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For ewor d

This docunent is sinply a conpilation of the publicly avail abl e question pool

whi ch has been converted into statements and fornatted. The intent was to
retain as much of the original words from the question pool as possible to
| everage familiarization in the learning and nmenory process. M ni mal

additional information is provided to inprove the document for use as a Study
Guide. The 18 ternms and acronyns nost frequently used in the text are:

The author’s hope is that this document night be useful as a resource in
studying for the Element 3, General C ass License Amateur Radi o Exam
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SUBELEMENT GL - COVMM SSI ONES RULES [5 Exam Questions - 5 Groups]

GLA - Ceneral class control operator frequency privileges
A Ceneral Cass license holder is granted all anmateur frequency privil eges
on the follow ng 160, 30, 17, 12, and 10 neters. [97.301(d)]
Phone operation is prohibited on the 30 neter band.[97. 305]
I mage transnission is prohibited on the 30-nmeter band. [97.305]
The 60-meter amateur band restricts conmmuni cation to specific channels,
using only USB voice, and prohibits all other nmodes, including CWand
data. [97.303(s)]
The 7.250 MHz frequency is in the General Cass portion of the 40-neter
band. [97.301(d)]
The 24.940 MHz frequency is in the 12 neter band.[97.301(d)]
The 3900 kHz frequency is within the General class portion of the 75-neter
phone band. [97.301(d)]
The 14305 kHz frequency is within the General class portion of the
20- et er phone band. [97.301(d)]
The 3560kHz frequency is within the General O ass portion of the 80 neter
band. [ 97.301(d)]
The 21300 kHz frequency is within the General C ass portion of the
15-meter band. [97.301(d]
The followi ng frequencies are available to a control operator holding a
CGeneral Cass license [97.301(d)]: 28.020 MHz, 28.350 MHz, and 28.550 MHz.

[All of these answers are correct]

When a General Class licensee is not pernitted to use the entire voice
portion of a particular band, the upper end or portion of the voice

segnent is generally available to them [97.301]

GLA - Primary and secondary al |l ocati ons
NO amat eur band is shared with the Citizens Radio Service.[97.303]
When the FCC rul es designate the amateur service as a secondary user and
anot her service as a primary user on a band, amateur stations are allowed
to use the frequency band only if they do not cause harnful interference
to primary users. [97.303]
When operating on either the 30 or 60 neter bands, if a station in the
primary service interferes with your contact, stop transmitting at once

and/ or nove to a clear frequency.[97.303]
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Amat eur radi o stations, as a secondary service in the 60-nmeter band, nust
not cause harnful interference to stations operating in other radio
services. [97.303(s)]

GlB - Antenna structure limtations
Two hundred (200) feet is the nmaxi mum hei ght above ground to which an
antenna structure may be erected without requiring notification to the FAA
and registration with the FCC, provided it is not at or near a public-use
airport. [97.15(a)]

GLB - Good engi neering and good anateur practice
The FCC requires an amateur station to be operated in conformance with
good engi neering and good amateur practice in all respects, whether
covered or not covered by the Part 97 rules. [97.101(a)]
The FCC determ nes “good engi neeri ng and good amat eur practice” that
applies to operation of an amateur station in all respects not covered by
the Part 97 rules. [97.101(a)]
If an amateur station is causing interference to a broadcast receiver of
good engi neering design, the FCC nay restrict the amateur station
operation to tinmes other than 8 pmto 10:30 pmlocal tinme every day, as
wel | as on Sundays from 10:30 amto 1 pmlocal tinme. [97.121(a)]

GLB - Beacon operation
There nust be no nore than one beacon signal in the sanme band froma
single location. [97.203(h)]
A purpose of a beacon station as identified in the FCC Rules is
observati on of propagation and reception, or other related activities.
[97.1(a) (9)]
The power limt for beacon stations is 100 watts PEP output. [97.203(c)]

GlB - Retransmitting radio signals

Musi c may be transnmitted by an amateur station when it is an incidenta

part of a space shuttle or |ISS retransm ssion. [97.113(a)(4),(e)]
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GlB - Restricted operation

The use of abbreviations or procedural signals in the amateur service is
somewhat restricted but they may be used if they do not obscure the
meani ng of a nessage. [97.113(a)(4)]
An amateur station is permitted to transmt secret codes to control a
space station. [97.113(a)(4) and 97.207(f)]
These are prohibited by the FCC Rul es for amateur radio stations:

o Transmi ssion of rmusic as the primary program material during a

cont act

0o The use of obscene or indecent words

o Transmi ssion of false or deceptive nessages or signals

[All of these answers are correct] [97.113(a)(4), 97.113(e)]
An amat eur station may transmit conmunications in which the |icensee or
control operator has a pecuniary (nonetary) interest only when ot her
amateurs are being notified of the sale of apparatus normally used in an
amat eur station and such activity is not done on a regul ar basis.
[97.113(a)(3)]
In order for an amateur station to provide news information to the nmedia
during a disaster, the information nmust directly relate to the i medi ate
safety of human life or protection of property and there is no other neans
of communi cati on available. [97.113(b)]

GLC - Transmitter power regul ations
The maxi mumtransnitti ng power an amateur station may use on 10.140 MHz is
200 watts PEP output. [97.313(c)(1)]
The maxi mumtransnitting power an anateur station may use on the 12 neter
band is 1500 watts PEP output. [97.313(a),(b)]
The maxi mumtransnitting power a General class |licensee may use when
operating between 7025 and 7125 kHz is 1500 watts PEP output. [97.313]
Q her than the 1500 watt PEP limt on transmtter power in the 14 MHz band
only the m ni rum power necessary to carry out the desired conmunications
is the restriction. [97.313]

Aut hors Note: The rule to use the m ni num power necessary to carry out

t he desired communi cations shoul d be considered sacred. The smart person
does not shout at a friend in order to conmunicate face-to-face and the
same shoul d al ways be true when you set your power |evel and nicrophone
gain controls. |If one watt will do, you do not need that 1500-watt

anplifier. Switch it off!
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The maxi mumtransnitting power a station with a General C ass contro
operator may use on the 28 MHz band is 1500 watts PEP output. [97.313]
The maxi mumtransnitti ng power an amateur station may use on 1825 kHz is
1500 watts PEP output. [97.313(b)]

Transm ssions nust not exceed an effective radi ated power of 50 Watts PEP
referred to a dipole antenna when a station is transnitting on the 60
neter band. [97.303(s)]

GLC - HF data eni ssion standards
The maxi mum synbol rate pernitted for RTTY em ssions transmtted on
frequency bands below 28 MHz is 300 baud. [97.305(c) and 97.307(f)(3)]
The maxi mum synbol rate pernmitted for RTTY or data em ssion transm ssions
on the 10-neter band is 1200 baud. [97.305(c) and 97.307(f)(4)]
The maxi mum synbol rate pernmitted for RTTY or data em ssion transm ssions
on the 6 and 2 neter bands 19.6 kil obaud. [97.305(c) and 97.307(f)(5)]
The maxi mum synbol rate permtted for packet em ssion transn ssions on the
2-meter band 19.6 kilobaud. [97.305(c) and 97.307(f)(5)]
The maxi mum aut hori zed bandwi dth for RTTY, data or nultipl exed em ssions
using an unspecified digital code transnitted on the 6 and 2-neter bands
is 20 kHz. [97.305(c) and 97.307(f)(5)]
The maxi mum bandwi dth permtted by FCC rules for amateur radi o stations
when operating on USB frequencies in the 60-neter band is 2.8 kHz.
[97.303s]

GlD - Vol unteer Exam ners and Vol unt eer Exami ner Coordinators
The |icense exam nation that you may adm ni ster when you are an accredited
VE hol ding a General C ass operator license is the Technician, El enent 2.
[97.509(b)(3)(i)]
At Least three VEC-accredited General Cass or higher VEs nust be present
when admi ni stering a Technician Cl ass operator exani nation. [97.509(a)(b)]
A FCC General Class or higher license and VEC accreditation is sufficient
for you to be an adm nistering VE for a Technician Cl ass operator |icense
exam nation. [97.509(b)(3)(i)]
The adm nistering VEs are responsible at a Vol unteer Exam Session for
determ ning the correctness of the answers on the exam [97.509(h)]
A CSCE docunent nust be issued to a person that passes an exam el ement.
[97.509(i)]
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A Certificate of Successful Conpletion of Exam nation (CSCE) is valid for
exam el enment credit for 365 days. [97.3(a)(15)]

The m ni mum age that one must be to qualify as an accredited Vol unteer
Examiner is 18 years old. [97.509(b)(2)]

For a non-U.S. citizen to be an accredited Vol unteer Exam ner the person
must hold a U S. amateur radio |icense of General class or above.
[97.509 (b)(3)]

Vol unt eer Examiners are accredited by a Vol unteer Exanmi ner Coordi nator
[97.509(b) (1)]

You may participate as a VE in adm nistering an amateur radi o |license
exam nation after you have been granted a General class |license and have
recei ved your VEC accreditation. [97.509]

GLD - Temnporary ldentification
You may operate on any General C ass band segnent if you are a Technician
Cl ass operator and have a CSCE for Ceneral C ass privileges. [97.9(b)]
You nust add the special identifier "AG' after your call sign if you are a
Technici an C ass |icensee and have a CSCE for General C ass operator
privil eges whenever you operate using CGeneral class frequency privil eges.
[97.119(f)(2)]
The proper way to identify when transmtting on General class frequencies
if you have a CSCE for the required el enents but your upgrade from
Techni ci an has not appeared in the ULS database is by giving your cal
sign followed by the words "tenporary AG'. [97.119(f)(2)]

GLE - Control categories; |TU regions

GLE - Repeater regul ations
A 10-neter repeater may retransmt the 2-nmeter signal froma station
havi ng a Technician C ass control operator only if the 10-nmeter contro
operator holds at |east a General class license. [97.205(a)]
A Repeater Station is an amateur station that simultaneously retransmts
the signals of other stations on another channel. [97.3(a)(39)]
The Iicensee of the non-coordi nated repeater has primary responsibility to
resolve the interference in the event of interference between a

coordi nated repeater and an uncoordi nated repeater. [97.205(c)]
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GlE - Harnful interference
Each of the follow ng conditions require an amateur radi o station to take
specific steps to avoid harnful interference to other users or facilities:
When operating within one mle of an FCC Monitoring Station
When using a band where the amateur service is secondary
When a station is transmtting spread spectrum eni ssions
[AI'l of these answers are correct] [97.13(b),97.311(b), 97.303]

GLE - Third party rules
If the third party were a person previously licensed in the amateur
servi ce whose |icense had been revoked, it would disqualify the third
party fromparticipating in stating a nmessage over an anateur station
[97.115(b) (2)]
Only messages relating to amateur radio or remarks of a persona
character, or nessages relating to emergencies or disaster relief for a
third party in another country nmay be transnitted by an amateur station
[97.115(a)(2), 97.117]
Except for messages directly invol ving emergencies or disaster relief
conmuni cations, third-party traffic is prohibited with any country other
than the United States unless there is a third-party agreenent in effect
with that country. [97.115(a)(2)]
For a non-licensed person to comunicate with a foreign amateur radio
station froma US amateur station at which a |icensed control operator is
present, the foreign amateur station nmust be in a country with which the
United States has a third party agreement. [97.115(a)(b)]
An exanpl e of permissible third party comruni cati on during routine anateur
radi o operations is sending a nmessage to a third party through a foreign
station, as long as that person is a licensed amateur radi o operator
[97.115(a)(2)]
English is the | anguage you nust use when identifying your station if you
are using a | anguage other than English in naking a contact.
[97.119(b) (2)]
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SUBELEMENT &2 - OPERATI NG PROCEDURES [ 6 Exam Questions - 6 G oups]

&A - Phone operating procedures; Procedural signals; Breaking into a @O in
progr ess
The expression "CQ DX' usually indicates the caller is |ooking for any
station outside his or her own country.
The recomended way to break into a conversation when using phone is to
say your call sign during a break between transm ssions fromthe other

stations.

&2A - USB/LSB utilization conventions
Si ngl e- Si deband (SSB) node of voice comunication is nmost commonly used on
t he Hi gh Frequency Amateur bands.
Si ngl e sideband (SSB) voice nobde is a form of anplitude nodul ation in
whi ch one sideband and the carrier are suppressed.
In single sideband (SSB) voice node, only one sideband is transmtted.
The ot her sideband and carrier are suppressed in single sideband (SSB)
voi ce node.
Less bandwi dth, used and hi gh power efficiency is an advantage when using
singl e sideband as conmpared to other voice nbdes on the HF amat eur bands.
Upper Sideband is nbst comonly used for phone comruni cations on the bands
above 20 neters.
Lower Sideband is comonly used on the 160, 75, and 40-neter bands.
Upper Sideband is comonly used in the VHF and UHF bands.
Upper Si deband node is nbst comonly used for voice comruni cations on the
17 and 12-neter bands.
Most amat eur stations use | ower sideband on the 160, 75 and 40-neter bands
because it is the current amateur practice to use |ower sideband on these

frequency bands.

@A - VOX operation
VOX al | ows "hands free" operation

The foll owi ng user adjustable controls are usually associated with VOX

circuitry:
0o Anti-VOX
o VOX Del ay

o0 VOX Sensitivity

[Al'l of these choices are correct]
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@B - Operating courtesy
If the frequency on which a net normally nmeets is in use just before the
net begins, the proper course of action that should be taken is to ask the
stations if the net may use the frequency, or nmove the net to a nearby
clear frequency if necessary.
If a net is about to begin on a frequency you and anot her station are
using, nove to a different frequency as a courtesy to the net.
Move your contact to another frequency if you notice increasing
interference fromother activity on a frequency you are using.
The m ni mum frequency separati on between CWsignals to mnimnze
interference is 150 to 500 Hz.
The m ni mum frequency separation between SSB signals to nminimze
interference is approximtely 3 kHz.
The m ni mum frequency separation between 170 Hz shift RTTY signals to
mnimze interference is 250 to 500 Hz.
A practical way to avoid harnful interference when selecting a frequency
to call CQ using phone is to ask if the frequency is in use, say your
callsign, and listen for a response.
A practical way to avoid harnful interference when calling CQ using Mrse
code or CWis by sending "QRL? de" followed by your callsign and |isten
for a response.

&B - Band pl ans
A band plan is a voluntary guideline for band use beyond the divisions
est abl i shed by the FCC.
The “DX wi ndow’ in a voluntary band plan is a portion of the band that
shoul d not be used for contacts between stations within the 48 conti guous
United States.
VWhen choosing a frequency for Sl ow Scan TV (SSTV) operation, you shoul d
foll ow general |y accepted band plans for SSTV operation in order to conply
wi th good anmateur practice when choosing a frequency for Sl ow Scan TV
(SSTV) operation.
VWhen choosing a frequency for radio-tel etype (RTTY) operation, you should
foll ow generally accepted band plans for RTTY operation in order to conply
wi th good anmateur practice
When choosing a frequency for HF PSK operation, you should follow
generally accepted band plans for PSK operation in order to conply with

good amat eur practi ce.
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&C - Energencies, including drills and enmergency conmunications

VWhen nornmal communi cati ons systens are not avail able, an amateur station
may use any means of radi oconmmunication at its disposal to provide
essential communi cati ons when there is an i mediate threat to the safety
of human life or the protection of property. [97.403]

Only a person holding an FCC i ssued amat eur operator |license may be the
control operator of an amateur station transmitting in RACES to assi st
relief operations during a disaster. [97.407(a)]

When the President’s War Energency Powers have been invoked, the FCC may
restrict normal frequency operations of amateur stations participating in
RACES. [97.407(b)]

An amat eur station is NEVER prevented fromusing any neans at its di sposa
to assist another station in distress. [97.405(b)]

A control operator would be making an unidentified transm ssion when
transmtting out of the amateur band without station identification during
a life-threatening energency. [97.403]

Any frequency authorized to the control operator may be used by an anateur
station to obtain assistance when in distress. [97.405(a)]

The first thing you should do if you are conmunicating with anot her

amat eur station and hear a station in distress break in is to acknow edge
the station in distress and determ ne what assistance may be needed.

You are never prohibited fromhel ping any station in distress. [97.405(b)]
An amat eur station may make transm ssions necessary to neet essentia
conmuni cati ons needs and to facilitate relief actions during a disaster
[97.111(a)(2)]

Any and/or all em ssion nbdes may be used to obtain assistance during a

di saster.

The | ocation and nature of the energency should be given to a station
answering a distress transmni ssion

What ever frequency has the best chance of comrunicating the distress
nessage should be used to send a distress call

@D - Mnimzing Interference

A unidirectional antenna HF antenna woul d be the best to use for
m nimzing interference.
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@D - Amateur auxiliary
The Amateur Auxiliary to the FCC are amateur volunteers who are formally
enlisted to nonitor the airwaves for rules violations.
The objectives of the Amateur Auxiliary are to encourage amateur self-
regul ati on and conpliance with the rules.
Direction-finding skills used to |locate stations violating FCC Rul es,
| earned during “Fox Hunts”, are of help to the Amateur Auxiliary.

@D - HF operations
An azimuthal projection nmap is a world nap projection centered on a
particul ar | ocation
An Azi mut hal projection type of nmap is the nost useful when orienting a
directional HF antenna toward a distant station
A directional antenna is pointed 180 degrees fromits short-path headi ng
when nmaking a “long-path” contact with another station
Many anmat eurs keep a | og even though the FCC does not require it to help
with a reply if the FCC requests information on who was control operator
of your station at a given date and tine.
The following information is traditionally contained in a station |og:
o Date and tine of contact
o Band and/or frequency of the contact
o Call sign of station contacted and the signal report given
[Al'l of these choices are correct]
QRP operation is | ow power transmit operation, typically about 5 watts or
| ess.
A licensee nust retain antenna gain cal cul ations or manufacturer@s data
for antennas used on 60 neters as part of their station records. [97.103b]
If you are using other than a di pole antenna, you nust keep a record of
t he gain of your antenna when operating in the 60-meter band as required
by the FCC rules. [97.303s]

@QE - Digital operating: comopn abbreviations
The abbreviation "RTTY" stands for Radi o-Tel etype.
The abbreviation "MSK" stands for Multi (or Miltiple) Frequency Shift
Keyi ng.
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QE - Digital operating: procedures; procedural signals
Lower - si deband (LSB) node shoul d be sel ected when using a SSB transm tter
with an Audi o Frequency Shift Keying (AFSK) RTTY signal
The nunber of data bits sent in a single PSK31 character varies.
The Header part of a data packet contains the routing and handling
i nformation.
The 14.070 - 14.100 MHz portion of the 20-nmeter band segnents i s nost
often used for npbst data transm ssions.
Baudot RTTY may be described as a 5-bit code, with additional start and
stop bits.
The nost common frequency shift for RTTY emi ssions in the amateur HF bands
is 170 Hz.
The 3570 — 3600 kHz segment of the 80-neter band is nost commonly used for
data transni ssions.
PSK signals are generally found on the 20-neter band around 14.070 MHz.
A maj or advantage of M-SK16 conpared to other digital nodes is that it
of fers good performance in weak signal environnent w thout error

correction.

@&F - CWoperating procedures and procedural signals
The speed at which the CQ was sent is the best speed to use answering a CQ
in Mrse Code
The term “zero beat” means matching the frequency of the transmitting

station in CWoperation.

@&F - Q signals and comon abbreviations
If a CWstation sends "QRS" when using Mirse code, you should send sl ower.
The Q signal "QSL" neans, | acknow edge receipt, when operating CW
The Q signal "QRQ' neans, Send faster, when operating CW
The Q signal “QRV" neans, | amready to recei ve nessages, when operating
cw
The prosign, AR, is sent using CWto indicate the end of a formal nessage.
VWhen a CWoperator sends "KN' at the end of a transmission is neans
listening only for a specific station or stations.
When a CWoperator sends "CL" at the end of a transmi ssion is neans
Cl osing station.
When sending CW a “C’ nmeans a chirpy or unstable signal when added to the
RST report.
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@&F - Full break in
Ful | break-in tel egraphy (Q@K) occurs when inconing signals are received

between transnmtted code character el enents.
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SUBELEMENT G3 - RADI O WAVE PROPAGATI ON [ 3 Exam Questions - 3 G oups]

@&3A - Sunspots and sol ar radiation
It takes approxinmately 8 minutes for increased ultraviolet and X-ray
radi ation fromsolar flares to affect radi o-wave propagation on the Earth.
The sunspot nunber is a neasure of solar activity based on counting
sunspots and sunspot groups.

The typi cal sunspot cycle is approximately 11 years |ong.

G&3A - lonospheric disturbances
An amat eur station can try a higher frequency to continue comruni cations
during a sudden ionospheric disturbance.
A Sudden | onospheric Di sturbance (SID) disrupts signals on | ower
frequenci es nore than those on higher frequencies affecting the daytine
i onospheric propagation of HF radi o waves.
Geomagnetic disturbance is a significant change in the Earth@ nmgnetic
field over a short period.
Latitudes, greater than 45 degrees North or South Iatitude, have
propagati on paths that are nore sensitive to geomagnetic disturbances.
An effect of a geomagnetic stormon radi o-wave propagation can be degraded
hi gh-l ati tude HF propagation
HF radi o conmuni cati ons are disturbed by the charged particles that reach
the Earth from sol ar coronal holes.
It takes charged particles from Coronal Mass Ejections about 20 to 40

hours to affect radi o-wave propagation on the Earth.

&3A - Propagation forecasting and i ndices

The solar flux index is a measure of the radio energy emtted by the sun.
The solar-flux index is a neasure of solar activity at 10.7 cm

Long-di stance comruni cation in the upper HF and | ower VHF range is
enhanced when radi o comuni cati ons when sunspot nunbers are high

The K-index is a neasure of the short-termstability of the Earth's
magnetic field.

The A-index is an indicator of the long-termstability of the Earth's
geonmagnetic field.

At any point in the solar cycle, the 20-nmeter band usually supports

wor | dwi de propagati on during daylight hours.
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If the HF radi o-wave propagation (skip) is generally good on the 24- Mz
and 28- Mz bands for several days, you might expect a simlar condition to
occur 28 days later.

Frequenci es above 20 Mz are the least reliable for |ong distance
conmuni cati ons during periods of |ow solar activity.

A possi ble benefit to radio conmmunications resulting from periods of high
geomagnetic activity is Aurora that can reflect VHF signals.

@&3B - Maxi mum Usabl e Frequency

MJF stands for the Maxi mum Usabl e Frequency for conmunicati ons between two
poi nts.
The 15-meter band should offer the best chance for a successful contact if
t he maxi mum usabl e frequency (MJF) between the two stations is 22 Miz.
The 20-rmeter band should offer the best chance for a successful contact if
t he maxi mum usabl e frequency (MJF) between the two stations is 16 Miz.
For | owest attenuation when transmtting on HF, select a frequency just
bel ow t he MJF.
Areliable way to determine if the maxi num usable frequency (MJF) is high
enough to support 28-MHz propagation between your station and Western
Europe is to listen for signals on a 28 MHz international beacon
Radi o waves with frequenci es bel ow t he naxi mum usabl e frequency (MJF) are
usual |y bent back to the Earth after they are sent into the ionosphere.
The factors that affect the maxi num usable frequency (MJF) are:

o Path distance and | ocation

o Time of day and season

o Solar radiation and ionospheric disturbance

[Al'l of these choices are correct]

&3B - Lowest Usabl e Frequency
LUF stands for the Lowest Usable Frequency for conmunications between two
poi nt s.
Radi o waves with frequenci es bel ow the | owest usable frequency (LUF) are
usual |y conpl etely absorbed by the ionosphere
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&3B - Propagation "hops"
The maxi mum di stance along the Earth@ surface that is nornmally covered in
one hop using the F2 region is 2,500 ml es.
The maxi mum di stance al ong the Earth@s surface that is nornmally covered in
one hop using the Eregionis 1,200 mles.
When the | owest usable frequency (LUF) exceeds the maxi num usabl e
frequency (MJF), no HF radio frequency will support conmunications over
t he path.
A sky-wave signal will sound like a well-defined echo when it arrives at
your receiver by both short path and | ong path propagation
Short hop sky-wave propagation on the 10-neter band is a good indicator of
the possibility of sky-wave propagati on on the 6-neter band.

@&3C - lonospheric |ayers
The D | ayer of the ionosphere is closest to the surface of the Earth.
The ionospheric D layer is the nost absorbent of |ong skip signals during
dayl i ght hours on frequenci es bel ow 10 Miz.
The F2 region be expected to reach its maxi mum hei ght at your |ocation at
noon during the sunmer
The F2 region is mainly responsible for the |ongest distance radi o wave
propagati on because it is the highest ionospheric region
| onospheric Absorption will be mni mum near the maxi mum usabl e frequency
( MJF) .

&GC - Critical angle and frequency
The term“critical angle” means the highest takeoff angle that will return
a radio wave to the Earth under specific ionospheric conditions.

@&3C - Near Vertical Incidence Sky waves
Near Vertical |ncidence Sky-wave (NVIS), propagation is short distance HF
propagati on using high el evati on angl es.
A horizontal dipole antenna placed between 1/8 and 1/4 wavel engt h above
the ground will be nost effective for skip comruni cations on 40 neters

during the day.
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@&3C - HF scatter
Long di stance commruni cati on on the 40, 60, 80 and 160-neter bands are nore
difficult during the day because the D | ayer absorbs these frequencies
during daylight hours.
A characteristic of HF scatter signals is that they have a waveri ng sound
HF scatter signals often sound distorted because energy is scattered into
the skip zone through several radi o wave paths.
The HF scatter signals in the skip zone are usually weak because only a
smal | part of the signal energy is scattered into the skip zone.
Scatter radio wave propagation allows a signal to be detected at a
di stance too far for ground wave propagation but too near for nornal sky
wave propagation.
An indication that signals heard on the HF bands are being received via
scatter propagation can be when the signal is heard on a frequency above

t he maxi mum usabl e frequency.
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&4 - AMATEUR RADI O PRACTICES [5 Questions - 5 groups]

4AA - Two-tone Test
An oscill oscope may be used to neasure the output of a single-sideband
transmtter when performng a two-tone test of anplitude linearity.
Transmitter linearity performance is analyzed by a two-tone test.
Two non-harnonically related audio signals are used to conduct a two-tone
test.

HAA - Anplifier tuning and neutralization
A pronounced dip on the plate current neter reading of a vacuumtube RF
power anplifier indicates correct adjustnent of the plate tuning control
The correct adjustment for the "Load" or "Coupling"” control of a vacuum
tube RF power amplifier is maxi mum power output w thout exceedi ng maxi mum
al | owabl e plate current.
A technique called, Negative feedback, is used to neutralize an RF
amplifier.
A neutralizing circuit cancels the effects of positive feedback in an RF
amplifier.
The reason for neutralizing the final anmplifier stage of a transmtter is
to elimnate self-oscillations.

(AA - Digital Signal Processing (DSP)

One use for a DSP in an amateur station is to renmove noise fromreceived
si gnal s.
The following is needed for a DSP IF filter:

0 An Analog to Digital Converter

o Digital to Anal og Converter

o A Digital Processor Chip

[Al'l of the these answers are correct]
An advantage of a receiver IF filter created with a DSP as conpared to an
analog filter is a wide range of filter bandw dths and shapes can be
created.
DSP filtering is acconplished by converting the signal fromanalog to
digital and using digital processing.

A DSP filter perforns automatic notching of interfering carriers.
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&AB - Test and nonitoring equi pment
A signal tracer nay normally be used to identify an inoperative stage in a
receiver.
One neasurenment that can be made with a dip nmeter is the resonant
frequency of a circuit.
An antenna and feedline nust be connected to an antenna anal yzer when it
is being used for SWR neasurenents.
St andi ng Wave Ratio can be measured with a directional wattneter.
The power output of a transmitter rmust be rai sed approxinmately 4 tines
(~4X) to change the "S" neter reading on a distant receiver fromS8 to S9.
Gsci |l | oscope
An oscill oscope has horizontal and vertical channel anplifiers.
A rmonitoring oscilloscope is the best instrument to use to check the
keyi ng waveform of a CWtransmtter
The signal connected to the vertical input of a nonitoring oscill oscope
when checking the quality of a transmitted signal is the attenuated RF
out put of the transmtter
An advant age of an oscilloscope versus a digital voltneter is that conplex
wavef orms can be measur ed.
Vol t net er
An advantage of a digital voltnmeter as conpared to an analog voltneter is
significantly better precision for nbst uses.
Hi gh i nput inpedance is desirable for a voltneter to decrease the | oading
on circuits being measured.
Noi se Bri dge
A noise bridge is normally connected between a receiver and an antenna of
unknown i mpedance and is adjusted for m ni mum noi se.
One way a noi se bridge mght be used is for pre-tuning an antenna tuner
Field Strength Meter
A field-strength neter may be used to nonitor relative RF output when
maki ng antenna and transmtter adjustnments.
The radi ati on pattern of an antenna can be determined with a field
strength neter.

A use of a field strength neter night be close-in radio direction-finding.
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GAC - Interference with consunmer el ectronics
A bypass capacitor mght be useful in reducing RF interference to
audi o-frequency devi ces.
An RFI filter at the affected tel ephone should be installed if a properly
operating amateur station is interfering with a nearby tel ephone.
Distorted speech is heard froma public-address systemif there is
interference froma nearby single-sideband phone transmtter
On-and-of f humming or clicking is the effect on a public-address systemif
there is interference fromnearby CWtransmtter
A reason to place ferrite beads around audio cables to reduce common node
RF interference is they act as a series inductor
I nduced currents in conductors that are in poor electrical contact can
cause unintended rectification of RF signal energy and can result in
interference to your station as well as nearby radio and TV receivers.
Arcing at a poor electrical connection is one cause of broadband radio
frequency interference at an amateur radio station

AC - Gounding
If you receive an RF burn when touching your equipnent while transnmitting
on a HF band, assum ng the equiprment is connected to a ground rod, the
probl em m ght be that the ground wire is resonant.
| mportant reasons to have a good station ground are:
o To reduce the likelihood of RF burns
0 To reduce the likelihood of electrical shock
o To reduce interference
[Al'l of these answers are correct]
Keepi ng the station@ ground wire as short as possible is one good way to
avoid stray RF energy in an amateur station.
RF hot spots can occur in a station |ocated above the ground floor if the
equi pment i s grounded by a long ground wre.
El ectrical safety inside the ham shack is covered in the Nationa
El ectrical Code.
A ground | oop can be avoided by connecting all ground conductors to a

singl e point.
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&AD - Speech processors

The reason for using a properly adjusted speech processor with a single
si deband phone transmitter is it inmproves signal intelligibility at the
receiver.
A speech processor increases the average power of a transmitted single
si deband si gnal
Each of the followi ng can be the result of an incorrectly adjusted speech
processor:

o Distorted speech

o Splatter

0 Excessive background pickup

[Al'l of these answers are correct]

AD - S neters
An S-neter neasures the received signal strength.
Assuming a properly calibrated S nmeter, an S-neter reading of 20 db over
S-9 is 100 tinmes stronger than an S-9 signal

An S-neter is generally found in a receiver.

&AD - Commpn connectors
A Type-N connector is a noisture resistant RF connector useful to 10 GHz.
A DB-9 type connector would be a good choice for a serial data port.
An UHF type connector is comonly used for RF service at frequencies up to
150 MHz.
An RCA Phono type connector is comonly used for audio signals in amateur
radi o stations.
The main reason to use keyed connectors over non-keyed types is reduced

chance of danage due to incorrect mating.

AE - HF mobile radio installations

Al of the follow ng em ssion types are pernissible while operating HF

nobi | e:
o CwW
o SSB
o FM

[Al'l of these choices are correct]
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An alternator whine is a tone or buzz in transmtted or received audio
that varies with engi ne speed.

A direct, fused connection to the battery using heavy gauge wire,
connection woul d be the best for a 100-watt HF nobile installation

It is NOT best to draw the DC power for a 100-watt HF transceiver from an
aut onobi | e€Cs cigarette |ighter socket because the socket© wring may be

i nadequate for the current being drawn by the transceiver.

The HF mobile antenna systemnmost linmits the effectiveness of an HF nobile

transcei ver operating in the 75-neter band.

(AE - Energency and battery powered operation
For an enmergency generator installation, the generator should be |ocated
inawll ventilated area
A l ead-acid storage battery mght give off explosive hydrogen gas when
bei ng charged.
Phot ovol tai c conversion is the nane of the process by which sunlight is
changed directly into electricity.
The approxi mate open-circuit voltage froma nodern, well illuninated
photovoltaic cell is 0.5 VDC
Doped Silicon material is used as the active elenent of a solar cell
A di sadvantage to using wi nd power as the prinary source of power for an
enmergency station is a large energy storage systemis needed to supply
power when the wind is not blow ng.
Danger of carbon nmonoxi de poisoning is a primary reason for not placing a
gasol i ne-fuel ed generator inside an occupied area.
It may unwi se to power your station by back feeding the output of a
gasol i ne generator into your house wiring by connecting the generator
t hrough an AC wall outlet because it mght present a hazard for electric
conpany wor kers.

Aut hors note: This assunmes you didn't properly install an effective

di sconnect that separates your electrical systemfromthe power

conmpany’s el ectrical system
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SUBELEMENT G5 — ELECTRI CAL PRI NClI PLES [ 3 exam questions — 3 groups]

GbA — Resi stance; Reactance
React ance is opposition to the flow of alternating current caused by
capaci tance or inductance.
React ance causes opposition to the flow of alternating current in an
i nduct or.
React ance causes opposition to the flow of alternating current in a
capaci tor.

The Chmis the unit used to nmeasure reactance.

G5A — I nductance
A coil reacts to AC such that as the frequency of the applied AC
i ncreases, the reactance increases. [Directly proportional]
X, = 2% *F*L

I nductive Reactance= 2 * Pl * Frequency * |nductance

GbA — Capacitance
A capacitor reacts to AC such that as the frequency of the applied AC
i ncreases, the reactance decreases. [lnversely proportional]
Xe= 1
2% *F*C
Capacitive Reactance=1 divided by (2 * Pl * Frequency * Capacitance)

GbA - | npedance
| npedance is the opposition to the flow of current in an AC circuit.
VWhen the i nmpedance of an electrical load is equal to the interna
i npedance of the power source the source can deliver maxi num power to the
| oad.

The Ohmis the unit used to measure inpedance.

G5A — | npedance mat chi ng

| npedance matching is inmportant so the source can deliver naximm power to

the load. One reason to use an i npedance matching transforner is to

maxi m ze the transfer of power.

Core saturation of a conventional inpedance matching transforner should be

avoi ded because Harnponics and distortion could result.
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One reason to use an inpedance matching transfornmer is to maxinze the
transfer of power.
Al of the follow ng devices can be used for inmpedance matching at radio
frequenci es:

o A transformer

0o A Pi-network

o Alength of transmission |ine

[Al'l of these choices are correct]
One net hod of inpedance matching between two AC circuits is to insert an

LC network between the two circuits.

G5B - The Deci bel
A two-tines increase or decrease in power results in a change of 3 dB
A percentage of 20.5% power |loss would result froma transm ssion |ine
loss of 1 dB

GbB - Current and voltage dividers
The total current equals the sumof the currents through each branch of a

parallel circuit.

GbB - Electrical power calcul ations
There are 200 watts of electrical power are used if 400 VDCis supplied to

an 800-ohm | oad.

P=FE/R P = 4007%/ 800 P = 160000/ 800 P = 200 watts

There are 2.4 watts of electrical power are used by a 12-VDC |ight bulb

that draws 0.2 anperes.

P=I*E P=0.2*12 P = 2.4 watts

Approximately 61 milliwatts are being dissipated when a current of
7.0 mllianmperes flows through 1.25 kil ohns.

P=1%>R P = .0072* 1250 P=261 mMNor 0.061 watts

The voltage across a 50- ohm dunmy | oad di ssipating 1200 watts woul d be
245 vol ts.

P=I*E and E=I *R therefore E=SQRT(P*R)
E=SQRT(P*R) E = (1200*50) E = 60000 E = 245 volts
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GbB - Sine wave root-nean-square (RVS) val ues
The RMS val ue neasurement of an AC signal is equivalent to a DC voltage of
t he sane val ue.
If you conbined two or nore sine wave vol tages, the RVS vol tage woul d be
the square root of the average of the sum of the squares of each voltage
wavef orm
The RMS vol tage of sine wave with a value of 17 volts peak is
12 volts RMS.

1.0 volt peak == 0.707071 volts RMS
O
1.0 volt RVMS == 1.414 volts peak

Vime = Vp * 1.414 Vims = 17 * 0.707071 = 12 volts RMS

G5B - PEP cal cul ations
The peak-to-peak (PEP) output power froma transmtter is 100 watts if an
osci | | oscope neasures 200 volts peak-to-peak across a 50-ohm dummy | oad

connected to the transmtter output. Root Mean Square (RVB)

2.0 volts peak-to-peak == 1.0 volt peak == 0.707071 volts RVS
200 volts peak-to-peak == 100 volts peak == 70.7071 volts RMS

P=FE/R P = 70.7071%/ 50 P = 4999.5/50 P = 100 watts

The peak-to-peak voltage of a sine wave that has an RMVMS voltage of 120

volts is 339.4 volts.

2.0 volts peak-to-peak == 1.0 volt peak == 0.707071 volts RVS
O
1.0 volt RVMS == 1.414 volts peak == 2.828 volts peak-to-peak

Vo-p = Vins * 2. 828 Vp.p = 120 *2.828 = 339.4 volts p-p

The rati o of peak envel ope power to average power for an unnodul ated
carrier is 1.00.

The output PEP froma transmitter if an oscill oscope neasures 500 volts
peak-t o- peak across a 50-ohmresistor connected to the transnitter output

is 625 watts.

2.0 volts peak-to-peak == 1.0 volt peak == 0.707071 volts RVS
500 volts peak to peak = 176.77 volts RVS

P=FE/R P = 176.77%/ 50 P = 31247/50 P = 625 watts
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If an average reading wattneter connected to the transmtter output
i ndi cates 1060 watts the output PEP of an unnobdul ated carrier is

1060 watts.
GbC — Transfornmers

Mut ual inductance causes a voltage to appear across the secondary w nding
of a transformer when an AC voltage source is connected across its primary
wi ndi ng.

The source of energy is nornmally connected to the primary winding in a

transf or mer.
The current in the prinmary winding of a transforner if no load is attached

to the secondary is called the Magnetizing current.
The voltage across a 500-turn secondary winding in a transforner is 26.7
volts if the 2250-turn primary is connected to 120 VAC.

Vori mary # of turns of primary

........ R Vs = Vp * Ns / Np

Vsecondary # of turns in secondary

Vg = 120 * 500 / 2250 = 26.7 volts

The turns ratio of a transformer used to match an audio anplifier having a
600- ohm out put i npedance to a speaker having a 4-ohminpedance is

12.2 to 1.

Np / Ns = SQRT( Zp / Zs ) = SQRT (600/4) = SQRT (150) = 12.2
Therefore Np / Ns = 12.2 to 1

GbC — Resistors in series
To increase the circuit resistance a resistor should be added in series in

acircuit. Roa = R+ R2+ R3+...

G5C — Resistors in parallel

The total resistance of three 100-ohmresistors in i
parallel is 33.3 ohns. R = 5 &
Rt=1 /((1/100)+(1/100)+(1/100)) =1/ 0.03 = 33.3 ohns E:_ET_Ef -

27 of 45



The total resistance of a 10 ohm a 20 ohm and a 50 ohmresistor in
parallel is 5.9 ohns.
Rt=1 /((1/10)+(1/20)+(1/50)) =1/ 0.17 = 5.9 ohns

The val ue of each resistor is 150 ohns if three equal value resistors in
paral | el produce 50 ohms of resistance, and the sane three resistors in
series produce 450 ohms.
Rt = 150+150+150 = 450 ohns
Rt =1 /((1/150)+(1/150)+(1/150)) =1/ 0.02 = 50 ohns

G5C — Capacitors in series
The capacitance of three 100 m crofarad capacitors connected in series is
33.3 microfarads.
& =1/((1/100)+(1/100)+(1/100)) =1/ 0.03 = 33.3 nicrofarads

The capacitance of a 20 microfarad capacitor in series with a 50
m crof arad capacitor is 14.3 mcrof arads.
& =1/((1/20)+(2/50)) =1/ 0.07 = 14.3 microfarads

G5C - Capacitors in paralle
To increase the circuit capacitance a capacitor should be added in
parallel in a circuit. Gy =CL +C + C3 + ..
The equi val ent capacitance of two 5000 picofarad capacitors and one 750
pi cof arad capacitor connected in parallel is 10750 picofarads.
Cotaa = C1L + C + C3 = 5000+5000+750 = 10750 pi cof ar ads

G5C - Inductors in series
To increase the circuit inductance an inductor should be added in series
inacircuit. Ligtay = L1 + L2 + L3 + ...
The inductance of a 20 mllihenry inductor in series with a 50 mllihenry
i nductor is 70 mllihenrys.
Liotas = L1 + L2 = 20+50 = 70 nmillihenrys

GC - Inductors in paralle
The inductance of three 10 mllihenry inductors connected in parallel is
3.3 mllihenrys.
Lt =1 /((1/10)+(1/10)+(1/10)) =1/ 0.3 = 3.3 nilihenrys
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SUBELEMENT G6 — CIRCU T COVPONENTS [ 3 exam question — 3 groups]

GBA — Resistors
If the tenmperature of a carbon resistor is increased, the resistance wl|l
change depending on the resistor@ tenperature coefficient rating.
The main di sadvantage of using a conventional wire-wund resistor in a
resonant circuit is the resistor@ inductance could detune the circuit.
A thermstor is a device having a controlled change in resistance with

tenmperature variations.

GBA — Capacitors
An El ectrolytic type of capacitor is often used in power-supply circuits
to filter the rectified AC
The primary advantage of ceram c capacitors is the conparatively |ow cost.
An advant age of an electrolytic capacitor is the high capacitance for
gi ven vol une.
One effect of lead inductance in a capacitor used at VHF and above is
ef fective capacitance may be reduced.
The conmmon name for a capacitor connected across a transforner secondary

that is used to absorb transient voltage spikes is Suppressor capacitor

G6A — Inductors
The advantages of using a ferrite core with a toroidal inductor are:
o Large values of inductance may be obt ai ned
o The nagnetic properties of the core may be optim zed for a specific
range of frequencies
o Most of the magnetic field is contained in the core
[Al'l of these choices are correct]
Two sol enoid inductors should be placed with their w nding axes at right
angl es to each another to mnimze their nutual inductance.
It might be inportant to minimze the nutual inductance between two
i nductors to reduce or elimnate unwanted coupling.
An effect of inter-turn capacitance in an inductor is the inductor may
become self resonant at sone frequenci es.
The commmon nane for an inductor used to help snmooth the DC output fromthe

rectifier in a conventional power supply is a Filter choke.
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G6B — Rectifiers and Solid state di odes
The peak-inverse-voltage rating of a rectifier is the maxi numvoltage the
rectifier will handle in the non-conducting direction.
The two maj or ratings that nust not be exceeded for silicon-diode
rectifiers are Peak Inverse Voltage and Average Forward Current.
VWhen two or nore diodes are connected in parallel to increase current
handl i ng capacity, the purpose of the resistor connected in series with
each diode is to ensure that one di ode doesn€& carry nost of the current.
The approxi mate junction threshold voltage of a germaniumdiode is 0.3
vol ts.
The approxi mate junction threshold voltage of a silicon diode is 0.7
vol ts.
An advant age of using a Schottky diode in an RF switching circuit as

conpared to a standard silicon diode is | ower capacitance.

G6B — Transistors
The stable operating points for a bipolar transistor that is used as a
switch in alogic circuit are the transistor’s saturation and cut-off
regi ons.
It is often necessary to insulate the case of a | arge power transistor to
avoid shorting the collector or drain voltage to ground.
In the construction of a MOSFET the gate is separated fromthe channe
with a thin insulating |ayer.
A Field Effect Transistor (FET) is a solid state device and is nost like a

vacuumtube in its general characteristics.

G6B — Vacuum t ubes
The Control Gid element of a triode vacuumtube is used to regulate the
flow of electrons between cathode and pl ate.
The primary purpose of a screen grid in a vacuumtube is to reduce

grid-to-plate capacitance.

6B — Batteries; Solar Cells
An advantage of the low internal resistance of Ni ckel Cadm umbatteries is
hi gh di scharge current.
The m ni mum al | owabl e di scharge voltage for maxinumlife of a standard 12
volt lead acid battery is 10.5 volts.

It is never acceptable to recharge a carbon-zinc primary cell
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A Nickel Metal Hydride is a rechargeable battery.

&C - Analog and digital integrated circuits (I1C s)
Li near voltage regulator is an analog integrated circuit.
An operational anplifier is an Analog type of integrated circuit.
CMOS is the nbst comonly used digital logic famly of integrated
circuits.
An advant age of CMOS Logic integrated circuits conpared to TTL logic

circuits is the | ow power consunption.

G6C — M croprocessors
A mcroprocessor is a mniature conputer on a single integrated circuit

chi p.

&C — Menory
Read Only Menory (ROWM)
When nenory is characterized as “non-volatile” the stored information is

mai nt ai ned even if power is renoved.

G6C - |/ 0O devices
A Conputer and transceiver are two devices in an anateur radio station

that m ght be connected using a USB interface.

&GC - Mcrowave ICs (MMC s )
Monolithlic Mcrowave Integrated Circuit (MM Q)

G6C - Display devices
One di sadvant age of an incandescent indicator conpared to a LED is the
hi gh power consunpti on.
An LED is Forward Bi ased when emtting |ight.
A liquid crystal display requires anbient or back Iighting.
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SUBELEMENT G7 — PRACTI CAL CIRCUI TS [2 exam question — 2 groups]

Gr’A - Power supplies
A power - supply bl eeder resistor discharges the filter capacitors providing
a safety feature.
Capacitors and inductors are used in a power-supply filter network.
The m ni mum peak-inverse-voltage rating of the rectifier in a full-wave
power supply should be double the normal peak output voltage of the power
supply.
The approxi mate m ni mnum peak-i nverse-voltage rating of the rectifier in a
hal f -wave power supply should be two tines the normal peak output voltage
of the power supply.
A desirabl e characteristic for capacitors used to filter the DC output of
a switching power supply is | ow equival ent series resistance.
An advant age of a swi tched-node power supply as conpared to a |inear power
supply is high frequency operation allows the use of smaller conponents.
A 180 degree portion of the AC cycle is converted to DC by a hal f-wave
rectifier.
A 360 degree portion of the AC cycle is converted to DC by a full-wave
rectifier.
The out put waveform of an unfiltered full-wave rectifier connected to a
resistive load is a series of DC pulses at twi ce the frequency of the AC
i nput .

G/A — Transnitters
A Bal anced nodul ator circuit is used to conbine signals fromthe carrier
oscillator and speech anplifier and send the result to the filter in a
typi cal single-sideband phone transmtter
An advantage of a crystal controlled transmtter is a Stable output

frequency.

G7A - Receivers
A Mxer circuit is used to process signals fromthe RF anplifier and | oca
oscillator and send the result to the IF filter in a superheterodyne
receiver.
A Product detector circuit is used to process signals fromthe IF
anplifier and BFO and send the result to the AF anplifier in a single-

si deband phone superhet erodyne receiver.
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The sinpl est conbi nation of stages that can be conbined to inplenent a
super het erodyne receiver is an HF oscillator, mxer, and detector.

A direct conversion receiver is suitable for CWand SSB recepti on but does
not require a mxer stage or an |F anplifier.

A Discrimnator circuit is used in many FM receivers to convert signals
coming fromthe IF anplifier to audio.

Gr’A — Filters
The i npedance of a |ow pass filter as conpared to the inpedance of the
transmission line into which it is inserted should be about the sane.
A Filter mght be used to process signals fromthe bal anced nodul at or and
send themto the mxer in a single-sideband phone transmtter.

GrA - Schematic drawi ng synmbols (Refer to Figure G7-1 in Question Pool)

Fi xed Resistor (Synbol 3)
—WW—

Single Cell Battery (Synbol 13)

NPN Transi stor (Synbol 4)

| Vari abl e Capacitor (Synbol 5)

Transformer (Synmbol 6)

_Offo_ Single Pole Switch (Synbol 11)
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G/’B - Digital circuits (gates, flip-flops, shift registers)
A “flip-flop” circuit is a digital circuit with two stable states.

Digital circuits use the binary nunber system because binary "ones" and

"zeros" are easy to represent with an "on" or "off" state.

The output of a two-input NAND gate, given both inputs are “one” is Zero.
The output of a NOR gate given that both inputs are “zero” is One.

There are 8 states in a 3-bit binary counter.

A shift register is a clocked array of circuits that passes data in steps

al ong the array.

G/’B - Amplifiers
Low distortion is a characteristic of a Class A anplifier.
A Class “C' power stage is appropriate for anmplifying a nodul ated signal
for the CW node.
Hi gh efficiency is an advantage of a Class C anplifier.
The efficiency of an RF power anplifier is determ ned by dividing the RF
out put power by the DC input power.
A linear amplifier is an anplifier whose output preserves the input

wavef orm

G/B - Oscillators
The basi c components of virtually all oscillators are a filter and an
anplifier operating in a feedback | oop.
The phase shift of the RC feedback circuit determ nes the frequency of an
RC oscill ator.
The i nductance and capacitance in the tank circuit deternines the

frequency of an LC oscillator.
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SUBELEMENT G8 — SI GNALS AND EM SSI ONS [ 2 exam questions — 2 groups]

&BA - Carriers and nodul ati on: AM
Ampl i tude nmodul ation is the nane of the process that changes the envel ope
of an RF wave to convey infornmation.
Ampl i tude nmodul ati on type of transm ssion varies the instantaneous power

| evel of the RF signal to convey informtion.

&BA - Carriers and nodul ation: FM
Frequency nodul ation is the name of the process, which changes the
frequency of an RF wave to convey information.
VWhen a nodul ating audio signal is applied to an FMtransnitter the carrier
frequency changes proportionally to the instantaneous anplitude of the
nodul ati ng si gnal
Phase nodul ation is the nane of the process that changes the phase angle
of an RF wave to convey infornmation.
Phase nodul ati on enmission is produced by a reactance nodul at or connected

to an RF power anplifier.

@&BA - Carriers and nmodul ati on: Single and doubl e si deband
One advantage of carrier suppression in a single-sideband phone
transm ssion is nore transmtter power can be put into the remaining
si debands.
Si ngl e si deband phone em ssions use the narrowest frequency bandwi dth.
Bot h upper and | ower sideband signal (s) would be found at the output of a
properly adjusted bal anced nodul at or

GBA - Modul ation envel ope; Deviation; Overnodul ation
The Audi o or mcrophone gain control is typically adjusted for proper ALC
setting on an anmteur single sideband transceiver.
The signal of an over-nodul ated singl e-si deband phone transmitter becones
di storted and occupi es nore bandw dt h.
Fl at -t oppi ng of a singl e-sideband phone transmi ssion is signal distortion

caused by excessive drive.
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@&B - Frequency m xi ng
Het erodyning is another termfor the m xing of two RF signals.
A mxer stage in a transnmitter would change a 5.3 MHz input signal to
14.3 MHz.
The M xer stage in a receiver conbines a 14.250 MHz i nput signal with a
13.795 MHz oscillator signal to produce a 455 kHz intermedi ate frequency
(I'F) signal.
Sum 14.250 MHz + 13.795 Mz = 28. 045 MHz
Di fference 14.250 MHz — 13.795 MHz = 0.455 MHz or 455 kHz

If a receiver mxes a 13.800 Mz VFOwith a 14.255 MHz received signal to
produce a 455 kHz internediate frequency (IF) signal, a 13.345 M1z signal
wi || produce I mage Response interference in the receiver.

@&BB - Multiplication
The Multiplier stage in a VHF FMtransnitter selects a harnmonic of an HF

signal to reach the desired operating frequency.

G8B - HF data conmuni cations
The frequency shift is related to keying speed in an FSK signal in that
greater keying speeds require greater frequency shifts.
RTTY, Morse code, PSK31 and packet communications are all digital nodes.
When transmitting a data node signal, it is inportant to know the duty
cycle of the npde you are using to prevent damage to your transmitterGCs
final output stage.
The part of the 20 neter band npbst comonly used for PSK31 operation is
bel ow t he RTTY segnent, near 14.070 M.

&BB - Bandwi dt hs of various nodes
Frequency nodul ated (FM phone isn’'t used below 29.5 MHz because the
bandwi dt h woul d exceed FCC limts.
The total bandwi dth of an FM phone transm ssion having a 5 kHz devi ati on
and a 3 kHz nodul ating frequency is 16 kHz.

Total Bandwidth = 2 * (Deviation + Mdul ating Frequency)
Total Bandwidth = 2 * (5 kHZ + 3 kHz) = 16 kHz
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For a 12.21-MHz reactance-nmodul ated oscillator in a 5-kHz devi ation
146.52- MHz FM phone transmitter, the frequency deviation is 416.7 Hz.
146.52 MHz / 12.21 MHz = 12

Ther ef ore 5 kHz / 12 = 0.41666 kHz or 416.7 Hz
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SUBELEMENT (® — ANTENNAS AND FEEDLI NES [4 exam questions — 4 groups]

@A - Antenna feedlines: characteristic inpedance, and attenuation
The di stance between the centers of the conductors and the radius of the
conductors help determne the characteristic i npedance of a paralle
conduct or antenna feedline.
The typical characteristic inpedance of coaxial cables used for antenna
feedlines at amateur stations is 50 and 75 ohms.
The characteristic inpedance of flat ribbon TV type twin lead is 300 ohms.
The attenuation of coaxial cable increases as the frequency of the signa
it is carrying increases.
RF feed line | osses are usually expressed in dB per 100 ft.

@A - Antenna feedlines: SWR cal cul ation, nmeasurenment and effects

If the SWR on an antenna feedline is 5 to 1, and a nmatching network at the
transmtter end of the feedline is adjusted to 1 to 1 SWR, the resulting
SWR on the feedline will be 5 to 1.
A standi ng-wave-ratio of 4:1 will result fromthe connection of a 50-ohm
feed line to a non-reactive | oad having a 200- ohm i npedance.

SWR = 200: 50 4:1
A standi ng-wave-ratio of 5:1 will result fromthe connection of a 50-ohm
feed line to a non-reactive | oad having a 10- ohm i npedance.

SWR = 50: 10 5:1
A standi ng-wave-ratio of 1:1 will result fromthe connection of a 50-ohm
feed line to a non-reactive | oad having a 50-ohm i npedance.

SWR = 50: 50 1.1
If you feed a vertical antenna that has a 25-ohm feed-point inpedance with
50- ohm coaxi al cable the SWR woul d be 2: 1.

SWR = 50: 25 2:1
If you feed a fol ded di pol e antenna that has a 300-ohm f eedpoi nt i npedance
wi th 50- ohm coaxi al cable the SWR woul d be 6: 1.

SWR = 300: 50 6:1

Authors note: In the preceding statenents you are faced with the sane

m smat ch of i npedance whet her you are looking at it fromthe “l oad”
perspective or the “feedpoint” perspective. The ratio can appear to be
fl opped. The convention is to state the ratio as if you are referencing from

1:1 and increasing the nunber on the left side of the ratio.
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@A - Antenna feedlines: matching networks

A common reason for the occurrence of reflected power at the point where a
feedline connects to an antenna is a difference between feedline inpedance
and antenna feed point inpedance.

The antenna feed point inpedance nmust be matched to the characteristic

i npedance of the feedline to prevent standi ng waves on an antenna

f eedl i ne.

A reason for using an inductively coupl ed matchi ng network between the
transmtter and parallel conductor feed |ine feeding an antenna is to
mat ch the unbal anced transnitter output to the bal anced parallel conductor

f eedl i ne.

(OB - Basic antennas: Random w re antenna
One di sadvantage of a directly fed randomw re antenna i s you nay

experi ence RF burns when touching netal objects in your station

@B - Basic antennas: G oundpl ane antenna
An advant age of downward sl oping radials on a ground-plane antenna is they
can be adjusted to bring the feed-point inpedance closer to 50 ohns.
The feed-point i npedance of a ground-plane antenna increases when its

radi al s are changed from hori zontal to downward-sl opi ng.

@B - Basic antennas: Vertical antenna
The radial wires of a ground-nounted vertical antenna system should be
pl aced on the surface or buried a few inches bel ow t he ground.
The approximte length for a 1/4-wave vertical antenna cut for 28.5 MHz is
8.2 feet.
Length (1/4-wave Vertical) = 234 = 234/28.5 = 8.2 feet
(in feet) Frequency (MHz)

@B - Basic antennas: Dipole
The | ow angl e azi mut hal radiation pattern of an ideal half-wavel ength
di pol e antenna installed 1/2 wavel ength high and parallel to the earth is
a figure-eight at right angles to the antenna.
The antenna height affects the horizontal (azinuthal) radiation pattern of

a horizontal dipole HF antenna if the antenna is |l ess than 1/2 wavel ength
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hi gh and resulting the azinuthal pattern is al mbst ommidirectional

The feed-point inpedance of a 1/2 wave di pole antenna steadily decreases
as the antenna is |lowered from 1/ 4 wave above ground.

The feed-point inpedance of a 1/2 wave dipole steadily increases as the
feed-point location is noved fromthe center toward the ends.

An advantage of a horizontally polarized as conpared to vertically

pol ari zed HF antenna is | ower ground reflection |osses.

The approximte length for a 1/2-wave di pole antenna cut for 14.250 MHz is
32.8 feet.
Length (1/2-wave Dipole) = 468 = 468/ 14.250 = 32.8 feet

(in feet) Frequency (MHz)

The approximate length for a 1/2-wave di pole antenna cut for 3.550 Mz is
131.8 feet.
Length (1/2-wave Dipole) = 468 = 468/ 3.550 = 131.8 feet

(in feet) Frequency (MHz)

@AC - Directional antennas: Yag
A Yagi antenna consists of a driven el enent and sone conbi nati on of
parasitically excited reflector and/or director el enents.
The director is nornmally the shortest parasitic element in a three-el ement
si ngl e-band Yagi antenna.
The reflector is normally the | ongest parasitic elenent in a Yagi antenna.
The SWR bandwi dth of a Yagi antenna can be increased by using |arger
di aneter el ements.
The approxi mate |l ength of the driven elenent of a Yagi antenna is
1/ 2 wavel engt h.
I ncreasing the boomlength and adding directors to a Yagi antenna w ||
i ncrease Gain.
A reason why a Yagi antenna is often used for radi o comunications on the
20 meter band is it hel ps reduce interference fromother stations to the
side or behind the antenna.
In reference to a Yagi antenna, "front-to-back ratio" neans the power
radiated in the major radiation | obe conpared to the power radiated in
exactly the opposite direction

The "mmin | obe" of a directive antenna is the direction of maxi mum
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radi ated field strength fromthe antenna
The approxi mate maxi mum theoretical forward gain of a 3 Elenent Yag
antenna is 9.7 dBi
Al'l of these Yagi antenna design variables could be adjusted to optim ze
forward gain, front-to-back ratio, or SWR bandw dt h:

o The physical length of the boom

0 The nunber of elements on the boom

o The spacing of each element along the boom

[Al'l of these choices are correct]
The purpose of a "gamma match" used with Yagi antennas is to natch the
relatively | ow feed-point inpedance to 50 ohns.
No insulation in needed for insulating the driven elenent of a Yag
antenna fromthe netal boom when using a gamma match.

[ None of the above. No insulation in needed]

&AC - Directional antennas: Quad; Loop
Each side of a cubical-quad antenna driven elenent is approxinmately 1/4
wavel engt h | ong.
The forward gain of a 2-el enent cubical -quad antenna is about the sane as
the forward gain of a 3 elenent Yagi antenna.
Each side of a cubical-quad antenna reflector elenent is slightly nore
than 1/ 4 wavel engt h.
A cubical quad antenna is a directional antenna and is typically
constructed from 2 square | oops of wire each having a circunference of
approxi nately one wavel ength at the operating frequency and separated by
approxi mately 0.2 wavel engt h.
When the feed-point of a cubical quad antenna is changed fromthe center
of the lowest horizontal wire to the center of one of the vertical wres,
the pol arization of the radiated signal changes from horizontal to
verti cal
In order for a cubical-quad antenna to operate as a beam antenna, one of
the elements is used as a reflector and the reflector el enment nust be
approxi mately 5% | onger than the driven el enent.
The gain of a two el ement delta-loop beamis about the same as the gain of
a two el enent cubical quad antenna.
Each | eg of a symretrical delta-loop antenna Driven el enent is
approxi nately 1/3 wavel engths | ong.
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@D - Specialized antennas: NVIS
The term "NVIS" neans Near Vertical |ncidence Skywave as it relates to
ant ennas.
An advantage of an NVIS antenna is the high vertical angle radiation for
short skip during the day.
An NVIS antenna is typically installed at a hei ght between 1/10 and 1/4
wavel engt h above ground.

@D - Specialized antennas: Horizontally Pol arized Yag
The gain of two 3-elenment horizontally polarized Yagi antennas spaced
vertically 1/2 wave apart from each another typically is approximtely 3
dB higher than the gain of a single 3-el enent Yagi
The advant age of vertical stacking of horizontally polarized Yagi antennas

is it narrows the main | obe in el evation.

@D - Specialized antennas: Log Periodic Antenna
An advantage of a log periodic antenna is w de bandw dt h.
A log periodic antenna is described by the | ength and spacing of el enent

increasing logarithmcally fromone end of the boomto the other

@D - Specialized antennas: Beverage Antenna
A Beverage antenna generally is not used for transmtting because it has
hi gh | osses conpared to other types of antennas.
An application for a Beverage antenna is directional receiving for | ow HF
bands.
A Beverage antenna is a very long and | ow receiving antenna that is highly
directional

@D - Specialized antennas: Milti-band Antenna
A di sadvantage of nultiband antennas is poor harnonic rejection
The primary purpose of traps installed in antennas is to permt nultiband
operation.
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SUBELEMENT (0 — ELECTRI CAL AND RF SAFETY [2 Exam Questions — 2 groups]

DA - RF safety principles, rules and guidelines
RF energy can heat human body tissue.
The RF safety rules require no further action when the maxi num power
out put capability of an otherw se conpliant station is reduced.
VWhenever you nake adjustnents or repairs to an antenna turn off the
transmitter and di sconnect the feedline.
I f an eval uation of your station shows RF energy radiated from your
station exceeds permssible lints you nust take action to prevent hunan
exposure to the excessive RF fields.
You shoul d nake sure that MPE [imts are not exceeded in occupied areas if
you install an indoor transmitting antenna.
VWen installing a ground-nmounted antenna it should be installed so no one
can be exposed to RF radiation in excess of maximumpernissible limts.
I f eval uation shows that a nei ghbor mght receive nore than the all owabl e
limt of RF exposure fromthe main |obe of a directional antenna take

precautions to ensure that the antenna cannot be pointed at their house.

G0A - Routine station evaluation

An anmt eur operator nust performa routine RF exposure evaluation to
ensure conpliance with RF safety regul ations.
Any transmitter that contributes 5% or nore of the MPE at a nultiple user
site is/are responsible for RF safety conpliance.
You can determne that your station conplies with FCC RF exposure
regul ati ons:

o By calculation based on FCC OET Bulletin 65

o By calcul ation based on computer npdeling

o By measurement of field strength using calibrated equi prent

[Al'l of these choices are correct]
A calibrated field-strength meter with a calibrated antenna can be used to
accurately nmeasure an RF field.
The critical angle is NOT inportant in estimating if an RF signal exceeds
t he maxi mum per m ssi bl e exposure (MPE)
The power |evel and frequency of the energy have the nost direct effect on
the permtted exposure |evel of RF radiation
The term "time averaging", nmeans the total RF exposure averaged over a

certain tinme in reference to RF radi ati on exposure.
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A lower transmtter duty cycle permts greater short-term exposure |evels
when eval uati ng RF exposure.

0B - Safety in the ham shack: electrical shock and treatnent
The nost hazardous type of electrical energy is 60 cycle Alternating
Current.
The maxi mum amount of electrical current flow through the human body that
can be tolerated safely is 50 m croanperes.
Current through the heart can cause the heart to stop punping. Electrical
shock can be lethal.

0B - Safety in the ham shack: groundi ng
Current flowing fromthe hot wire to ground will cause a G ound Fault
Circuit Interrupter (GFCl) to disconnect the 120 or 240 Volt AC |line power
to a device.
The netal chassis of every itemof station equi pnent nust be grounded
(assunming the itemhas such a chassis) because it ensures that hazardous
vol t ages cannot appear on the chassis.
A good engi neering practice for lightning protection grounds is ensuring
they are bonded together with all other grounds.
It is not safe to use soldered joints with the wires that connect the base
of a tower to a system of ground rods because a soldered joint will likely
be destroyed by the heat of a lightning strike.
A danger fromlead-tin solder is Lead can contanm nate food if hands are

not washed carefully after handling.

0B - Safety in the ham shack: fusing
A 15 anpere fuse or circuit breaker would be appropriate to use with a

circuit that uses AWG nunmber 14 wiring.

Q0B - Safety in the ham shack: wring
Only the "hot" (black and red) wires in a four-conductor |line cord should
be attached to fuses or circuit breakers in a device operated froma 240-
VAC si ngl e- phase sour ce.
AWG nunber 12 is the mnimumw re size that may be safely used for a
circuit that draws up to 20 anperes of continuous current.
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Q0B - Safety in the ham shack: interl ocks
The purpose of a transnitter power supply interlock is to ensure that

dangerous voltages are renoved if the cabinet is opened.

Q0B - Safety in the ham shack: antenna and tower safety
For safety when clinbing on a tower using a safety belt or harness al ways
attach the belt safety hook to the belt "D' ring with the hook opening
away fromthe tower.
Any person preparing to clinmb a tower that supports electrically powered
devi ces should nake sure all circuits that supply power to the tower are
| ocked out and tagged.
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