinputandoutputofacommonemittercircuit indegrees is

90

180

270

0

u Thequartzcrystal oscillator is known for its

linearity

stability

high output

flexibility

u Theeffectof interelectrodecapacitanceofatriode ismorepredominantat

HF

VHF

LF

none of these

u Which of the following is a characteristic of a liquid crystal display?

It requires ambient or back lighting

It offers a wide dynamic range

It has a wide viewing angle

All of these choices are correct

u What is meant by the term MMIC?

Multi Megabyte Integrated Circuit

Monolithic Microwave Integrated Circuit

Military-specification Manufactured Integrated Circuit

Mode Modulated Integrated Circuit

u What is a microprocessor?



Alowpoweredanalog signalprocessorusedasamicrowavedetector

Aminiature computer on a single integrated circuit chip

A microwave detector, amplifier, and local oscillator on a chip

A low voltage amplifier used in a microwave transmitter modulator stage

u What safety feature does a power-supply bleeder resistor provide?

It acts as a fuse for excess voltage

Itdischargesthefiltercapacitors

It removesshockhazards fromthe inductioncoils

It eliminates ground-loop current

u What components are used in a power-supply filter network?

Diodes

Transformers and transistors

Quartz crystals

Capacitors and inductors

u Whatshouldbetheminimumpeak-inverse-voltageratingoftherectifier inafull-wavepower
supply?

One-quarter thenormaloutputvoltageof thepowersupply

Half the normal output voltage of the power supply

Double thenormal peakoutput voltageof thepower supply

Equal to the normal output voltage of the power supply

u What should be the approximate minimum peak-inverse-voltage rating of the rectifier in

u half-wave power supply?
One-half thenormal peakoutput voltageof thepower supply
Half the normal output voltage of the power supply

Equal to the normal output voltage of the power supply

Two times the normal peak output voltage of the power supply

u What should be the impedance of a low-pass filter as compared to the impedance of the

transmission line into which it is inserted?
Substantially higher
About the same
Substantially lower

Twice the transmission line impedance

u What is an advantage of a crystal controlled transmitter?

Stable output frequency

Excellentmodulation clarity

Easeof switchingbetweenbands

Ease of changing frequency

u What type of receiver is suitable forCWand SSB receptionbut does not require amixer stageor
an IF amplifier?



A super-regenerative receiver

A TRF receiver

A super-heterodyne receiver

A direct conversion receiver

u What type of circuit is used inmany FM receivers to convert signals coming from the IF
amplifier to audio?

Product detector

Phase inverter

Mixer

Discriminator

u What portion of the AC cycle is converted to DC by a half-wave rectifier?

90 degrees

180 degrees

270 degrees

360 degrees

u What portion of the AC cycle is converted to DC by a full-wave rectifier?

90 degrees

180 degrees

270 degrees

360 degrees

u What is the output waveform of an unfiltered full-wave rectifier connected to a resistive load?

A series of DC pulses at twice the frequency of the AC input

A series of DC pulses at the same frequency as the AC input

A sine wave at half the frequency of the AC input

A steady DC voltage

u Which of the following is a characteristic of a Class A amplifier?

Low standby power

High Efficiency

No need for bias

Low distortion

u Forwhich of the followingmodes is aClass C power stage appropriate for amplifying a
modulated signal?

SSB

CW

AM

All of these answers are correct

u Which of the following is an advantage of a Class C amplifier?

High efficiency

Linear operation



No need for tuned circuits

All of these answers are correct

u How is the efficiency of an RF power amplifier determined?

Divide the DC input power by the DC output power

Divide the RF output power by the DC input power

Multiply theRF inputpowerby thereciprocal of theRFoutput power

Add the RF input power to the DC output power

u Which of the following describes a linear amplifier?

AnyRFpoweramplifierusedinconjunctionwithanamateurtransceiver

An amplifier whose output preserves the input waveform

A Class C high efficiency amplifier

An amplifier used as a frequency multiplier
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SAMPLE ASOC EXAM QUESTION PAPER

Time forGeneral Grade 2
hours Time for Restricted Grade : 1
hour Maxmarks for both grades :
100

Instructions
u There will be 2 sections in the question paper. Each section contains 50 questions. All

questions carry equal marks. All the candidates are required to write the answers for the
questions in the box provided for each of the respective questions.
u Candidates appearing for General grade should answer all the questions.
u Candidates appearing for Restricted grade should answer only first 25 questions from

each of thesection.

SECTION-A

u Parameter that determines lowest signal reception capability of a receiver is a)
Sensitivity
b) Fidelity c)
Selectivity d)
Squelch

u TRF stands for
u Turning radio frequency
u Turning rod frequency
u Tuned radio feed
u Tuned radio frequency

u If a super hetero dyne radio receiver is tuned to 1255 KHz& the IF frequency is 455KHz,

then the frequency of the local oscillator of the receiver is

u 1255KHz
u 800 KHz
u 1710 KHz
u 455 KHz

u Kirchhoff’s voltage Law states that a)

The sum of voltages in a loop is zero

b)Thealgebraic sumof voltages in a loop is zero c)The
sum of currents at a junction is zero
d) The algebraic sum of currents at a junction is zero



u Among all these materials, which one has poor conductivity ? a)
Copper
b) Aluminum c)

Silicon d) Silver

u A magnet does not attract which one in the following
u Nickel

b)Aluminum
c)Iron d)Cobalt

7) The unit of resistance is
a)Mho b) Volts c) Ampere d) Ohm

8) The expanded form for ‘LDR’ is
a)Light EmittingDisplay
b)Low Dependent Reading
c)Light Emitting Diode
d)Light Dependent Resistor

9)The three leadsof acommontransistor area)Base
Collector Case
b)Emitter Collector Bias
c)Collector Base Omitter
d)Collector Base Emitter

IfR is resistance, I is currentandV is voltage, thenOhms lawstates thata)R=V/I
b)I=R/V
u V=R/I
u V/(R/I)=1

If two capacitors are placed in series, is the final capacitance will be: a)Higher
than the sum of the two capacitors
b)Lowerthantheleastof thetwocapacitorsc)The
sum of the two capacitors
d)Cannot be determined the given data.

u Which is the unit of energy in electronics? a) Ohm
b) Ampere c)
Joules d)
Watt



13) The high frequency band (HF) is
a) 3KHz to 30KHz b) 3MHz to30MHz
c) 30KHz to 300KHz d) 30MHz to300MHz

uAmong the followingwhich is not adirectional antennaa)Whip
antenna

u Yagi-Uda antenna
u Loop

antenna d)Dish

antenna

uTheunit of current is a)
Volts
u Ampere
u Watt
u Hertz

u Ifasmallvalueof inductanceisconnectedinparallelwithalargevalue,thecombined
inductance will be
a) The same b)

Higher c)

Lower

d) Cannot be determined with the given data.

u Theequivalentcapacitancewhenthreecapacitorsof150microfaradare

connected in series is
u 450 micro faradcapacitor
u 300 micro faradcapacitor
u 150 micro faradcapacitor
u 50 micro faradcapacitor

uA resistorwith color bands:Red-Violet-Orange-Silver, has thevalueof a) 23 kilo
Ohm , 5%tolerance
b) 27 kilo Ohm , 5% tolerance c) 2.7

kilo Ohm , l0%tolerance d) 27 kilo

Ohm , 10% tolerance

19) The abbreviation of RMS voltage is



u Railway Mail Servicevoltage
u Real Mean Squarevoltage
u Root Mean Square voltage
u RootMean Service voltage

u If the peak voltage of a sinusoidal ac supply is 150 volts, the RMS value is a) Less than
peak value
b) More than peak value c)
Equal to peak value
d) Not related to peak value of the voltage

u A capacitor and inductor in series is called a
u Tuned Circuit
u Timing Circuit
u Delay Circuit
u Schmitt Circuit

uAdomestic invertera)

Converts ac to ac

u Converts ac todc
u Converts dc to ac
u Converts dc to dc

The current in a circuit is 25mA, then the equivalent value is
u 0.00025 Ampere
u 0.0025 Ampere
u 0.025 Ampere
u 0.25 Ampere

If 2 mA current flows through a 100 Kohm resistor, then the voltage across it is

u 2 volts
u 20 volts
u 200 volts
u 0.2 volts

The tolerance bands with colors gold, silver & brown represent
u 5%, 10%, 2%
u 5%, 10%, 1%
u 10%, 5%, 1%



u 10%, 5%, 2%

India uses which encoding technique for commercial TV broad cast
u NTSC
u SECAM
u PAL
u None of theabove

The video bandwidth in a TV transmission in India is
u 455 KHz
u 10.7 MHz
u 4.2 MHz
u 5.5MHz

u Sky wave propagation utilizes a)
Troposphere
b)Stratospherec)

Ionosphere d)

Exosphere

29) Ionosphere does not have layer.
u C
u D
u E
u F

u Which layer of ionosphere disappears during night time? a) C
b) D
c) E

d) F

u In dealingwith sky/groundwave propagation, the area of silencewhere no signals are
received is the
a) dead zone b)
skipdistance c)
skip zone
d) propagation distance.



u Frequencies lesser than the critical frequency are a)
passed into space
b)themostdesirablec)
returned toearth
d) refracted by the F2 layer

33)For mobile communications, the up-link frequency is down link frequency.
u Lessthan
u More than
u Equal to
u Lessor morethanthe

u All India Radio (AIR) does not broadcast a)
Amplitude Modulation transmission
b) Frequency Modulation transmission c)
Pulse Modulation transmission
d) Both a and b

u A diode can be used in the following stages of a radio receiver
u Detector
u Mixer
u Rectification
u All of theabove

36)Geo stationaryorbit is km away from the earth
u 3100
u 32786
u 36786
u 39000

Which antenna is used for direction finding purpose?
u Loop antenna
u Active Whip antenna
u Whip antenna
u Dipole antenna

A transformer converts
u AC voltage into DC voltage
u DC voltage into AC voltage
u AC voltage into different AC voltage

u DC voltage into different DC voltage



39)A matching transformer (10:1 turns ratio) is used to match 200 ohms into ohms.

u 2
u

c)
200
u

20

5

The following are transformer losses
u Hysteresis losses
u Eddy current losses
u Copper losses
u All of theabove

Digital modulation techniques are
u Amplitude modulation
u Frequency modulation
u Phaseshiftkeying

u Phase modulation

The following idle component dissipates energy
u Capacitor
u Inductor
u Resistor
u All of theabove

The most common stage used for amplifying an electrical signal is
u Common Base
u Common collector
u Common emitter
u Emitter follower

The biasing of a transistor is to
u Toavoid thermalrunaway
u To provide stable operation
u To have a stable quiescent point
u All of theabove



The ideal value of ripple factor should be
u 0
u 1
u0.707
u 1.414

The full wave rectifier employs
u 1 diode
u 2 diodes
u 3 diodes d) 4 diodes

u The following is used as a Voltage smoothing device a)
Resistor
u Capacitor
u Inductor
u Both a andb

u The followingmodulation is used for audio transmission inTVbroadcast a)Amplitude
modulation
b) Frequency modulation c)
Pulse modulation
d) None of the above

u NICAM technique is used in TV broadcast
u For transmitting video
u For transmitting mono aural audio
u For transmitting stereoaudio
u For transmitting timingsignals

50)Conventional Facsimilemachinesends data over media
u Analog, air
u Digital, air
u Analog, telephone
u Digital, telephone

SECTION-B



UnderIndianWirelessTelegraphrules,1973,theminimumagetoworkonaradiotransmitting
apparatus is years

u 12
u 15
u 18
u 21

u Anamateur is forbidden to transmit a)

communications ofbusiness
u transmissions of entertainment value or music
u advertisements
u all the above

u Log containing chronological record of all transmissions should be preserved for a) 1 day
b) 1 month c)
6 months d) 12
months

u Log containing chronological record of all transmissions should contain
u Date and time of all transmissions
u Call sings intercepted

u Summary of communications
u All of theabove

u Which of the following should be given top priority? a)
Safety signal
b) Routine communication signal c)
Distress signal
d) Urgency signal

u The following is not an amateur call sign of India a)
VU2XYZ
b) VU3ABC c)

VU44AB d)

VU3RS

u The standard time & frequency signal in India is
a) 5 MHz



u 10 MHz
u 20 MHz
u 100 MHz

u The standard time & frequency signal in India call sign is a) VU2
b) VU3 c)
ATA d)
ATU

u The abbreviation for end of message in Morse code is a) AA
b) AR c)
ED d)
EN

u QTR stands for ?
u What is the correct time?
u What is your position in latitude and longitude?
u Thank you forsending
u What is Time and Hour?

u The standard emission designation consists of a) 8
letters/numerals
b) 3 letters/numerals c)

6 letters/numerals

u 2 letters/numerals

u Metric waves means a)
3-30 MHz
b) 3-30 KHz c)
30-300 KHz d)
30-300 MHz

u The standard bandwidth designationconsistsof a)
5 letters/numerals
b) 3 letters/numerals c)
4 letters/numerals d) 2
letters/numerals



u Which shouldbeusedasa suffix in call signfor mobileamateur stations a) ME
b) MB c)
MO d)
ML

u The Q codefor “What isthe correcttime” is
u QCT
u QTM
u QRT
u QTR

u TheQcodefor “Aremy signalsfading?” is a)
QSB
b) QAM c)

QSI d)

QSF

u The Q codeQRQ represents
u Shall I stopslowing?
u Shall I increasepower?
u Shall I sendfaster?
u Shall I decreasepower?

u The Phoneticalphabetfor L is a)
Lilly
b)Limac)

Limca d)

Lisa

u The Phonetic for ‘3’ is
u TerraThree
u Tele Three
u TangoThree
u TangoTree

u The expanded from for AA in Morse code is a) End
of line
b) End ofmessage
c) End of transmission



u End of signal

u The expanded form for TU in Morse code is a)
Thank u
b) Thank you
c) Thank everyone
d) None of theabove

u The expanded form for CQ in Morse code is a)
Calling you
b)Callinganystationc)

Calling Quebec d)

Calling none

u The abbreviation for ‘stand by’ in Morse code is
u SY
u AS
u SB
u AD

u The Q code for “What is the name of your station ?” is a) QNS
b) QRA c)
QYS d)
QNA

u The Q code for “Are you ready?” is
u QRY
u QRV
u QAR
u QRE

76) The expanded from of SOS is
u Save our selves
u Save one self
u Save one souls
u Save our souls

u Thedistress signal in radio telephony is a)
Help, Help,Help



u May day. May day, May day
u Save, Save, Save
u Save our souls

u Thephonetic foralphabet‘Y’ isa)
Yardly
u Yankee
u Yan
u Yarn

u The phonetic for ‘9’ is a)
New Nine
b) Nove Nine c)
Novel Nine d)
Nine

u Which one of this is not a standard frequency signal a) l5
MHz
b) l0 MHz c)
5 MHz d) 1
MHz

u The renewal fee for General Grade Amateur license under new rules is a) Rs 1000
u Rs 2000
u Rs. 100
u Rs.200

u The fee for mobile endorsement under new rules is a) Rs 100
b) Rs. 200 c)

Rs.

1000 d) Rs.
2000

u ThemaximumDCpowerpermittedundernewrules forRestrictedgradeamateurs

under 144-146 MHz band is
u 10 watts
u 25 watts
u 50watts



d) 100 watts

u ThemaximumDCpowerpermittedundernewrules forGeneral gradeamateurs
under 7000-7100 KHz band is
a) 50 watts b)
100 watts c)
200 watts d)
400 watts

u ThepermittedemissionundernewrulesforRestrictedgradeamateursunder144-
l46 MHz bandis
a) A3E b)
J3E c)
F3E d)
AlA

u The first symbol in thedesignation for classificationofemission represents a)Natureof
signals modulating the main carrier
b) Typeofmodulationof themaincarrier c)Type

of information to be transmitted

u None of the above

u Emission designation of commercial FM broadcast transmission in India is a) ME
b) J3E c)

F3E d)

R3E

u Conventional Morse code transmission can be represented by
u J3E
u F3E
u ME
u AlA



The second symbol in the designation of emission represents
u Nature of signals modulating the main earner
u Type of modulation of the main carrier
u Type of information to be transmitted
u None of theabove

The following frequency band is permitted for general grade amateurs only
u 1820 - 1860 KHz
u 3500 - 3700 KHz
u5725 - 5840 MHz
u 21000 - 21450KHz

The fee for change of location new rules is
u Rs. 100
u Rs. 200
u Rs. 500
u Rs.

1000

u ThemaximumDCpowerpermittedundernewrules forGeneral gradeamateurs
under 144-146 MHz band is
a) 10watts b)

25watts c) 50

watts d) 100

watts

u The standard designation for a bandwidth of 4.8 KHz is
u 4800 Hz
u 4K8
u 4K8
u d)

4800

uAbandwidthof402Mrepresentsa)
4000 MHz
b) 402 MHz c)

4.2 MHz d)

420 MHz

u The emission C3F denotes

u Singlesidebandanalogaudio emission
u Commonanalogradio emission



u Vestigial sidebandanalog TVemission

u Vestigial sidebanddigital TVemission

u The expanded form for RST is a)
Readability signal tone
b) Readability strength tone c)
Readability strength testing
d) Readability signal strengthtone

u The phonetic for ‘W’ is
u Wine
u White
u Whiskey
u Wheel

The UHF band extends from
u 3-30 KHz
u 30-300 MHz
u 3-30 MHz
u 300-3000 MHz

Which of the frequency bands wasnot allocated for Amateur service
u 7000 - 7100 KHz
u 7100 - 7200 KHz
u 10120 - 10240 KHZ
u 28000 - 29700 KHz

‘WPC’ stands for
u Wireless PlanningandCoordination
u WirelessPlacementcell
u WirelessPlanningcell
u WirelessPlacementandCoordination

*********************
****



Annexure-I

Ahmedabad:
Officer-in-Charge,
WirelessMonitoring
Station,
A/101, Amarkunj
Aparrtments,
Opp. Gurukul,
Ahmedabad-380052
Ajmer:
Officer-in-Charge,
WirelessMonitoring
Station,

ListofWirelessMonitoringStationsconductingamateur
radio licencingexamination

Christianganj, Shantipura,
Ajmer-305 001
Bangalore:
Officer-in-Charge,
Wireless Monitoring
Station, 18, Padmanabha Nagar,
Banashakari,2nd Stage,
Bangalore-
560070
Bhopal:
Officer-in-Charge,
WirelessMonitoring
Station,
E-1/149,
Arera Colony,
Bhopal-462003
Calcutta:
Officer-in-Charge,
Wireless Monitoring
Station,
Village-Gopalpur, P.O.
Sarkarpool,
24-Parganas,
Calcutta- 743352
Darjeeling:
Officer-in-Charge,
Wireless Monitoring
Station, 7,
Oak's Rose Bank Building,

Holding No. 560,
Darjeeling 734101
Dibrugarh:
Officer-in-Charge,
Wireless Monitoring
Station,
Girdharilal Sardarmall’s
Building,
Mancotta Road,
Dibrugarh-786001



Delhi:
Engineer-in-Charge, Regional Headquarter (N),
E-315, Pushpa Bhavan,
Madangir
Road,
New Delhi-110 062
Gorakhpur:
Officer-in-Charge,
Wireless Monitoring
Station, Avas
Vikas Colony, Surajkund,
Gorakhpur-273001
Goa:
Officer-in-Charge,
Wireless Monitoring
Station, Near
Teachers' Training College,
P.O.
Alto Betim,

Goa- 403112
Hyderabad: Officer-in-Charge, Wireless Monitoring Station, 1-1-648/4
Gandhi Nagar, Secunderabad-500380
Jalandher City: Officer-in-Charge, Wireless Monitoring Station, 327, Mota Singh Nagar,
Jullander City 144001

Jalna:
Engineer-in-Charge
International Satellite
Monitoring
Earth Station, Indewadi
Village,
Ambad Road,
Jalna-431203
Madras:
Officer-in-Charge,
Wireless Monitoring
Station,
Perungudi,

Madras-600096



Mangalore:
Officer-in-Charge,
Wireless Monitoring Station,
3-1-41,
Bijai,

Swarna Niketan, Mangalore-575004
Mumbai:
Officer-in-Charge,
Wireless Monitoring Station,
Gorai
Road, Borivili (W),
Mumbai 4000092
Nagpur:
Officer-in-Charge,
Wireless Monitoring Station,
Chindwara Road, P.O. Koradi
T.P.S.,
Nagpur 441111

Ranchi:
Officer-in-Charge,
Wireless Monitoring Station,
P.O.
Harmo Housing Colony,
Ranchi-834012

Shillong:
Engineer Inspection, Wireless Monitoring Station,

Lapalang, Rynjah,

Shillong-793006

Srinagar:
Officer-in-Charge,
Wireless Monitoring Station,
Kursu,
Rajbagh,

Srinagar-190008

Trivandrum:
Officer-in-Charge,
Wireless Monitoring Station,

T.C. 9/951-1, Panicker's Lane,

Sasthamangalam, Trivandrum- 695010



Place

Schedule of licencing examination:
Month of Examination

Delhi, Mumbai, Calcutta & Madras Every month

Ahmedabad, Hyderabad & Nagpur January, March,
June, August,

October & December
Ajmer, Bangalore, Bhopal, Darjeeling, January, April,

July & October Dibrugarh, Gorakhpur, Goa,
Jalandhar, Jalna, Mangalore,
Ranchi, Shillong, Srinagar,
Trivandrum, Visakhapatnam





Annexure-II
Call-sign Prefixes of Amateur Radio Stations of different countries

allotted by the
International Telecommunication Union (ITU)

Prefix Country CQ Zone

1AO Sovereign Military Order of Malta 15

1S Spratly Is. 36

1X Chechnya (erstwhile USSR)

2A-2Z United Kingdom 14

3A Monaco 14

3B6,7 Agalega & St. Brandon 39

3B8 Mauritius 39

3B9 Rodriguez Is. 39

3C Equatorial Guinea 36

3C0 Annobon 36

3D2 Fiji, Conway Reef, Rotuma Is. 32

3DA Swaziland 38

3DN Fiji 32

3K3 European Islands between 30 Deg. E long. To 170 Deg.W long

3V Tunisia 33

3W, XV Vietnam 26

3X Guinea 35

3Y Bouvet 38

3Y Peter Is. 12

3Z Poland 15

4F Philippines 27

4JA-4JZ, 4KA- Azerbaidjan 21

4KZ

4J1, R1MV Malyj Vysotskij Island 16

4K0 Drifting Ice Station (Russian Polar Stations)

4K1 Antarctica (Russian Polar Stations)

4K4 Asian Islands between 65 Deg E long. To 170

Deg. W long

4K2 Franz Josef Land (Russian Polar Stations) 40

4LA-4LZ Georgia 21

4P-4S Sri Lanka 22

4U ITU Geneva 14

4U United Nations Headquarters 05
4X, 4Z Isreal

2
20







Prefix Country CQ Zone

5T Mauritania 35

5U Niger 35

5V Togo 35

5W Western Sarnova 32

5X Uganda 37

5Y, 5Z Kenya 37

6O Somalia 37

6V, 6W Senegal 35

6Y Jamaica 08

7J-7N Japan 25

7O Yemen 21, 37

7P Lesotho 38

7Q Malawi 37

7S Sweden 14

7T-7Y Algeria 33

7Z Saudi Arabia 21

8J Japan 25

8P Barbados 08

8Q Maldive Is 22

8R Guyana 09

8S Sweden 14

8Z Saudi Arabia 21

9A Croatia 15

9G Ghana 35

9H Malta 15

9I, 9J Zambia 36

9K Kuwait 21

9L Sierra Leone 35

9M2, 4 West Malaysia 28

9M6, 8 East Malaysia 28

9N Nepal 22

9O-9T Zaire 36

9U Burundi 36

9V Singapore 28

9X Rwanda 36

9Y, 9Z Trinidad and Tobago 09

A2 Botswana 38

A3 Tonga 32









Prefix Country CQ Zone

A6 United Arab Emirates 21

A7 Qatar 21

A8 Liberia 35

A9 Bahrain 21

AA-AL USA 3,4,5

AM-AO Spain 14

AT-AW India 22

AP-AS Pakistan 21

BS7 Scarborough Reef 27

BM, BO, BU, BV Taiwan 24

BA, BD, BG, BT,

BY

China 23, 34

C2 Nauru 31

C3 Andorra 14

C5 Gambia 35

C6 Bahamas 08

C8-C9 Mozambique 37

CA-CE Chile 12

CE0 Easter Island, San Felix and San Ambrosia, Juan

Fernandez Island

12

CE9 Antarctica

CF-CK Canada 1-5

CM, CO Cuba 08

CN Morocco 33

CP Bolivia 10

CT Portugal 14

CT3 Madeira Is. 14

CU Azores 33

CV-CX Uruguay 13

CY9 St. Paul Island 05

CY0 Sable Island 05

D2-3 Angola 36

D4 Cape Verde 35

D5 Liberia 35

D6 Comoros 39

DA-DM Germany 14

DU-DZ Philippines 27

E2 Thailand 26



E3

E4

Eritrea

Palestine

37

EA-EH Spain 14

EA6-EH6 Balearic Is. 14
Prefix Country CQ Zone

EA8-EH8 Canary Is. 33

EA9-EH9 Ceuta and Melilla 33

EI-EJ Ireland 14

EK Armenia 21

EL Liberia 35

EP-EQ Iran 21

ER Maldova 16

ES Estonia 15

ET Ethiopia 37

EU, EV, EW Byelorussia 16

EX Kyrgyzstan 17

EY Tajikistan 17

EZ Turkmenistan 17

F, TM, TO-TQ France 14

FG Guadeloupe 08

FH Mayotte 39

FJ, FS Saint Martin 08

FK New Caledonia 32

FM Martinique 08

FO Clipperton Is. 07

FO French Polynesia 32

FP St. Pierre & Miquelon Is. 05

FR, FG Glorioso Is. 39

FR, FJ, FE Juan de Nova (Europe) 39

FR, FT Tromelin Is. 39

FR Reunion Is. 39

FT8W Crozet Is. 39

FT8X Kerguelen Is. 39

FT8Z Amsterdam & St. Paul Is. 39

FW Wallis & Futuna Is. 32

FY French Guiana 09

G, GX England 14

GD, GT, MD Isle of Man 14

GH, GJ Jersey 14



GI, GN Northern Ireland (UK) 14

GM, GS Scotland (UK) 14

GU, GP Guernsey 14

GW, GC Wale (UK) 14

H4 Solomon Is. 28

HA, HG Hungary 15

Prefix Country CQ Zone

HB Switzerland 14

HB0 Liechtenstein 14

HC, HD Equador 10

HC8, HD8 Galapagos Is. 10

HH Haiti 08

HI Dominican Republic 08

HJ, HK Colombia 09

HK0 Malpelo Is 09

HK0 San Andres & Providencia 07

HL, DS, DT South Korea 25

HO, HP, 3E, 3F Panama 07

HQ, HR Honduras 07

HS Thailand 26

HV Vetican 15

HZ Saudi Arabia 21

IA-IZ Italy 15, 33

IS0, IM0 Sardinia 15

J2 Djibouti 37

J3 Grenada 08

J4 Greece 20

J5 Guinea-Bissau 35

J6 St. Lucia 08

J7 Dominica 08

J8 St. Vincent & Grenadlines 08

JA-JS Japan 25

JD1 Minami-Tori-Shima 27

JD1 Ogasawara Is. 27

JT-JV Mongolia 23

JW Svalbard Is. 40

JX Jan Mayen Is. 40

JY Jordan 20

K, W, NA-NZ, United States of America 3,4,5



AA-AK

KC6 Belau (Western Caroline Is.) 27

KG4 Guatanamo Bay 08

KH0 Manana Is. 27

KH1 Baker & Howland Is. 31

KH2 Guam 27

KH3 Johnston Is. 31
KH4 Midway Is. 31

KH5 Palmyra Jarvis Is. 31

Prefix Country CQ Zone

KH5K Kingman Reef 31

KH6 Hawaii 31

KH7 Kure Is. 31

KH8 American Samao 32

KH9 Wake Is. 31

KL7 Alaska 1

KP1 Navassa Is. 08

KP2 Virgin Is. 08

KP3, KP4, WP Puerto Rico 08

KP5 Desecheo Is. 08

LA-LN Norway 14

LO-LW, AY, AZ Argentina 13

LX Luxembourg 14

LY Lithuania 15

LZ Bulgaria 20

M1, M0 United Kingdom 14

OA-OC Peru 10

OD Lebanon 20

OE Austria 15

OF-OI Finland 15

OH0 Aland Is. 15

OJ0 Market Reef 15

OK, OL Czeck Republic 15

OM Slovak Republic 15

ON-OT Belgium 14

OX Greenland 40

OY Faroes 14

OZ Denmark 14

P2 Papua New Guinea 28



P4 Aruba 09

P5 North Korea 25

PA-PI Netherlands 14

PJ2, 4, 9 Bonaire, Curacao (Neth Antilles) 09

PJ5-8 St. Maarten, Saba & St. Eustatius Is. 08

PP-PY

PP0-PY0

Brazil
FernandodeNoronha, St. Peters&St. Paul
Rocks,

11

11

Trinidad & Martin Vaz

PZ Surinam 09

S0 Western Sahara 33
S2 Bangladesh 22

S4 South Africa 38

Prefix Country CQ Zone

S5 Slovenia 15

S7 Seychelles 39

S9 Sao Tome & Principe 36

SA-SM Sweden 14

SN-SR Poland 15

ST Sudan 34

ST0 Southern Sudan 34

SU Egypt 34

SV-SZ Greece 20

SV/A Mount Athos 20

SV5 Dodecanese 20

SV9 Crete 20

T2 Tuvalu 31

T30 W. Kiribati (Gilbert Is.) 31

T31 Central Kiribati (British Phoenix Is.) 31

T32 East Kiribati (Line Is) 31

T33 Banaba Is. (Ocean Is.) 31

T5 Somalia 37

T7 San Marino 15

T9, 4N4, 4O4 Bosnia-Herzegovina 15

TA-TC Turkey 20

TF Iceland 40

TG, TD Guatemala 07

TI, TE Costa Rica 07

T19 Cocos Is 07

TJ Cameroon 36



TK Corsica 15

TL Central Africa 36

TN Congo 36

TR Gabon 36

TT Chad 36

TU Ivory Coast 35

TY Benin 35

TZ Mali 35

UA-UI1, 3, 6, RA- European Russia 16

RZ

UA2 Kaliningrad 15

UA-UI8, 9, 0 RA- Asiatic Russia

RZ

UJ-UM Uzbekistan 17
UN-UQ Kazakhstan 17
UR-UZ, EM-EO Ukraine 16
Prefix Country CQ Zone

V2 Antigua Barbuda 08

V3 Belize 07

V4 St. Kitts & Nevis 08

V5 Namibia 38

V6 Micronesia (East Caroline Is.) 27

V7 Marshall Is. 31

V8 Brunei 28

VA, VE, VF, VO, Canada 1-5

VY

VK, VI, AX Australia 29, 30

VK0 Heard Is. 39

VK0 Macquarie Is. 30

VK9C Cocos-Keeling Is. 29

VK9L Lord Howe Is. 30

VK9M Mellish Reef 30

VK9N Norfolk Is. 32

VK9W Willis Is. 30

VK9X Christmas Is. 29

VP2E Anguilla 08

VP2M Montserrat 08

VP2V British Virgin Is. 08

VP5 Turks & Caicos Is. 08

VP8 Falkland Is. 13



VP8, LU South Georgia Is. South Orkney Is., South

Sandwich Is.

13

VP8, CE9, HF0, South Shetland Is. 13

LU, RA1

VP9 Bermuda Is. 05

VQ9 Chagos Is. 39

VR6 Pitcairn Is. 32

VS6, VR2 Hong Kong 24

VU2, VU3 India 22

VU7 Andaman & Nicobar Is. (India) 26

VU4 Laccadive Is. (India) 22
XA-XI, 4A-4C Mexico 06

XA4-X14 Revilla Gigedo 06

XJ Canada 1-5

XT Burkina Faso 35

XU Cambodia 26

XW Laos 26

XX9 Macao 24
XY-XZ Myanmar 26
YA, T6 Afghanistan 21
Prefix Country CQ Zone

YB-YH Indonesia 28

YI Iraq 21

YJ Vanuatu 32

YK Syria 20

YL Latvia 15

YN Nicaragua 07

YT, YU, YZ, 4N Yugoslavia 15

YV-YY, 4M Venezuela 09

YV0 Ares Is. 08

Z2 Zimbabwe 38

Z3, 4N5 Macedonia 15

ZA Albania 15

ZB2

ZC4

Gibraltar
Cyprus (UnitedKingdomSovereign
Bases)

14

20

ZD7 St. Helena 36

ZD8 Ascension Is. 36

ZD9 Tristan de Cunha & Gough Is. 38

ZF Cayman Is. 08



ZK1 North & South Cook Is. 32

ZK2 Niue 32

ZK3 Tokelau Is. 31

ZL, ZM New Zealand 32

ZL7 Chatham Is. 32

ZL8 Kermadec Is. 32

ZL9 Auckland & Campbell Is. 32

ZP Paraguay 11

ZR-ZU Republic of South Africa 38
ZS0, 1 Penguin Is. 38

ZS8 Prince Edward & Marion Is. 38

List of Call-sign Blocks allotted by ITU

Prefix Country Prefix Country Prefix Country

AAA-ALZ USA AMA- SPAIN APA-ASZ PAKISTAN

AOZ

ATA- INDIA AXA-AXZ AUSTRALIA AYA-AZZ ARGENTINE

AWZ

A2A-A2Z BOTSWANA A3A-A3Z TONGA A4A-A4Z OMAN

A5A-A5Z BHUTAN A6A-A6Z U.A.E. A7A-A7Z QATAR

A8A- LIBERIA A9A-A9Z BAHRAIN BAA-BZZ CHINA

A8Z

CAA- CHILE CFA-CKZ CANADA CLA-CMZ CUBA

CEZ

CNA- MOROCCO COA-COZ CUBA CPA-CPZ BOLIVIA

CNZ

CQA- PORTUGAL CVA-CXZ URUGUAY CYA-CZZ CANADA

CUZ

C2A-C2Z NAURU C3A-C3Z ANDORRA C4A-C4Z CYPRUS

C5A-C5Z GAMBIA C6A-C6Z BAHAMAS C7A-C7Z World

Meteorological

Organisation

C8A-C9Z MOZAMBIQ
UE

DAA-DRZ GERMANY DSA-DTZ SOUTH KOREA

Prefix Country Prefix Country Prefix Country

DUA- PHILIPPINES D2A-D3Z ANGOLA D4A-D4Z CAPE VERDE

DZZ

D5A- LIBERIA D6A-D6Z COMOROS D7A-D7Z SOUTH KOREA

D5Z

D7A- SOUTH EAA-EHZ SPAIN EIA-EJZ IRELAND
D9Z KOREA ELA-ELZ LIBERIA EMA-EOZ UKRAINE



EKA-EKZ ARMENIA
EPA-EQZ IRAN ERA-ERZ MOLDOVA ESA-ESZ ESTONIA

ETA-ETZ ETHIOPIA
EUA-
EWZ BELARUS EXA-EXZ KYRGYZ

EYA-EYZ TAJIKISTAN EZA-EZZ
TURKMENIS
TA E2A-E2Z THAILAND

E3A-E3Z ERITREA E4A-E9Z

N
UNALLOTT
ED HAA-HAZ HUNGARY

HBA- SWITZERLAN HCA-HDZ ECUADOR HEA-HEZ SWITZERLAND

HBZ D

HFA-HFZ POLAND HGA-HGZ HUNGARY HHA-HHZ HAITI

HIA-HIZ DOMINIC HJA-HKZ COLOMBIA HLA-HLZ SOUTH KOREA

REP.

HMA- NORTH HNA- IRAQ HOA-HPZ PANAMA

HMZ KOREA HNZ
HQA- HONDURAS HAS-HSZ THAILAND HTA-HTZ NICARAGUA

HRZ

HUA- EL HVA-HVZ VETICAN HWA-HYZ FRANCE

HUZ SALVADOR

HZA- SAUDI H2A-H2Z CYPRUS H3A-H3Z PANAMA

HZZ ARABIA
UNALLOTTE

H4A- SOLOMON H5A-H5Z D H6A-H7Z NICARAGUA

H4Z IS.

H8A- PANAMA IAA-IZZ ITALY JAA-JSZ JAPAN

H9Z

JTA-JVZ MONGOLIA JWA-JXZ NORWAY JYA-JYZ JORDAN

JZA-JZZ INDONESIA J2A-J2Z DJIBOUTI J3A-J3Z GRENADA

J4A-J4Z GREECE J5A-J5Z
GUINEABISS
A J6A-J6Z ST. LUCIA

J7A-J7Z DOMINICA J8A-J8Z

U
ST.VINCENT
/ J9A-J9Z UNALLOTTED

GRE

NADINES

KAA-KZZ U.S.A. LAA-LNZ NORWAY LOA-LWZ ARGENTINA

LXA-LXZ LUXEMBOU LYA-LYZ LITHUANIA LZA-LZZ BULGARIA

RG

L2A-L9Z ARGENTINA MAA- UNITED NAA-NZZ U.S.A.

MZZ KINGD

OM

OAA- PERU ODA- LEBANON OEA-OEZ AUSTRIA

OCZ ODZ

OFA-OJZ FINLAND OKA-OLZ CZECH OMA- SLOVAK

REPUBLI OMZ REPUBLIC



OUA-
C

ONA- BELGIUM OZZ DENMARK PAA-PIZ NETHERLANDS

OTZ

PJA-PJZ NETHERLA PKA-POZ INDONESIA PPA-PYZ BRAZIL

ND

ANTILLES

PZA-PZZ SURINAME P2A-P2Z PAPUA/N P3A-P3Z CYPRUS

EW

GUINEA

P4A-P4Z ARUBA P5A-P9Z NORTH RAA-RZZ RUSSIAN

KOREA FEDERATIO

NS

SAA- SWEDEN SNA-SRZ POLAND SSA-SSM EGYPT

SMZ

SSN-STZ SUDAN SUA-SUZ EGYPT SVA-SZZ GREECE
UNALLOTTE

S2A-S3Z BANGLADES S4A-S4Z D S5A-S5Z SLOVENIA

H

S6A-S6Z SINGAPORE S7A-S7Z SEYCHELLES S8A-S8Z SOUTH AFRICA

S9A-S9Z SAO TAA-TCZ TURKEYALA TDA-TDZ GUATEMALA

TOME &

PRINCIPE

TEA-TEZ COSTA RICA TFA-TFZ ICELAND TGA-TGZ GUATEMALA

THA-THZ FRANCE TIA-TIZ COSTA RICA TJA-TJZ CAMEROON

TKA-TKZ FRANCE TLA-TLZ CENTRA TMA-TMZ FRANCE

L

AFRICA

N

REPUBLI

C

TNA- CONGO TOA-TQZ FRANCE TRA-TRZ GABON

TNZ

TSA-TSZ TUNISIA TTA-TTZ CHAD TUA-TUZ IVORY COAST

TVA-TXZ FRANCE TYA-TYZ BENIN TZA-TZZ MALI
T2A-T2Z TUVALU T3A-T3Z KIRIBATI T4A-T4Z CUBA
Prefix Country Prefix Country Prefix Country

T5A-T5Z SOMALIA T6A-T6Z
AFGANISTA
N T7A-T7Z SAN MARINO

T8A-T8Z PALAUREP. T9A-T9Z BOSNIA & UAA-UIZ RUSSIAN FED.

HERZEGOV

UJA- UZBEKISTAN UNA-

INA
KAZAKSTA
N URA-UZZ UKRAINE



UMZ UQZ

VAA- CANADA VHA-VNZ AUSTRALIA VOA-VOZ CANADA

VGZ
HONGKON

VPA- U.K. VRA-VRZ G VSA-VSZ U.K.

VQZ

VTA- INDIA VXA-VYZ CANADA VZA-VZZ AUSTRALIA

VWZ
V2A-V2Z ANTIGUA V3A-V3Z BELIZE V4A-V4Z ST.KITTS&NEVIS

V5A-V5Z NAMIBIA V6A-V6Z
MICRONESI
A V7A-V7Z MARSHALL IS.

V8A-V8Z BRUNEI V9A-V9Z
UNALLOTTE
D WAA- U.S.A.

WZZ

XAA-XIZ MEXICO XJA-XOZ CANADA XPA-XP7 DENMARK

XQA- CHILE XSA-XSZ CHINA XTA-XTZ BURKINAFASO

XRZ

XUA- CAMBODIA XVA-XVZ VIETNAM XWA- LAO

XUZ XWZ

XXA- PORTUGAL XYA-XZZ MYANMAR YAA-YAZ AFGANISTAN

XXZ

YBA-YHZ INDONASIA YOKA-YIZ IRAQ YJA-YJZ VANUATU

YKA-YKZ SYRIA YLA-YLZ LATVIA YMA- TURKEY

YMZ

YNR- NICARAGUA YOA-YRZ ROMANIA YSA-YSZ EL SALVADOR

YNZ
VENEZUEL

YTA-YUZ YUGOSLAVI YVA-YYZ A YZA-YZZ YUGOSLAVIA

A

Y2A-Y9Z GERMANY ZAA-ZAZ ALBANIA ZBA-ZJZ U.K.

ZKA- NEW ZNA-ZOZ U.K. ZPA-ZPZ PARAGUAY

ZMZ ZEALAND

ZQA- U.K. ZRA-ZUZ SOUTH ZVA-ZZZ BRAZIL

ZQZ

Z2A-Z2Z ZIMBABWE 23A-23Z

AFRICA
MACEDONI
A Z4A-Z9Z UNALLOTTED

2AA-2ZZ U.K. 3AA-3AZ MONACO 3BA-3BZ MAURITIUS

3CA-3CZ EQUATOR 3DA-3DM
SWAZILAN
D 3DN-3DZ FIJI

IAL

GUINEA

3EA-3FZ PANAMA 3GA-3GZ CHILE 3HA-3UZ CHINA

3VA-3VZ TUNISIA 3WA-3WZ VIETNAM 3XA-3XZ GUINEA

3YA-3YZ NORWAY 3ZA-3ZZ POLAND 4AA-4CZ MEXICO



4DA-4IZ PHILIPPINES 4JA-4KZ
AZERBAIJA
N 4LA-4LZ GEORGIA

4MA- VENEZUELA 4NA-4OZ
YUGOSLAVI
A 4PA-4SZ SRILANKA

4MZ

4TA-4TZ PERU 4UA-4UZ UNITED 4VA-4VZ HAITI

NATIONS

4WA- UNALLOTTE 4XA-4XZ ISREAL 4YA-4ZZ UNALLOTTED

4WZ D

5AA-5AZ LIBYA 5BA-5BZ CYPRUS 5CA-5GZ MOROCCO

5HA-5IZ TANZANIA 5JA-5KZ COLOMBIA 5LA-5MZ LIBERIA

5NA- NIGERIA 5PA-5QZ DENMARK 5RA-5SZ MADAGASCAR

5OZ

5TA-5TZ MAURITANI 5UA-5UZ NIGER 5VA-5VZ TOGOLE

A SE

REPUBLI

C

5WA- WEST 5XA-5XZ UGANDA 5YA-5ZZ KENYA

5WZ SAMOA

6AA-6BZ EGYPT 6CA-6CZ SYRIA 6DA-6JZ MEXICO

6KA- S. KOREA 60A-6OZ SOMALI 6PA-6SZ PAKISTAN

6NZ

6TA-6UZ SUDAN 6VA-6WZ SENEGAL 6XA-6XZ MADAGASCAR

6YA-6YZ JAMAICA 6ZA-6ZZ LIBERIA 7AA-7IZ INDONESIA

7JA-7NZ JAPAN 7OA-7OZ YEMEN 7PA-7PZ LESOTHO

7QA- MALAWI 7RA-7RZ ALGERIA 7SA-7SZ SWEDEN

7QZ
SAUDI

7TA-7YZ ALGERIA 7ZA-7ZZ ARABIA 8AA-8IZ INDONESIA

8JA-8NZ JAPAN 8OA-8OZ BOTSWANA 8PA-8PZ BARBADOS

8QA- MALDIVES 8RA-8RZ GUYANA 8SA-8SZ SWEDEN

8QZ
SAUDI

8TA-8YZ INDIA 8ZA-8ZZ ARABIA 9AA-9AZ CROATIA
9BA-9DZ IRAN 9EA-9FZ ETHIOPIA 9GA-9GZ GHANA
Prefix Country Prefix Country Prefix Country

9HA- MALTA 9IA-9JZ ZAMBIA 9KA-9KZ KUWAIT

9HZ

9LA-9LZ SIERALEONE 9MA- MALAYSIA 9NA-9NZ NEPAL

9MZ
9OA-9TZ CONGO 9UA-9UZ BURUNDI 9VA-9VZ SINGAPORE
9WA- MALAYSIA 9XA-9XZ RWANDA 9VA-9ZZ TRINIDAD &

9WZ TOBAGO





ANNEXURE-III

A Sample Question Paper for Amateur Radio Licencing
Examination

SECTION-A

Radio Theory and Practice

uWhat is Ohm’s law? A resistor has the following colour bands: RED, RED,

ORANGE & GOLD respectively. What is the value of this resistor?

u State whether ‘TRUE’ or ‘FALSE’ and correct the ‘FALSE’ statements:

When two resistors are connected in parallel, their resistance increases.

A capacitor allows DC current to pass through it.

When two capacitors are connected in parallel, their capacitance decreases.

In a P-N junction diode, flow of current is possible only when the
negative pole of the battery is connected to the p-type
semiconductor and positive pole to n- type semiconductor.

Centretappedtransformersecondary isnotessentialfora
bridge rectifier circuit.

Ina transistor amplifier circuit, the ‘emitter’ is always reverse
biased and ‘collector is always forward biased.

In a PNP transistor, the ‘collector’ is applied with a negative voltage.

SWR value is more than one for a matched system.

Thefourthbandinaresistorissilvercoloured.Thetoleranceof
this resistor is 10%.

Two capacitors with the values 5 mFd & 10 mFd are connected in
parallel. The 5mFd capacitor has a voltage rating of 10 volts and the
10mFd capacitor has a voltage rating of 6 volts. We can apply 9 volts
to this circuit without damaging the 10 mFd capacitor.

uDrawthe schematicdiagramof the transmitteryou intend tobuild forham

radio operation and explain the function of each stage in brief.

uExplain theworking function of the antenna you intend to use for ham
radio transmissions.

uDrawtheblockdiagramofasuper-heterodynereceiver.Whatare

superiorities of this type of receiver over the TRF receivers?

u Write short notes on:

Image frequency in a super-heterodyne receiver.

Ionosphere.



u Single Side Band transmission.

u Percentage of modulation.

u Selectivity & sensitivity of receiver.

u Colpitts oscillator.

u Skip distance.

u Differences between ‘fadeout’ and ‘fading’.

uA.G.C.

u B.F.O.

SECTION-B

Rules & Regulations

uWhat is a distressmessage?What actionwould you take if you receive a
distress message?

u Explain the meaning of the following:

QRX 10 minutes, QSY 14.155 MHz, QRU?, QRV, QRL, KN, VA, AS, QSB, QRS.

uDescribetheprocedureofestablishingacontactwithanotheramateur

station using radiotelephony and radiotelegraphy.

u What do you mean by ‘Amateur Radio Service’?

u State whether ‘TRUE’ or ‘FALSE’. Correct the ‘FALSE’ statements.

In India, aGrade-I licenceholder is allowedto use400watts of
power in certainsub-bands.

In India, A Grade-II licence holder can directly use radiotelephony
after getting his licence.

InIndia,hamradiooperatorsareallowedtousethefrequency
band 7000 kHz to 7300 kHz.

In India, an amateur radio operator can handle third party messages.

(e) Amateurradiooperatorsare allowed to use secret
language for communication.

u 4S7VK is a call-sign of USA.

u An amateur radio operator should maintain the secrecy of communication.

uAnamateur radiooperator isallowedtocommunicatewiththe
Military duringemergency.

uAmessage passed on by an amateur radio operator to a third
party by taking money is called ‘QSP’.



Thirdpartymessagescanbehandledbyanamateur radio
operator during a disaster.

uWhataretheamateur radiobandsof frequencies?CanaRestrictedGrade

Licence holder use High Frequencies (HF) for communication?

u What is the condition to get a ‘Voice endorsement’ by a Grade-II licence holder?

Annexure-IV

Nomenclatureof theFrequencyandWavelengthBandsused inRadio
Communication

As per the International Radio Regulations, the radio spectrum is subdivided into nine
frequency bands, which are designated by progressive whole numbers in accordance
with the following table. As the unit of frequency is the hertz (Hz , frequencies shall be
expressed:
u in Kilohertz kHz, upto and including 3000 kHz;
u in megahertz MHz , above MHz, up to and including 3000 MHz;
u in gigahertz GHz, above 3 GHz, up to and including 3000 GHz.

For bands above 3000 GHz, i.e. centimillimetric waves, micrometric waves and
decimicrometric waves, it would be appropriate to use terahertz THz.

However, where adherence to these provisions would introduce serious
difficulties, for example in connection with the notification and registration of
frequencies, the lists of frequencies and related matters, reasonable departures may be
made.

Ban
d

Numbe

r

Symbols Frequency Range
lower limitexclusive,

upper limit inclusive

Corresponding
Metric Subdivision

Metric
Abbreviations

for thebands

4 VLF 3 to 30 kHz Myriametric waves B.Mam
5 LF 30 to 300 kHz Kilometric waves B.km
6 MF 300 to 3000 kHz Hectometric waves B.hm
7 HF 3 to 30 MHz Decametric waves B.dam
8 VHF 30 to300 MHz Metric waves B.m
9 UHF 300 to 3000 MHz Decimetric waves B.dm
10 SHF 3 to 30 GHz Centimetric waves B.cm
11 EHF 30 to 300 GHz Millimetric waves B.mm
12 300 to 3000 GHz Decimillimetric

waves

Note 1:
“BandNumberN”extends from0.3 x10N to 3x10NHz,e.g., BandNo. 7 is theHF (High
Frequency) band ranging from 0.3 x 107 to 3 x 107Hz, i.e. 3000000 Hz (3
MHz) to 30000000 Hz (30 MHz)

Note 2:
Symbols and prefixes: Hz=hertz, k=kilo 103, M=mega 106, G=giga 109, T=tetra 1012
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