The W5JCK Amateu2008 Extra Exam
Question Pool with Correct Answersand
Guide to the Mathematical Problems

This document contains every question from the Extra Class (Element 4)p@68on Podl

with the correct answer only. All incect answers have been deleted. Additionally, all the
necessary mathematical equatfomave been illustrated and helpful hints and explanations have
been included.

| designed this document as an fadreviewingthe exam questiorendthe mathematics
necessary to solve the exam questidttrdoes not cover the mathematical or electrical theories
behind the questions. To study the theory, | highly recommerdARRL Extra Class License
Manualand Gord n  WeEstra Glass FCC License Preparation for ElemenBdth of these
publications were of great help to me in preparing for my Amateur Extra Class exam.

Can you pass the exam without studying the theory? Yes. Should you? No! Please beagood
andlearn all you can about this wonderful hobByudy hard, study often, and be courteous to
your fellow hams.

This document is copyright © 28®y Ceburn Jack Swinden, W5JCK, and may be freely
distributed. Good luck on your Amateur Extra exam.

73 de W5CK

Last Updated: 25 August 2008

! Question Pool Element-4Extra Class, as released by the Question Pool Committee of the National Conference of
Volunteer Examiner Coordinators February 20, 2008. This question pool is scheduled to be in servicg ftpm Jul
2008 until June 30, 2012

As pertains to mathematics involving the Pi function (
the test taker would round off °~ to 3.14. Thtisanswers |
fact. | believe most test takers, myself included, will use a calculator withd bmilt ~ f unct i oinn 'Si nce t
function carries a much higher degree of accuracy in d

part of the slution are slightly more accurate than the answers provided by the Question Pool Committee. The
differences are slight andimportant, but should be noted to avoid any confusion.
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SubelementE1d Commi ssi ond6s Rul es

E1A Operating Standards: frequency privileges for Extra Class amateurs;
emission standards; automatic message forwarding; frequency sharing; FCC
license actions; stations aboard ships or aircraft

E1AO01

When using a transceiver that displays the carrier frequency of phone signals, which of the
following displayed frguencies will result in a normal USB emission being within the band?

3 kHz below the upper band edge

E1A02

When using a transceiver that displays the carrier frequency of phone signals, which of the
following displayed frequencies will result in a norrh&B emission being within the band?

3 kHz above the lower band edge

E1A03

With your transceiver displaying the carrier frequency of phone signals, you hear a DX station's
CQ on 14.349 MHz UB. Is it legalto return the call using upper sideband on the same
frequency?

No, my sidebands will extend beyond the band edge

E1A04

With your transceiver displaying the carrier frequency of phone signals, you hear a DX station's
CQ on 3.601 MHz LB. Is it legal to réurn the call using lower sideband on the same
frequency?

No, my sidebands will extend beyond the edge of the phone band segment

E1A05

Which is the only amateur band that does not permit the transmission of phone or image
emissions?

30 meters
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E1A06
Whatis the maximum power output permitted on the 60 meter band?

50 watts PEP effective radiated power relative to a dipole

E1A07

What is the only amateur band where transmission on specific channels rather than a range of
frequencies is permitted?

60 meter band

E1A08

Whatis theonly emission type permitted to be transmitted on the 60 meter band by an amateur
station?

Single sideband, upper sideband only

E1A09

Which frequency bands contain at least one segment authorized only to control operators holding
anAmateur Extra Class operator license?

80/75, 40, 20 and 15 meters

E1A10

If a station in a message forwarding system inadvertently forwards a message that is in violation
of FCC rules, who is primarily accountable for the rules violation?

The control operator of the originating station

E1A11

What is the first action you should take if your digital message forwarding station inadvertently
forwards a communication that violates FCC rules?

Discontinue forwarding the communication as soon as you become aware of it

E1A12

If an amateur station is installed on board a ship or aircraft, what condition must be met before
the station is operated?

Its operation must be approved by the master of the ship or the pilot in command of the aircraft
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E1A13

When a USregisteredressel is in international waters, what type of F€€uied license or
permit is required to transmit amateur communications from doard amateur transmitter?

Any amateur license or reciprocal permit for alien amateur licensee
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E1B Station restrictions and special operations: restrictions on station location;
general operating restrictions, spurious emissions, control operator
reimbursement; antenna structure restrictions; RACES operations

E1B01
Which of the following constitutes a spurious emission?

An emission outside its necessary bandwidth that can be reduced or eliminated without affecting
the information transmitted

E1B02

Which of the following factors might cause the physical location of an amateur station apparatus
or antenna structure to be restied?

The location is significant to our environment, American history, architecture, or culture.

E1BO3

Within what distance must an amateur station protect an FCC monitoring facility from harmful
interference?

1 mile

E1B0O4

What must be done before plagian amateur station within an officially designated wilderness
area or wildlife preserve, or an area listed in the National Register of Historical Places?

An Environmental Assessment must be submitted to the FCC

E1BO05

What height restrictions apply tem @amateur station antenna structure not close to a public use
airport unless the FAA is notified and it is registered with the FCC?

It must be no higher than 200 feet above ground level at its site

E1B06

Which of the following additional rules apply iby are installing an amateur station antenna at a
site within 20,000 feet of a public use airport?

You may have to notify the Federal Aviation Administration and register it with the FCC
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E1BO7

Whose approval is required before erecting an amatation antenna located at or near a public
use airport if the antenna would exceed a cer
from the nearest active runway?

The FAA must be notified and it must be registered with the FCC

E1B08

On whatfrequencies may the operation of an amateur station be restricted if its emissions cause
interference to the reception of a domestic broadcast station on a receiver of good engineering
design?

On the interfering amateur service transmitting frequencies

E1B09
What is the Radio Amateur Civil Emergency Service (RACES)?

A radio service of amateur stations for civil defense communications during periods of local,
regional, or national civil emergencies

E1B10
Which amateur stations may be operated in RACES?

Any FCC-licensed amateur station certified by the responsible civil defense organization for the
area served

E1B11
What frequencies are normally authorized to an amateur station participating in RACES?

All amateur service frequencies otherwise authorized to the control operator

E1B12

What are the frequencies authorized to an amateur station participating in RACES during a
period when the President's War Emergency Powers are in force?

Specific amateur service frequency segments authorized in FCC Part 214

E1B13
What communications are permissible in RACES?

Authorized civil defense emergency communications affecting the immediate safety of life and
property
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E1C Station control: definitions and restrictions pertaining to local, automatic and
remote control operation; control operator responsibilities for remote and
automatically controlled stations

E1C01
What is a remotely controlled station?

A station controlled indirectly through a control link

E1C02
What is meant by automatic control of a station?

The use of devices and procedures for control so that the control operator does not have to be
present at a control point

E1CO03

How do the control operator responsibilities of a station under automatic control differ from one
under local control?

Under automatic control the control operator is not required to be present at the control point

E1C04
When may an automatically controlled station retransmit third party communications?

Only when transmitting RTTY or data emissions

E1CO05
When may an automatically contredl station originate third party communications?

Never

E1C06
Which of the following statements concerning remotely controlled amateur stations is true?

A control operator must be present at the control point

E1CO07
What is meant by local control?

Direct manipulation of the transmitter by a control operator
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E1CO08

What i s the maxi mum permissible duration of
control link malfunctions?

3 minutes

E1C09

Which of these frequencies are available for autonibticantrolled grounestation repeater
operation?

29.500 - 29.700 MHz

E1C10

What types of amateur stations may automatically retransmit the radio signals of other amateur
stations?

Only auxiliary, repeater or space stations
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E1D Amateur Satellite service: definitions and purpose; license requirements for
space stations; available frequencies and bands; telecommand and telemetry
operations; restrictions, and special provisions; notification requirements

E1D01
What is the definition of the term telemetry?

One-way transmission of measurements at a distance from the measuring instrument

E1D02
What is the amatetgatellite service?

A radio communications service using amateur stations on satellites

E1DO03
What is a telecommand station in the amateur sate#livdce?

An amateur station that transmits communications to initiate, modify or terminate certain
functions of a space station

E1D04
What is an Earth station in the amateur satellite service?

An amateur station within 50 km of the Earth's surface for communications with amateur stations
by means of objects in space

E1D05
What class of licensee is authorized to be the control operator of a space station?

A holder of any class of license

E1DO06
Which of the following special provisions must a space statioorporate in order to comply
with space station requirements?

The space station must be capable of effecting a cessation of transmissions by telecommand
when so ordered by the FCC
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E1D07
Which amateur service HF bands have frequencies authorizpdde stations?

Only 40m, 20m, 17m, 15m, 12m and 10m

E1D08
Which VHF amateur service bands have frequencies available for space stations?

2 meters

E1DO09
Which amateur service UHF bands have frequencies available for a space station?

70cm, 23cm, 13 cm

E1D10
Which amateur stations are eligible to be telecommand stations?

Any amateur station so designated by the space station licensee

E1D11
Which amateur stations are eligible to operate as Earth stations?

Any amateur station, subject to the privileges of the class of operator license held by the control
operator

E1D12
Who must be notified before launching an amateur space station?

The FCCbs I nternational Bureau, Washington, DC
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E1E Volunteer examiner program: definitions, qualifications, preparation and
administration of exams; accreditation; question pools; documentation
requirements

E1EO1

What is the minimum number of qualified VEs required to administer an Element 4 amateur
operator license examination?

3

E1E02
Where are the questions for all writtel® amateur license examinations listed?

In the VEC-maintained question pool

E1EO3

Who is responsible for maintaining the question pools from which all amateur license
examination questions must be taken?

All of the VECs

E1E04
What is a Volunteer Examin€oordinator?

An organization that has entered into an agreement with the FCC to coordinate amateur operator
license examinations

E1E05
What is a VE?

An amateur operator who is approved by a VEC to administer amateur operator license
examinations

E1E06
What is a VE team?

A group of at least three VEs who administer examinations for an amateur operator license
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E1E07
Which of the following persons seeking to become VEs cannot be accredited?

Persons who have ever had an amateur operator or amateur station license suspended or revoked

E1E08
Which of the following best describes the Volunteer Examiner accreditation process?

The procedure by which a VEC confirms that the VE applicant meets FCC requirements to serve
as an examiner

E1E09
Where must th&E team be while administering an examination?

All of the administering VEs must be present where they can observe the examinees throughout
the entire examination

E1E10

Who is responsible for the proper conduct and necessary supervision during an apeasgar
license examination session?

Each administering VE

E1E11l

What should a VE do if a candidate fails to c
amateur operator license examination?

| mmedi ately terminate the candidateb6s examination

E1E12
To which of the following examinees may a VE not administer an examination?

The VEO6s close relatives as | isted in the FCC rul es

E1E13
What may be the penalty for a VE who fraudulently administers or certifies an examination?

Revocation of tmd aVE@an d mateeisre grant and the suspensio
operator license grant
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E1E14

Wh at mu st the VE team do with the examineeds
examination?

The VE team must collect and grade them immediately

E1E15
Whatmust the VE team do if an examinee scores a passing grade on all examination elements
needed for an upgrade or new license?

Three VEs must certify that the examinee is qualified for the license grant and that they have
complied with the VE requirements

E1E16
What must the VE team do with the application form if the examinee does not pass the exam?

Return the application document to the examinee

E1E17

What are the consequences of failing to appear fadneinistration of an examination when so
directed ly the FCC?

The licensee's license will be cancelled

E1E18
For which types of oubf-pocket expenses may VEs and VECs be reimbursed?

Preparing, processing, administering and coordinating an examination for an amateur radio
license

E1E19

How much reimbursaent may the VE team and VEC accept for preparing, processing,
administering and coordinating an examination?

Actual out-of-pocket expenses

E1E20
What is the minimum age to be a volunteer examiner?

18 years old
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E1F Miscellaneous rules: external RF power amplifiers; Line A; national quiet
zone; business communications; compensated communications; spread
spectrum; auxiliary stations; reciprocal operating privileges; IARP and CEPT
licenses; third party communications with foreign countries; special temporary
authority

E1F01
On what frequencies are spread spectrum transmissions permitted?

Only on amateur frequencies above 222 MHz

E1F02

Which of the following operating arrangements allows an fi€&hsed US citizen to operate in
many European countries, aalikn amateurs from many European countries to operate in the
us?

CEPT agreement

E1F03

Which of the following operating arrangements allow an HiCénsed US citizen and many
Central and South American amateus? operators

IARP agreement

E1F04

What does it mean if an external RF amplifier is listed on the FCC database as certificated for
use in the amateur service?

That particular RF amplifier may be marketed for use in the amateur service

E1F05
Under what circumstancesay a dealer sell an external RF power amplifier capable of operation
below 144 MHz if it has not been granted FCC certification?

It was purchased in used condition from an amateur operator and is sold to another amateur
operator for use at that operator's station

E1F06
Which of the following geographic descriptions approximately describes "Line A"?

A line roughly parallel to and south of the US-Canadian border
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E1FO7

Amateur stations may not transmit in which of the following frequency segments ifrthey a
located north of Line A?

420 - 430 MHz

E1F08
What is the National Radio Quiet Zone?

An area surrounding the National Radio Astronomy Observatory

E1F09

When may the control operator of a repeater accept payment for providing communication
services to mother party?

Under no circumstances

E1F10
When may an amateur station send a message to a business?

When neither the amateur nor his or her employer has a pecuniary interest in the communications

E1F11
Which of the following types of amateoperatosto-amatewoperator communications are
prohibited?

Communications transmitted for hire or material compensation, except as otherwise provided in
the rules

E1F12

FCClicensed amateur stations may use spread spectrum (SS) emissions to communicate under
which of the following conditions?

A. When the other station is in an area regulated by the FCC
B. When the other station is in a country permitting SS communications
C. When the transmission is not used to obscure the meaning of any communication

D. All of these choices are correct
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E1F13

What is the maximum transmitter power for an amateur station transmitting spread spectrum
communications?

100 W

E1F14

Which of the following best describes one of the standards that must be met by an external RF
poweramplifier if it is to qualify for a grant of FCC certification?

It must satisfy the FCC's spurious emission standards when operated at its full output power

E1F15
Who may be the control operator of an auxiliary station?

Only Technician, General, Advanced or Amateur Extra Class operators

E1F16
What types of communications may be transmitted to amateur stations in foreign countries?

Communications incidental to the purpose of the amateur service and remarks of a personal
nature

E1F17

Under what circumstaes might the FCC issue a "Special Temporary Authority” (STA) to an
amateur station?

To provide for experimental amateur communications
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Subelement E2 8 Operating Practices and Procedures

E2A Amateur radio in space: amateur satellites; orbital mechanics; frequencies

and modes; satellite hardware; satellite operations

E2A01
What is the direction of an ascending pass for an amsageitite?

From south to north

E2A02
What is the direction of a descending pass for an amateur satellite?

From north to south

E2A03
What is the orbital period of a satellite?

The time it takes for a satellite to complete one revolution around the Earth

E2A04
What i s meant by the term fAimodeodo as

The satellite's uplink and downlink frequency bands

applied

E2A05
What do the letters in a satellite's mode designator specify?

The uplink and downlink frequencies

E2A06

On what land would a satellite receive signals if it were operating in
mode U/V?

432 MHz
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E2A07
Which of the following types of signals can be relayed through a linear transponder?

All these answers are correct

E2A08
What is the primary reason for satelliteetssto limit their transmit ERP?

Because the satellite transmitter output power is limited

E2A09
What do the terms L band and S band specify with regard to satellite communications?

The 23 centimeter and 13 centimeter bands

E2A10
Why may the received signal from an amateur satellite exhibit a rapidly repeating fading effect?

Because the satellite is rotating

E2A11

What type of antenna can be used to minimize the effects of spin modulation and Faraday
rotation?

A circularly polarized antenna

E2A12
What is one way to predict the location of a satellite at a given time?

By calculations using the Keplerian elements for the specified satellite

E2A13
What type of satellite appears to stay in one position in the sky?

Geosynchronous

E2A14
What happens to a satellite's transmitted signal due to the Doppler Effect?

The signal frequency shifts lower as the satellite passes overhead
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E2B Television practices: fast scan television standards and techniques; slow
scan television standards and techniques

E2B01
How many times per second is a new frame transmitted in-adast(NTSC) television system?

30

E2B02
How many horizontal lines make up a fasan (NTSC) television frame?

525

E2B03
How is an interlace scanning pattern generatedastscan (NTSC) television system?

By scanning odd numbered lines in one field and even numbered ones in the next

E2B04
What is blanking in a video signal?

Turning off the scanning beam while it is traveling from right to left or from bottom to top

E2B05

Which of the following is an advantage of using vestigial sideband for standard fast scan TV
transmissions?

Vestigial sideband reduces bandwidth while allowing for simple video detector circuitry

E2B06 (A)
What is vestigial sideband modulation?

Amplitude modulation in which one complete sideband and a portion of the other sideband is
transmitted

E2B07
What is the name of the video signal component that carries color information?

Chroma
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E2B08

Which of the following is a common methodtodinsmitting accompanying audio with amateur
fastscan television?

A. Frequency-modulated sub-carrier
B. A separate VHF or UHF audio link
C. Frequency modulation of the video carrier

D. All of these choices are correct

E2B09

What hardware, other than arsceiver with SSB capability and a suitable computer, is needed
to decode SSTV based on Digital Radio Mondiale (DRM)?

No other hardware is needed

E2B10

Which of the following is an acceptable bandwidth for Digital Radio Mondiale (DRM) based
voice or SSTWigital transmissions made on the HF amateur bands?

3 KHz

E2B11

What is the function of the Vertical Interval Signaling (VIS) code transmitted as part of an SSTV
transmission?

To identify the SSTV mode being used

E2B12
How are analog slovscantelevision images typically transmitted on the HF bands?

Varying tone frequencies representing the video are transmitted using single sideband

E2B13

How many lines are commonly used in each frame on an amateussdmwcolor television
picture?

128 or 256
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E2B14
What aspect of an amateur slsaan television signal encodes the brightness of the picture?

Tone frequency

E2B15
What signals SSTV receiving equipment to begin a new picture line?

Specific tone frequencies

E2B16
Which of the following is theideo standard used by North American Fast Scan ATV stations?

NTSC

E2B17

Which of the following is NOT a characteristic of FMTV (Frequeitgydulated Amateur
Television) as compared to vestigial sideband AM television?

Immunity from fading due to limiting

E2B18
What is the approximate bandwidth of a sle@an TV signal?

3 kHz

E2B19
On which of the following frequencies is one likely to find FMTV transmissions?

1255 MHz

E2B20 (C)
What special operating frequency restrictions are imposed on slow sdaanBvhissions?

They are restricted to phone band segments and their bandwidth can be no greater than that of a
voice signal of the same modulation type
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E2B21

If 100 IRE units correspond to the maghite level in the NTSC standard video format, what is
the level of the modblack signal?

7.5 IRE units
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E2C Operating methods, part 1: contest and DX operating; spread-spectrum
transmissions; automatic HF forwarding; selecting an operating frequency

E2C01
Which of the following is true about contest operg®n

Operators are permitted to make contacts even if they do not submit a log

E2C02
Which of the following best describes fAself s
The generally prohibited practice of postdleign oneds own

spotting network

E2C03
From which of the following bands is amateur radio contesting generally excluded?

30 meters

E2C04

On which of the following frequencies is an amateur radio contest contact generally
discouraged?

146.52 MHz

E2C05

Which ofthe following frequencies would generally be acceptable for U.S. stations to work other
U.S. stations in a phone contest?

14.310 MHz

E2C06

During a VHF/UHF contest, in which band segment would you expect to find the highest level
of activity?

In the weak signal segment of the band, with most of the activity near the calling frequency

E2C07
What is the Cabrillo format?
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A standard for organizing information in contest log files

E2C08
Why are received spreagpectrum signals resistant to interference?

Signals not using the spectrum-spreading algorithm are suppressed in the receiver

E2C09
How does the spreagpectrum technique of frequency hopping (FH) work?

The frequency of the transmitted signal is changed very rapidly according to a particular
sequence also used by the receiving station

E2C10
Why might a phone DX station state that he is listening on another frequency?

A. Because the DX station may be transmitting on a frequency that is prohibited to some
responding stations

B. To separate the calling stations from the DX station
C. To reduce interference, thereby improving operating efficiency

D. All of these choices are correct

E2C11

How should you generally sign your call when attempting to contact a DX station working a
Apil eupmte> i n a co

Send your full call sign once or twice

E2C12

In North America during low sunspot activity, when signals from Europe become weak and
fluttery across an entire HF band two to three hours after sunset, what might help to contact other
European DX st#ons?

Switch to a lower frequency HF band
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E2D Operating methods, part 2: VHF and UHF digital modes; packet clusters;
Automatic Position Reporting System (APRS)

E2D01
What does fAicommand modeo mean in packet

The TNC is ready to receive instructions via the keyboard

E2D02
Wh at is the definition of fbaudo?

The number of data symbols transmitted per second

E2D03
Which of the follow is true when comparing HF anch2ter packet operations?

HF packet typically uses FSK with a data rate of 300 baud; 2-meter packet uses AFSK with a data
rate of 1200 baud

E2D04
What is the purpose of digital steaadforward functions on an Amateur satellite?

To store digital messages in the satellite for later download by other stations

E2D05

Which of the folbwing techniques is normally used by l@arth orbiting digital satellites to
relay messages around the world?

Store-and-forward

E2D06
Which of the following is a commonly useeh2eter APRS frequency?

144.39 MHz

E2D07
Which of the following digital protcols is used by APRS?

AX.25
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E2D08
Which of the following types of packet frames is used to transmit APRS beacon data?

Unnumbered Information frames

E2D09

Under clear communications conditions, which of these digital communications modes has the
fastest dta throughput?

300-baud packet

E2D10
How can an APRS station be used to help support a public service communications activity?

An APRS station with a GPS unit can automatically transmit information to show a mobile
station's position during the event

E2D11

Which of the following data sources are needed to accurately transmit your geographical location
over the APRS network?

Any of these choices is correct

Courtesy W5JCK, Copyright © 2008 by Ceburn Jack Swinden Page 29 of 156



E2 & Operating Practices and Procedures

E2E Operating methods, part 3: operating HF digital modes; error correction

E2E01
What is acommon method of transmitting data emissions below 30 MHz?

FSK/AFSK

E2E02
What do the letters FEC mean as they relate to digital operation?

Forward Error Correction

E2E03
How is Forward Error Correction implemented?

By transmitting extra data that may be used to detect and correct transmission errors

E2E04

What is indicated when one of the ellipses in an FSK creslipde display suddenly
disappears?

Selective fading has occurred

E2E05
How does ARQ accomplish error correction?

If errors are detected, a retransmission is requested

E2E06
What is the most common data rate used for HF packet communications?

300 baud

E2E07
What is the typical bandwidth of a properly modulated MFSK16 signal?

316 Hz
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E2E08
Which of the following HF digital modes can bgedl to transfer binary files?

PACTOR

E2E09
Which of the following HF digital modes uses varialdagth coding for bandwidth efficiency?

PSK31

E2E10
This question has been removed by the QPC

E2E11
What is the Baudot code?

The International Telegraph Alphabet Number 2 (ITA2) which uses five data bits

E2E12
Which of these digital communications modes has the narrowest bandwidth?

PSK31
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Subelement E3 8 Radio Wave Propagation

E3A Propagation and technique, part 1: Earth-Moon-Earth communications
(EME); meteor scatter

E3AO01

What is the approximate maximum separation along the surface of the Earth between two
stations communicating by moonbounce?

12,000 mil es, as long as both can fiseed the moon

E3A02
What characterizes libration fading of an eartbonearth signal?

A fluttery irregular fading

E3A03

When scheduling EME contacts, which of these conditionsgetierally result in the least path
loss?

When the moon is at perigee

E3A04
What type of receiving system is desirable for EME communications?

Equipment with very low noise figures

E3A05
What transmit and receive time sequencing is normally used oklf44vhen attempting an
EME contact?

Two-minute sequences, where one station transmits for a full two minutes and then receives for
the following two minutes

E3A06
What transmit and receive time sequencing is normally used on 432 MHz when attempting an
EME contact?

Two-and-one-half minute sequences, where one station transmits for a full 2.5 minutes and then
receives for the following 2.5 minutes
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E3A07
What frequency range would you normally tune to find EME stations in the 2 meter band?

144.000 - 144.100 MHz

E3A08
What frequency range would you normally tune to find EME stations in the 70 cm band?

432.000 - 432.100 MHz

E3A09

When a meteor strikes the Earth's atmosphere, a cylindrical region of free electrons is formed at
what layer of the ionosphere?

The E layer

E3A10
Which range of frequencies is well suited for metsmatter communications?

28 - 148 MHz

E3A11
What transmit and receive time sequencing is normally used on 144 MHz when attempting a
meteorscatter contact?

15-second sequences, where one station transmits for 15 seconds and then receives for the
following 15 seconds
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E3B Propagation and technique, part 2: transequatorial; long path; gray line;
multi-path propagation

E3B01
What is transequatorial propagation?

Propagation between two points at approximately the same distance north and south of the
magnetic equator

E3B02
What is the approximate maximum range for signals using transequatorial propagation?

5000 miles

E3B03
What is the best time of day for transequatorial propagation?

Afternoon or early evening

E3B04

What type of propagation is probably occurring if an HF beam antenna must be pointed in a
direction 180 degrees away from a station to receive the strongest signals?

Long-path

E3B05
Which amateur bands typically support lepathpropagation?

160 to 10 meters

E3B06
Which of the following amateur bands most frequently provides-paily propagation?

20 meters

E3B0O7

Which of the following could account for hearing an echo on the received signal of a distant
station?

Receipt of a signal by more than one path
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E3B08

What type of propagation is probably occurring if radio signals travel along the terminator
between daylight and darkness?

Gray-line

E3B09
At what time of day is graline propagation most prevalent?

At sunrise and sunset

E3B10
What is the cause of grdiye propagation?

At twilight, solar absorption drops greatly, while atmospheric ionization is not weakened enough
to reduce the MUF

E3B11
What communications are possible during ¢giag propagation?

Contacts up to 8,000 to 10,000 miles on three or four HF bands
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E3C Propagation and technique, part 3: Auroral propagation; selective fading;
radio-path horizon; take-off angle over flat or sloping terrain; earth effects on
propagation; less common propagation modes

E3C01
What effect does auroral activity have on radio communications?

CW signals have a fluttery tone

E3C02
What is the cause of auroral activity?

The emission of charged particles from the sun

E3C03
Where in the ionosphere does auroral activity occur?

At E-region height

E3C04
Which emission mode is best for auroral propagation?

Cw

E3C05
What causes selective fading?

Phase differences in the received signal caused by different paths

E3CO06

How much farther does the VHF/UHF raghath horizon distance excettt geometric
horizon?

By approximately 15% of the distance

E3CO07

How does the radiation pattern of ®@ment, horizontally polarized beam antenna vary with
height above ground?

The main lobe takeoff angle decreases with increasing height
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E3C08

What s the name of the higéingle wave in HF propagation that travels for some distance within
the F2 region?

Pedersen ray

E3C09
What effect is usually responsible for propagating a VHF signal over 500 miles?

Tropospheric ducting

E3C10

How does thgerformance of a horizontally polarized antenna mounted on the side of a hill
compare with the same antenna mounted on flat ground?

The main lobe takeoff angle decreases in the downhill direction

E3C11

From the contiguous 48 states, in which approximeeeton should an antenna be pointed to
take maximum advantage of auroral propagation?

North

E3C12
As the frequency of a signal is increased, how does its ground wave propagation change?

It decreases

E3C13
What type of polarization does most groumdvepropagation have?

Vertical

E3C14
Why does the radipath horizon distance exceed the geometric horizon?

Radio waves may be bent

Courtesy W5JCK, Copyright © 2008 by Ceburn Jack Swinden Page 37 of 156



E4 & Amateur Radio Technology and Measurements

Subelement E4 8 Amateur Radio Technology and Measurements

E4A Test equipment: analog and digital instruments; spectrum and network
analyzers, antenna analyzers; oscilloscopes; testing transistors; RF
measurements

E4A01
How does a spectruanalyzer differ from a conventional oscilloscope?

A spectrum analyzer displays signals in the frequency domain; an oscilloscope displays signals
in the time domain

E4A02

Which of the following parameters would a typical spectrum analyzer display onrthertal
axis?

Frequency

E4A03

Which of the following parameters would a typical spectrum analyzer display on the vertical
axis?

Amplitude

E4A04

Which of the following test instruments is used to display spurious signals from a radio
transmitter?

A spectrum analyzer

E4A05

Which of the following test instruments is used to display intermodulation distortion products in
an SSB transmission?

A spectrum analyzer
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E4A06
Which of the following could be determined with a spectrum analyzer?

A. The degree of isolation between the input and output ports of a 2 meter duplexer
B. Whether a crystal is operating on its fundamental or overtone frequency
C. The spectral output of a transmitter

D. All of these choices are correct

E4A07

Which of the following is an acntage of using an antenna analyzer vs. a SWR bridge to
measure antenna SWR?

Antenna analyzers typically do not need an external RF source

E4A08
Which of the following instruments would be best for measuring the SWR of a beam antenna?

An antenna analyzer

E4A09
Which of the following is most important when adjusting PSK31 transmitting levels?

ALC level

E4A10

Which of the following is a useful test for a functioning NPN transistor in an active circuit where
the transistor should be biased "on" ?

Measure base-to-emitter voltage with a voltmeter; it should be approximately 0.6 to 0.7 volts

E4A11

Which of the following test instruments can be used to indicate pulse conditions in a digital logic
circuit?

A logic probe
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E4A12

Which of the followingprocedures is an important precaution to follow when connecting a
spectrum analyzer to a transmitter output?

Attenuate the transmitter output going to the spectrum analyzer
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E4B Measurement technique and limitations: instrument accuracy and
performance limitations; probes; techniques to minimize errors; measurement of
"Q"; instrument calibration

E4B01
Which of the following is a characteristic of a good harmonic frequency marker?

Frequency stability

E4B02
Which of the following factors most affects the a@acy of a frequency counter?

Time base accuracy

E4B03
What is an advantage of using a bridge circuit to measure impedance?

The measurement is based on obtaining a null in voltage, which can be done very precisely

E4B04
If a frequency counter with specified accuracy of +1.0 ppm reads 146,520,000 Hz, what is
the most the actual frequency being measured could differ from the reading?

146.52 Hz (see equation below)
counter error
1,000,000

Error = f (Hz) X

1
Error = 146,520,000 Hz X W = 146.52 Hz

E4B05

If a frequency counter with a specified accuracy e0+l ppm reads 146,520,000 Hz, what is
the most the actual frequency being measured could differ from the reading?

14.652 Hz (see equation below)
counter error

Error = f (Hz) X 1,000,000

Error = 146,520,000 Hz X = 14.652 Hz

1,000,000
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E4B06

If a frequency counter with a specified accuracy efl®/ppm reads 146,520,000 Hz, what is the
most the actual frequentging measured could differ from the reading?

1465.20 Hz (see equation below)
counter error

Error = f (Hz) X 1,000,000

10
= X ——— = 1465.20 H
Error = 146,520,000 Hz 1,000,000 65.20Hz

E4B07

How much power is being absorbed by the laden a directional power meter connected
between a transmitter and a terminating load reads 100 watts forward power and 25 watts
reflected power?

75 watts (see equation below)

Load Absorbtion = Forward Power - Reflected Power

Load Absorbtion = 100 watts — 25 watts = 75 watts

E4B08
Which of the following is good practice when using an oscilloscope probe?

Keep the ground connection of the probe as short as possible

E4B09
Which of the followirg is a characteristic of a good DC voltmeter?

High impedance input

E4B10

What is indicated if the current reading on an RF ammeter placed in series with the antenna
feedline of a transmitter increases as the transmitter is tuned to resonance?

There is more power going into the antenna
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E4B11
Which of the following describes a method to measure intermodulation distortion in an SSB
transmitter?

Modulate the transmitter with two non-harmonically related audio frequencies and observe the RF
output with a spectrum analyzer

E4B12

How should a portable SWR analyzer be connected when measuring antenna resonance and
feedpoint impedance?

Connect the antenna feed line directly to the analyzer's connector

E4B13
What is the significance of voltmeter sensitivigpeessed in ohms per volt?

The full scale reading of the voltmeter multiplied by its ohms per volt rating will provide the input
impedance of the voltmeter

E4B14
How is the compensation of an oscilloscope probe typically adjusted?

A square wave is observed and the probe is adjusted until the horizontal portions of the displayed
wave is as nearly flat as possible

E4B15
What happens if a dipeter is too tightly coupled to a tuned circuit being checked?

A less accurate reading results

E4B16
Which of thesdactors limits the accuracy of a D'Arsomtgpe meter?

Coil impedance

E4B17
Which of the following can be used as a relative measurement of the Q for gweesircuit?

The bandwidth of the circuit's frequency response
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E4C Receiver performance characteristics, part 1: phase noise, capture effect,
noise floor, image rejection, MDS, signal-to-noise-ratio; selectivity

E4CO01
What is the effect of excessive phase noise in the local oscillator section of a receiver?

It can cause strong signals on nearby frequencies to interfere with reception of weak signals

E4C02
Which of the following is the result of the capture effect in an FM receiver?

The strongest signal received is the only demodulated signal

E4C03
What is the term for the blocking of one FMone signal by another, stronger FM phone signal?

Capture effect

E4C04
What is meant by the noise floor of a receiver?

The equivalent input noise power when the antenna is replaced with a matched dummy load

E4C05
What does a value e174 dBm/Hz repreent with regard to the noise floor of a receiver?

The theoretical noise at the input of a perfect receiver at room temperature

E4C06
The thermal noise value of a receiverig4 dBm/Hz. What is the theoretically best minimum
detectable signal for a 48z bandwidth receiver?
-148 dBm
Step 1:Calculate the noise figure
Noise Figure = 10 x log(bandwidth factor)
Noise Figure = 10 X log(400 Hz) = 26.02 dB
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Step2: Calculate the noise floor
Noise Floor = MDS + Noise Figure
Noise Floor = —174dBm + 26 = —148dBm

Hint: MDS is the minimum discernible signal. In this case it is given as the thermal noise value
of the receiveri 174 dBm/Hz The noise floor ishe theoretical best minimum signal the receiver
can detect.

E4C07
What does the MDS of a receiver represent?

The minimum discernible signal

E4C08
How might lowering the noise figure affect receiver performance?

It would increase signal to noise ratio

E4C09

Which of the following is most likely to be the limiting condition for sensitivity in a modern
communications receiver operating at 14 MHz?

Atmospheric noise

E4C10
Which of the following is a desirable amount of selectivity for an amateur RTT e&Htver?

300 Hz

E4C11

Which of the following is a desirable amount of selectivity for an amateur ssidgand phone
receiver?

2.4 kHz

E4C12
What is an undesirable effect of using too wide a filter bandwidth in the IF section of a receiver?

Undesired signals may be heard
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E4C13
How does a narrow band roofing filter affect receiver performance?

It improves dynamic range by keeping strong signals near the receive frequency out of the IF
stages

E4C14
Which of these choices is a desirable amount of $ekydior an amateur VHF FM receiver?

15 kHz

E4C15

What is the primary source of noise that can be heard from araRidFreceiver with an antenna
connected?

Atmospheric noise
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E4D Receiver performance characteristics, part 2: blocking dynamic range,
intermodulation and cross-modulation interference; 3rd order intercept;
desensitization; preselection

E4D01
What is meant by the blocking dynamic range of a receiver?

The difference in dB between the level of an incoming signal which will cause 1 dB of gain
compression, and the level of the noise floor

E4D02

Which of the following describes two types of problems caused by poor dynamic range in a
communications receiver?

Cross modulation of the desired signal and desensitization from strong adjacent signals

E4D03
How can intermodulation interference between two repeaters occur?

When the repeaters are in close proximity and the signals mix in one or both transmitter final
amplifiers

E4D04

What is an effective way to reduce or eliminate intermodulationfémece between two
repeater transmitters operating in close proximity to one another?

By installing a properly terminated circulator at the output of the transmitter

E4DO05

If a receiver tuned to 146.70 MHz receives an intermodukgdioduct signal wheever a nearby
transmitter transmits on 146.52 MHz, what are the two most likely frequencies for the other
interfering signal?

146.34 MHz and 146.61 MHz (see equations below)

f2 =@ X f1)— fimp
f, = (2 x 146.52) —146.70 = 146.34 MHz

_Jmmp *+ [1
f2 = 12
146.70 + 146.52
2 = > =146.61 MHz
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E4D06

If the signals of two transmitters mix together in one or both of their final amplifiers, and
unwanted signals at the sum and difference frequencies of the original signals are generated,
what is this called?

Intermodulation interference

E4DO7

Which of the following describes the most significant effect of atfretfuency signal when it is
causing crossnodulation interference to a desired signal?

The off-frequency unwanted signal is heard in addition to the desired signal

E4D08
What causes intermodulation in an electronic circuit?

Nonlinear circuits or devices

E4D09
What is the purpose of the preselector in a communications receiver?

To improve rejection of unwanted signals

E4D10
Whatdoes a thirebrder intercept level of 40 dBm mean with respect to receiver performance?

A pair of 40 dBm signals will theoretically generate the same output on the third order
intermodulation frequency as on the input frequency

E4D11

Why are thirdorderintermodulation products within a receiver of particular interest compared to
other products?

The third-order product of two signals which are in the band is itself likely to be within the band

E4D12

What is the term for the reduction in receiver sengjtisaused by a strong signal near the
received frequency?

Desensitization
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E4D13
Which of the following can cause receiver desensitization?

Strong adjacent-channel signals

E4D14
Which of the following is a way to reduce the likelihood of receiver detseatson?

Decrease the RF bandwidth of the receiver
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E4E Noise suppression: system noise; electrical appliance noise; line noise;
locating noise sources; DSP noise reduction; noise blankers

E4EO01

Which of the following types of receiver noise can oftemdaiiced by use of a receiver noise
blanker?

Ignition Noise

E4E02
Which of the following types of receiver noise can often be reduced with a DSP noise filter?

A.Broadband Awhiteodo noise
B. Ignition noise
C. Power line noise

D. All of these choices are correct

E4EOQ3

Which of the following signals might a receiver noise blanker be able to remove from desired
signals?

Signals which appear correlated across a wide bandwidth

E4E04
How can conducted and radiated noise caused by an automobile alternat@rbssadg?

By connecting the radio's power leads directly to the battery and by installing coaxial capacitors
in line with the alternator leads

E4E05
How can noise from an electric motor be suppressed?

By installing a brute-force AC-line filter in series with the motor leads

E4E06
What is a major cause of atmospheric static?

Thunderstorms
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E4E07
How can you determine if linroise interference is being generated within your home?

By turning off the AC power line main circuit breaker and listening on a battery-operated radio

E4E08
What type of signal is picked up by electrical wiring near a radio transmitter?

A common-mode signal at the frequency of the radio transmitter

E4E09
What undesirable effect can occur when using an IF type noise blanker?

Nearby signals may appear to be excessively wide even if they meet emission standards

E4E10
What is a common characteristic of interference caused by a "touch controlled" electrical device?

A. The interfering signal sounds like AC hum on an AM receiver or a carrier modulated by 60 Hz
FM on a SSB or CW receiver

B. The interfering signal may drift slowly across the HF spectrum

C. The interfering signal can be several kHz in width and usually repeats at regular intervals
across a HF band

D. All of these answers are correct

E4E11

What is the most likely cause if you are hearing combinations of local AM broadcast signals
inside one or more of the MF or HF ham bands?

Nearby corroded metal joints are mixing and re-radiating the BC signals

E4E12

What is one disadvaiage of using some automatic DSP ndiltars when attempting to copy
CW signals?

The DSP filter can remove the desired signhal at the same time as it removes interfering signals
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E4E13

What might be the cause of a loud "roaring" or "buzzing" AC line tfpinterference that comes
and goes at intervals?

A. Arcing contacts in a thermostatically controlled device
B. A defective doorbell or doorbell transformer inside a nearby residence
C. A malfunctioning illuminated advertising display

D. All of these answers are correct

E4E14

What is one type of electrical interference that might be caused by the operation of a nearby
personal computer?

The appearance of unstable modulated or unmodulated signals at specific frequencies
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Subelement E5 & Electrical Principles

E5A Resonance and Q: characteristics of resonant circuits: series and parallel
resonance; Q; half-power bandwidth; phase relationships in reactive circuits

ES5A01

What can cause the voltage across reactances in series to be larger than the voltage applied to
them?

Resonance

E5A02
What is resonance in an electrical circuit?

The frequency at which the capacitive reactance equals the inductive reactance

E5A03
What is the magnitude of the impedance of a series@Rcircuit at resonance?

Approximately equal to circuit resistance

E5A04

What is the magnitude of the impedance of a circuit with a oesest inductor and a capacitor
all in parallel, at resonance?

Approximately equal to circuit resistance

E5A05

What is the magnitude of the current at the input of a serie<CReircuit as the frequency goes
through resonance?

Maximum

E5A06

What is themagnitude of the circulating current within the components of a paralleticcuit
at resonance?

It is at a maximum
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E5A07
What is the magnitude of the current at the input of a parallel(Rcircuit at resonance?

Minimum

ESA08

What is the phaseslationship between the current through and the voltage across a series
resonant circuit?

The voltage and current are in phase

E5A09

What is the phase relationship between the current through and the voltage across a parallel
resonant circuit?

The voltage and current are in phase

ES5A10

What is the halpower bandwidth of a parallel resonant circuit that has a resonant frequency of
1.8 MHz and a Q of 957

18.9 kHz (see equation below)

Half power bandwidth = %
1,800,000 Hz
Half power bandwidth = — g = 18947 Hz = 18.9 kHz

E5A11

What is the halpower bandwidth of a parallel resonant circuit that has a resonant frequency of
7.1 MHz and a Q of 1507

47.3 kHz (see equation below)

Half power bandwidth = %
7,100,000 Hz
Half power bandwidth = ————— = 47333 Hz =47.3 kHz

150
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E5A12

What is the halpower bandwidth of a parallel resonant circuit that has a resonant frequency of
3.7 MHz and a Q of 118?

31.4 kHz (see equation below)

Half power bandwidth = %
3,700,000 Hz
Half power bandwidth = — 118 - 31356 Hz = 31.4 kHz

E5A13

What is the halpower bandwidth of a parallel resonant circuit that has a resonant freqpfency
14.25 MHz and a Q of 187?

76.2 kHz (see equation below)

Half power bandwidth = %
14.250,000 Hz
Half power bandwidth = 187 = 76203 Hz =76.2kHz
E5A14

What is the resonant frequency of a series Rit€uit if R is 22 ohms, L is 50 microhenrys and
C is 40 picofarads?

3.56 MHz (see equation below)

1
fr= 2wVLC
1

fr = = 3,558,812 Hz = 3.56 MHz
2m X /(50 x 1076) x (40 x 10-12)

Hint: Ignore the resistancA microhenry is 18 henrys. A picofarad is 10 farads. You can
add the exponents of similar exponential numbers to simplify this equation as follows:

1
21 x /(50 x 40 x 10-15)

fr
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E5A15

What is the resonant frequency of a series RLC circuit if R is 56 ohms, L is 40 microheahrys an
C is 200 picofarads?

1.78 MHz (see equation below)

1
fr= 2w VLC
1

fr = = 1,779,406 Hz = 1.78 MHz
21 X /(40 x 1076) x (200 x 10-12)

Hint: Ignore the resistancA microhenry is 18 henrys. A picofarad is 10 faracs. You can
add theexponents of similar exponential numbers to simplify this equation as follows:

1
21 x /(40 x 200 x 10-16)

fr

E5A16

What is the resonant frequency of a parallel RLC circuit if R is 33 ohms, L is 50 microhenrys
and C is 10 picofarads?

7.12 MHz (see equation below)

1
fr= 2mVLC
1

fr = = 7,117,626 Hz = 7.12 MHz
2m X /(50 x 1076) x (10 x 10712)

Hint: Ignore the resistance. A microhenry is®lifenrys. A picofarad is 16 farads. You can
add the exponents of similar exponential numbers to simplify this equation as follows:

1
" 21 x /(50 x 10 x 10-15)

fr
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ES5A17

What is the resonant frequency of a parallel RLC circuit if R is 47 ohms, L is 25 microhenrys
and C is 1(picofarads?

10.1 MHz (see equation below)

1
fr= 2nVLC

1

fr = = 10,065,842 Hz = 10.1 MHz
2m X /(25 x 1076) x (10 x 10712)

Hint: Ignore the resistance. A microhenry is®lifenrys. A picofarad is 1¢ farads. You can
add the exponents of similar exponential numbers to simplify this equation as follows:

1
fr =
2m X /(25 x 10 x 10718)
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E5B Time constants and phase relationships: R/L/C time constants: definition;
time constants in RL and RC circuits; phase angle between voltage and current;
phase angles of series and parallel circuits

E5BO1

What is the term for the time required for the capacitor in an RC circuit to be charged to 63.2%
of the supply voltage?

One time constant

E5B02

What is the term for theéme it takes for a charged capacitor in an RC circuit to discharge to
36.8% of its initial value of stored charge?

One time constant

E5BO03

The capacitor in an RC circuit is discharged to what percentage of the starting voltage after two
time constants?

13.5%

E5B04

What is the time constant of a circuit having two -2@@rofarad capacitors and twemiegohm
resistors all in parallel?

220 seconds (see equations below)

Step 1: Calculate the resistance in the parallel circuit

Rr (parallel) = 1
— + J— + cee + R_

Rr (parallel) = = 0.5 megQ

1 + 1
1megl = 1megll

Step2: Calculate thecapactance in the parallel circuit
Cr (parallel) = C; + C; + - + C,
Cr (parallel) = 220 uF + 220 uF = 440 uF

Courtesy W5JCK, Copyright © 2008 by Ceburn Jack Swinden Page 58 of 156






