G9D05 (D)

What is the advantage of vertical stacking of horizontally polarized Yagi
antennas?

A. Allows quick selection of vertical or horizontal polarization

B. Allows simultaneous vertical and horizontal polarization

C. Narrows the main lobe in azimuth

D. Narrows the main lobe in elevation

In this case, the main lobe elevation is narrowed so Answer D is the right choice.

G9D06 (A)

Which of the following is an advantage of a log periodic antenna?
A. Wide bandwidth

B. Higher gain per element than a Yagi antenna

C. Harmonic suppression

D. Polarization diversity

Log periodic antennas are known for having a wide bandwidth so Answer A is the one
to choose.

G9D07 (A)

Which of the following describes a log periodic antenna?

A. Length and spacing of the elements increases logarithmically from one end
of the boom to the other

B. Impedance varies periodically as a function of frequency

C. Gain varies logarithmically as a function of frequency

D. SWR varies periodically as a function of boom length

By looking at the graphic, we can see that the antenna elements are not evenly spaced and the length of each element
gradually increases. This matches the description of Answer A.

G9D08 (B)

Why is a Beverage antenna generally not used for transmitting?
A. Its impedance is too low for effective matching

B. It has high losses compared to other types of antennas

C. It has poor directivity

D. All of these choices are correct

Beverage antennas are highly directive so Answer C is incorrect. If Answer C is incorrect, then Answer D is also

incorrect. While it has low radiation resistance, that does not mean that it cannot be matched. The correct reason is
in Answer B because typical gains are -20 to -10 dB implying a large loss in the antenna.
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G9D09 (B)

Which of the following is an application for a Beverage antenna?
A. Directional transmitting for low HF bands

B. Directional receiving for low HF bands

C. Portable Direction finding at higher HF frequencies

D. Portable Direction finding at lower HF frequencies

Beverage antennas are mostly used for receiving so Answer B is correct. Because they are very large antennas, they
are not good for direction finding activities because they typically are not moved once installed.

G9D10 (D)

Which of the following describes a Beverage antenna?

A. A vertical antenna constructed from beverage cans

B. A broad-band mobile antenna

C. A helical antenna for space reception

D. A very long and low receiving antenna that is highly directional

The correct text description of a Beverage antenna is given in Answer D. Answer A is a silly distraction answer.

G9D11 (D)

Which of the following is a disadvantage of multiband antennas?
A. They present low impedance on all design frequencies

B. They must be used with an antenna tuner

C. They must be fed with open wire line

D. They have poor harmonic rejection

Because multi-band antennas need to transmit across many amateur bands and the amateur bands have harmonic
relationships, this type of antenna cannot be designed for harmonic suppression without compromising performance.
This makes Answer D the right choice.

G9D12 (A)

What is the primary purpose of traps installed In antennas?
A. To permit multiband operation

B. To notch spurious frequencies

C. To provide balanced feed-point impedance

D. To prevent out of band operation

Traps are inductors that allow the antenna to be tuned across multiple bands. This permits multiband operation as in
Answer A.
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Subelement GO - Electrical and RF Safety

GOAO1 (A)

What is one way that RF energy can affect human body tissue?
A_ It heats body tissue

B. It causes radiation poisoning

C. It causes the blood count to reach a dangerously low level
D. It cools body tissue

As you may suspect, answer D is not true. Answer B is generally most concerned with effects caused by energetic
particles and high-energy electromagnetic radiation and not the lower-energy RF radiation found in amateur radio so
is not the best choice. Answer C is also not true for the RF radiation used in amateur rigs. The best choice among
the options given is answer A.

GOAO2 (B)

Which property is NOT important in estimating if an RF signal exceeds the
maximum permissible exposure (MPE)?

A. Its duty cycle

B. Its critical angle

C. Its power density

D. Its frequency

The properties in answers A, C, and D are all important so they are not the right answer to this question since we are
searching for a wrong answer. The critical angle of answer B has to do with the RF radiation exiting the atmosphere
so it is a wrong property for making the estimate of radiation damage to the body and it is the right answer to this
question.

GOA03 (B)

Which of the following has the most direct effect on the permitted exposure
level of RF radiation?

A. The age of the person exposed

B. The power level and frequency of the energy

C. The environment near the transmitter

D. The type of transmission line used

The permitted exposure levels are broken down by frequency because that is the most sensitive parameter which
makes answer B the right choice. Answer A will not be much of a factor because human tissue reacts basically the
same at any age. Answers C is true but it is not as good a choice as answer B.

GOA04 (D)

What does "'time averaging'” mean in reference to RF radiation exposure?

A. The average time of day when the exposure occurs

B. The average time it takes RF radiation to have any long-term effect on the
body

C. The total time of the exposure

D. The total RF exposure averaged over a certain time

Answer A is intended to give you a bit of a grin and it is eliminated. Answers B, C, and D may all look reasonable

on the surface but only answer D contains the correct definition for time averaging. The other two are to distract
you.

Electrical and RF Safety -122-



GOAO5 (A)

What must you do if an evaluation of your station shows RF energy radiated

from your station exceeds permissible limits?

A. Take action to prevent human exposure to the excessive RF fields

B. File an Environmental Impact Statement (EI1S-97) with the FCC

C. Secure written permission from your neighbors to operate above the
controlled MPE limits

D. All of these answers are correct

Answer B is incorrect since the EIS is not required in this case. Answer C is not correct — the government will not
allow the neighbors to overrule the standard. Answer D is also incorrect because action is required when the limits
are exceeded. Answer A provides the best response for this question — you must take action to correct the situation.

GOA06 (0O)

Which transmitter(s) at a multiple user site is/are responsible for RF safety
compliance?

A. Only the most powerful transmitter on site

B. All transmitters on site, regardless of their power level or duty cycle

C. Any transmitter that contributes 5% or more of the MPE

D. Only those that operate at more than 50% duty cycle

While we learned in the Technician Class that by good engineering practice, all transmitters should be involved in
site evaluation. However, this question and a following question address the minimal legal requirements for site
evaluation under OET Bulletin 65. The formulation for the minimum requirements for the multiple station
evaluation are given in Answer C so this is the best choice to answer this question. Answers A, B and D do not
conform to the rules so they are incorrect.

GOAO7 (A)

What effect does transmitter duty cycle have when evaluating RF exposure?

A_. A lower transmitter duty cycle permits greater short-term exposure levels

B. A higher transmitter duty cycle permits greater short-term exposure levels

C. Low duty cycle transmitters are exempt from RF exposure evaluation
requirements

D. Only those transmitters that operate at a 100% duty cycle must be evaluated

Answers C and D are untrue statements according to the rules and are eliminated. Answer B is just the opposite of
the true statement so it is out too. Answer A is the correct choice for this question.

GOAO8 (C)

Which of the following steps must an amateur operator take to ensure
compliance with RF safety regulations?

A. Post a copy of FCC Part 97 in the station

B. Post a copy of OET Bulletin 65 in the station

C. Perform a routine RF exposure evaluation

D. All of these choices are correct

Merely posting a copy of the rules does not ensure compliance so answers A and B are not correct. This makes
Answer D incorrect. Only answer C might be a help so it is the best choice for this question.
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GOA09 (B)

What type of iInstrument can be used to accurately measure an RF field?
A. A receiver with an S meter

B. A calibrated field-strength meter with a calibrated antenna

C. A betascope with a dummy antenna calibrated at 50 ohms

D. An oscilloscope with a high-stability crystal marker generator

An S meter is a crude relative measurement so answer A is out. A betascope detects beta particles (electrons) and
will not measure RF energy so answer C is out. Answer D is used in checking the frequency of the carrier and not
the field strength so it is not appropriate in this context. The correct way to make the measurement is the one given
in answer B.

GOA10 (D)

What do the RF safety rules require when the maximum power output capability
of an otherwise compliant station is reduced?

A. Filing of the changes with the FCC

B. Recording of the power level changes in the log or station records

C. Performance of a routine RF exposure evaluation

D. No further action is required

If you were in compliance at the higher power, then you will still be in compliance at the lower power so no further
action is required. Answer D is in compliance with the rules while the other choices are not.

GOA11 (C)

What precaution should you take if you install an indoor transmitting antenna?

A. Locate the antenna close to your operating position to minimize feed line
radiation

B. Position the antenna along the edge of a wall to reduce parasitic radiation

C. Make sure that MPE limits are not exceeded in occupied areas

D. No special precautions are necessary if SSB and CW are the only modes used

Because this is an indoor antenna, we must be careful about exposure to the building occupants. Therefore, answer
C is the best choice for this question. Answers A, B, and D are not concerned with protecting the occupants so they
are eliminated.

GOA12 (B)

What precaution should you take whenever you make adjustments or repairs to an
antenna?

A. Ensure that you and the antenna structure are grounded

B. Turn off the transmitter and disconnect the feedline

C. Wear a radiation badge

D. All of these answers are correct

Of the choices given, only answer B will prevent RF radiation from being emitted so it is the best choice for this
question. The others do not contribute to RF safety.
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GOA13 (D)

What precaution should be taken when installing a ground-mounted antenna?

A_. 1t should not be installed higher than you can reach

B. It should not be installed in a wet area

C. It should be painted so people or animals do not accidentally run into it

D. It should be installed so no one can be exposed to RF radiation in excess
of maximum permissible limits

Since we are dealing with RF safety, only answer D will insure that the system is safe. The other answers do not
address RF safety.

GOA14 (D)

What is one thing that can be done if evaluation shows that a neighbor might

receive more than the allowable limit of RF exposure from the main lobe of a

directional antenna?

A. Change from horizontal polarization to vertical polarization

B. Change from horizontal polarization to circular polarization

C. Use an antenna with a higher front-to-back ratio

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

Changing the polarization will not change the power density radiated towards your neighbors so answers A and B
are eliminated. Answer C may actually increase the radiation towards the neighbors so it is out too. Answer D is the
correct choice for this question.

GOA1l5 (D) [97.13(c)(D)]

How can you determine that your station complies with FCC RF exposure
regulations?

A. By calculation based on FCC OET Bulletin 65

B. By calculation based on computer modeling

C. By measurement of field strength using calibrated equipment

D. All of these choices are correct

The Part 97 rules state that before “causing or allowing an amateur station to transmit from any place where the
operation of the station could cause human exposure to RF electromagnetic field levels in excess of those allowed
under Sec. 1.1310 of this chapter, the licensee is required to take certain actions.” The actions are to perform a
station evaluation using the methods given in Answers A, B, and C. This makes Answer D the best choice.

GOBO1 (A)

Which wire(s) in a four-conductor line cord should be attached to fuses or
circuit breakers in a device operated from a 240-VAC single-phase source?
A. Only the "hot"™ (black and red) wires

B. Only the "neutral™ (white) wire

C. Only the ground (bare) wire

D. All wires

The neutral and ground wires in answers B and C should not be fused to ensure proper circuit operation when faults

occur so they are wrong answers. Answer D is also wrong because it would include fusing the neutral and ground.
The correct choice is answer A.
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GOB02 (©O)

What is the minimum wire size that may be safely used for a circuit that draws
up to 20 amperes of continuous current?

A. AWG number 20

B. AWG number 16

C. AWG number 12

D. AWG number 8

You need to remember that the 12-gauge wire in answer D is rated for 20 amps. The wire gauges listed in answers
A, B, and C are rated at lower currents so they are not the correct answer.

GOB0O3 (D)

Which size of fuse or circuit breaker would be appropriate to use with a
circuit that uses AWG number 14 wiring?

A. 100 amperes

B. 60 amperes

C. 30 amperes

D. 15 amperes

14-gauge wire is rated for 15 amps at most so Answer D is the right choice. Using any of those higher current could
be a safety hazard.

GOB0O4 (A)

What is the mechanism by which electrical shock can be lethal?
A_. Current through the heart can cause the heart to stop pumping
B. A large voltage field can induce currents in the brain

C. Heating effects In major organs can cause organ failure

D. All of these choices are correct

Electric shocks become lethal when they disrupt the heart. This makes Answer A the correct choice.

GOBO5 (B)

Which of the following conditions will cause a Ground Fault Circuit
Interrupter (GFClI) to disconnect the 120 or 240 Volt AC line power to a
device?

A_. Current flowing from the hot wire to the neutral wire

B. Current flowing from the hot wire to ground

C. Over-voltage on the hot wire

D. All of these choices are correct

The ground fault interrupter looks for current on the ground wire. This makes Answer B the correct choice.

GOB0O6 (D)

Why must the metal chassis of every item of station equipment be grounded
(assuming the item has such a chassis)?

A. It prevents blowing of fuses iIn case of an internal short circuit

B. It provides a ground reference for the internal circuitry

C. It ensures that the neutral wire is grounded

D. It ensures that hazardous voltages cannot appear on the chassis

If all of the chassis of every item in the shack is tied to the station ground, then hazardous voltages will be directed
to the ground and not to the person touching the chassis. This makes Answer D the best choice here. Answer b is
close because many circuits have their grounds tied to the chassis. However, unless the chassis is tied to ground,
you could be shocked.
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GOBO7 (B)

Which of the following should be observed for safety when climbing on a tower

using a safety belt or harness?

A. Never lean back and rely on the belt alone to support your weight

B. Always attach the belt safety hook to the belt "D" ring with the hook
opening away from the tower

C. Ensure that all heavy tools are securely fastened to the belt D ring

D. Make sure that your belt is grounded at all times

Answer B will keep any accidental brushes against the tower from opening the safety harness so this is the best
answer here. Answer A is probably a good idea but not as good as Answer B. Answer C is not a good choice.
Answer D will be difficult to accomplish and of little value.

GOB08 (B)

What should be done by any person preparing to climb a tower that supports

electrically powered devices?

A. Notify the electric company that a person will be working on the tower

B. Make sure all circuits that supply power to the tower are locked out and
tagged

C. Ground the base of the tower

D. Disconnect the feed-line for every antenna at the station

Answer B makes sure that all powered devices are disabled so it is the best choice. Answer D is a good idea but it
does not help with other powered devices around the tower. Answers A and C will not prevent electrical hazards.

GOB09 (D)

Why is i1t not safe to use soldered joints with the wires that connect the base

of a tower to a system of ground rods?

A_. The resistance of solder is too high

B. Solder flux will prevent a low conductivity connection

C. Solder has too high a dielectric constant to provide adequate lightning
protection

D. A soldered joint will likely be destroyed by the heat of a lightning strike

All of the reasons given in Answers A, B, and C are electrically untrue. Answer D is correct since the lightening
could melt the solder.

GOB10 (A)

Which of the following is a danger from lead-tin solder?

A. Lead can contaminate food if hands are not washed carefully after handling
B. High voltages can cause lead-tin solder to disintegrate suddenly

C. Tin in the solder can "cold flow" causing shorts in the circuit

D. RF energy can convert the lead into a poisonous gas

Answers B, C, and D are all untrue. Answer A is correct which is one reason that the electronics industry is moving
away from lead wherever possible.

GoB11 (D)

Which of the following is good engineering practice for lightning protection
grounds?

A_. They must be bonded to all buried water and gas lines

B. Bends in ground wires must be made as close as possible to a right angle
C. Lightning grounds must be connected to all ungrounded wiring

D. They must be bonded together with all other grounds
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Lightening protection grounds are to be bonded with other grounds so Answer D is the right choice. Electrically,
each of the other statements is untrue.

GOB12 (©O)

What is the purpose of a transmitter power supply interlock?

A_. To prevent unauthorized access to a transmitter

B. To guarantee that you cannot accidentally transmit out of band

C. To ensure that dangerous voltages are removed if the cabinet is opened
D. To shut off the transmitter if too much current is drawn

The best reason is given in Answer C because that promotes electrical safety. Answer A is a good reason but not as
good as Answer C. Answer B is not possible with a simple interlock. Answer D is called a fuse.

G0OB13 (B)

Which of the following is the most hazardous type of electrical energy?
A. Direct Current

B. 60 cycle Alternating current

C. Radio Frequency

D. All of these choices are correct

We have RF energy passing through us every day without harm so Answer C is eliminated from consideration. This
also means that Answer D is incorrect. Answer B is the correct choice. Interestingly, the hazards of 60 Hz current
was listed as a reason not to have AC when the country was deciding AC versus DC for the commercial electrical
power grid

GOB14 (B)

What is the maximum amount of electrical current flow through the human body
that can be tolerated safely?

A_. 5 microamperes

B. 50 microamperes

C. 500 milliamperes

D. 5 amperes

50 mA directly across the heart is enough to disrupt heart rhythms. Anything more than that is to be avoided. This
makes Answer B the correct choice.
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Appendix - Tables and References

Band Usage Summary
Freq. Band Designator General Data Rate Voice GAE
Authorization (baud) Side Band Max. Power
435 MHz 70 cm UHF 420 — 450 MHz 56 k Upper 1500 W
whole band
223 MHz 1.25m VHF 222 — 225 MHz 56 k Upper 1500 W
whole band
144 MHz 2m VHF 144 — 148 MHz 19.6 k Upper 1500 W
whole band
50 MHz 6m VHF 50.0 - 54.0 MHz 19.6 k Upper 1500 W
whole band
28000 kHz 10 m HF 28000 — 29700 kHz 1200 Upper 1500 W
whole band
24900 kHz 12m HF 24800 — 24990 kHz 300 Upper 1500 W
whole band
21000 kHz 15m HF 21025 - 21200 kHz 300 Upper 21.1-21.2-200 W
21300 — 21450 kHz elsewhere — 1500 W
18000 kHz 17 m HF 18068 — 18168 kHz 300 Upper 1500 W
whole band
14000 kHz 20 m HF 14025 — 14150 kHz 300 Upper 1500 W
14225 — 14350 kHz whole band
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Band Usage Summary
Freq. Band Designator General Data Rate Voice GAE
Authorization (baud) Side Band Max. Power
10100 kHz 30m HF 10100 — 10150 kHz 300 not allowed 200 W
whole band
7000 kHz 40m HF 7025 — 7150 kHz 300 Lower 7100 - 7150 — 200 W
7225 - 7300 kHz elsewhere — 1500 W
only use 60 m HF 5330.5, 5346.5, not Upper 50 W PEP relative to a A/2 dipole
one of the 5366.5, 5371.5 allowed
channels 5403.5 kHz
3900 kHz 75m HF 3850 — 4000 kHz 300 Lower 1500 W
whole band
3500 kHz 80m HF 3525 — 3750 kHz 300 Lower 3675 -3725-200 W
elsewhere — 1500 W
1900 kHz 160 m MF 1800 — 2000 kHz 300 Lower 1500 W
whole band
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Band Designations

Band Frequency Range
ultra-low frequency (ULF) <3 Hz
extremely low frequency (ELF) 3 Hz-3kHz
very low frequency (VLF) 3-30kHz
low frequency (LF) 30 - 300 kHz

medium frequency (MF)

300 kHz - 3 MHz

high frequency (HF) 3-30 MHz
very high frequency (VHF) 30 - 300 MHz
ultra high frequency (UHF) 300 MHz - 3 GHz
super high frequency (SHF) 3-30GHz
extremely high frequency (EHF) 30 - 300 GHz

Useful Equations

PEP =[PEV?2]+(2R,)

Ohm’s Law E =RI E ~ voltage (Volts)
I ~ current (Amperes)
I =E/R R ~ resistance (Ohms, Q)
R=E/I
Power P =El P ~ power (Watts)
P=E?/R
P=I°R
Decibels P
dB =10log [—Zj
A
RMS Voltage Vs =0.707PEV PEV ~ Peak Envelope Voltage

PEP ~ Peak Envelope Power
R, ~ Load Resistance
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Transformer
Turns

Useful Equations
Es ~ secondary voltage
Ep ~ primary voltage

(= N, Ns ~ number of secondary turns

Np ~ number of primary turns
& - [ Ns ] Rs ~ secondary resistance

R B N_P Rp ~ primary resistance

FM Bandwidth BW =2(D+M) D ~ maximum deviation
(Carson’s Rule) M ~ maximum input signal frequency
Wavelength P 036
(feet) ~F(MH2)
Dipole Antenna
P 1/2-wave: A /2= 468
f (MHz)
Yagi Antenna
: Driven Element: /2 = 468
f (MHz)

Director Element: 95% of the length of the driven element
Reflector Element: 105% of the length of the driven element

Cubical Quad Driven Element (ft): 1005/ f (in MHz) / 4
Antenna Director Element (ft): 975/ f (in MHz) / 4
Reflector Element (ft): 1030/ f (in MHz) / 4
Delta Loop Driven Element (ft): 2005/ f (in MHz) / 3
Antenna Reflector Element (ft): 1030/ f (in MHz) / 3

Field Strength

Field Strength,  Distance,
Field Strength,  Distance,

Power Density

Power Density,  (Distance,)’
Power Density,  (Distance,)’
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Web Sites

http://www.spaceweather.com/
http://www.sunspots.com

Beacons http://www.ncdxf.org

Propagation http://www.arrl.org/wlaw/prop

Bulletins can sign up there for e-mail delivery of bulletins
Solar Activity http://www.sec.noaa.gov/today.html

RF Safety http://www.fcc.gov/oet/rfsafety/

FCC Amateur http://wireless.fcc.qov/services/amateur/

Radio Service

FCC Part 97 http://wireless.fcc.qov/rules.html

Digital Modes

Web Site

Contents

http://www.aintel.bi.ehu.es/psk31.html

PSK 31 Home Page

http://www.qsl.net/z11bpu/MFESK/

MFSK16 Home Page

http://users.mesatop.com/~ghansen/

HamScope control software for
PSK31, MFSK16, RTTY

http://members.home.net/hteller/digipan/download.htm

DigiPan control software for PSK31

http://www.gsl.net/ae4jy/

WinPSK control software for
PSK31

http://iz8bly.sysonline.it/Stream/index.htm

Stream control software for
MFSK16

http://www.westmountainradio.com/

RigBlaster PC/rig control interface

Time and Frequency Services

Station Frequencies

WWV 25,5, 10, 15, 20 MHz

WWVH 2.5,5,10, 15 MHz

CHU 3.330, 7.335 MHz, 14.670 MHz
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A RRL AMATEUR RADIO
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225 Main Street, Newington, CT USA 06111-1494

US Amateur Radio Bands

US AMATEUR POWER LIMITS

At all times, transmitter power should be kept down to that necessary to carry out the desired communications.
Power is rated in watts PEP output. Except where noted, the maximum power output is 7500 Watts.

Effective Date
February 23, 2007

160 Meters (1.8 MHz)

Avoid interference to radiolocation operations
from 1900 to 2000 kHz

E.AG
1800 1900

80 Meters (3.5 MHz)
3500 3600 3700

2000 kHz

4000 kHz

E
A
G

N,T
3800 (200 W)
3525 3600

60 Meters (5.3 MHz) ysg oniy
2.8 kHZ

T T T 1
5330.5 5346.5 5366.5 5371.5 5403.5 kHz

General, Advanced, and Amateur Extra licensees may use
the following five channels on a secondary basis with a
maximum effective radiated power of 50 W PEP relative to a
half wave dipole. Only upper sideband suppressed carrier
voice transmissions may be used. The frequencies are
5330.5, 5346.5, 5366.5, 5371.5 and 5403.5 kHz. The
occupied bandwidth is limited to 2.8 kHz centered on 5332,
5348, 5368, 5373, and 5405 kHz respectively.

40 Meters (7 MHz)

7000 7125

7300 kHz

ET
AT
GT

N, T
7175 (200 W)
7025 7125

T Phone and Image modes are permitted between 7075 and

7100 kHz for FCC licensed stations in ITU Regions 1 and 3 and
by FCC licensed stations in ITU Region 2 West of 130 degrees

West longitude or South of 20 degrees North latitude. See

Sections 97.305(c) and 97.307(f)(11). Novice and Technician

licensees outside ITU Region 2 may use CW only between

7025 and 7075 kHz. See Section 97.301(e). These exemptions

do not apply to stations in the continental US.

E,AG
l (50 Watts)

30 Meters (10.1 MHz)

Avoid interference to fixed services outside the US.

200 Watts PEP E.AG

10,100 10,150 kHz

20 Meters (14 MHz)

14,000 14,150 14,350 kHz

E
A

14,175 G

14,025 14,150 14,225

17 Meters (18 MHz)
EAG

18,068 18,110 18,168 kHz

15 Meters (21 MHz)

21,000 21,200 21,450 kHz

21,025 21,200

12 Meters (24 MHz)

E.AG

24,890 24,990 kHz

24,930

10 Meters (28 MHz)

28,000 28,300 29,700 kHz

E.AG

N,T
(200 W)

28,000 28,500

50.1 6 Meters (50 MHz)

50.0

144.1 2 Meters (144 MHz)

EAGT

144.0 148.0 MHz

1.25 Meters (222 MHz)

EAGT

N (25 Watts)

225.0 MHz

*Geographical and power restrictions may apply to all bands
above 420 MHz. See The ARRL Operating Manual for
information about your area.

70 cm (420 MHz)"

EAGT
450.0 MHz

33 cm (902 MHz)"
E,AG,T

902.0 928.0 MHz

1240 23 cm (1240 MH2)* 4300 Mz

EAGT

N (5 Watts)

1270 1295

All licensees except Novices are authorized all modes
on the following frequencies:
2300-2310 MHz 10.0-10.5 GHz
2390-2450 MHz 24.0-24.25 GHz
3300-3500 MHz 47.0-47.2 GHz
5650-5925 MHz 76.0-81.0 GHz

122.25-123.0 GHz
134-141 GHz
241-250 GHz
All above 275 GHz

KEY
Note:
CW operation is permitted throughout all
amateur bands except 60 meters.

MCW is authorized above 50.1 MHz,
except for 219-220 MHz.

Test transmissions are authorized above
51 MHz, except for 219-220 MHz

| =RTTY and data
]| = phone and image
= CW only

[Il] = SSB phone

[}l = USB phone only

[ = Fixed digital message
forwarding systems only

E = Amateur Extra
A = Advanced

G = General

T = Technician

N = Novice

See ARRLWeb at www.arrl.org for more
detailed band plans.

ARRL

We’re At Your Service

ARRL Headquarters:
860-594-0200 (Fax 860-594-0259)
email: hq@arrl.org
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www.arrl.org\catalog
Toll-Free 1-888-277-5289 (860-594-0355)
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www.arrl.org\catalog
Toll-Free 1-888-277-5289 (860-594-0338)
email: membership@arrl.org

Getting Started in Amateur Radio:
Toll-Free 1-800-326-3942 (860-594-0355)
email: newham@arrl.org
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Table 7.82

ARRL Grid Locator Map for North America

This and a World Grid Locator Map are available from ARRL.
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Thisinformation is provided as a service of the American Radio Relay L eague

Additional Information for Amateurs
Completing Form 605

Form 605 Requiresthe Applicant Sign an RF Safety Certification.

The Form 605 requires that all applicants now sign an RE Safety Certification. The certification that applicants must now
signreads: “1 have READ and WILL COMPLY with Section 97.13(c) of the Commission’s Rules regarding RADIOFREQUENCY
(RF) RADIATION SAFETY and the amateur service section of OST/OET Bulletin Number 65.” Thisisall well and good, but how
can you sign this statement if you haven’t seen these new rules and Bulletin 65 information? Unfortunately, FCC has not provided this
additional information in the instructions to the new Form 605!

Recognizing this need, here is the information you will need to read and must comply with. Section 97.13(c) reads:

c. Before causing or allowing an amateur station to transmit from any place where the operation of the station could cause human
exposure to RF electromagnetic field levelsin excess of those allowed under 81.1310 of this chapter, the licenseeis required to take
certain actions.

1. The licensee must perform the routine RF environmental evaluation prescribed by 81.1307(b) of this chapter, if the power of
the licensee's station exceeds the limits given in the following table:

Wavelength Band & Evaluation Required if Power* (watts) Exceeds

MF/HF 12m= 75 watts 23cm = 200 watts

160m - 40m = 500 watts 10m = 50 watts 13cm = 250 watts

30m = 425 watts VHF all bands = 50 watts

20m = 225 watts UHF SHF all bands = 250 watts
17m= 125 watts 70cm = 70 watts

15m = 100 watts 33cm = 150 watts EHF all bands = 250 watts

- Repeater stations (all bands) non-building-mounted antennas:
height above ground level to lowest point of antenna < 10 mand power > 500 W ERP
- Building-mounted antennas: power > 500 W ERP

* Power = PEP input to antenna except, for repeater stations only, power exclusion is based on ERP (effective radiated power).

2. If the routine environmental evaluation indicates that the RF electromagnetic fields could exceed the limits contained in
81.1310 of this chapter in accessible areas, the licensee must take action to prevent human exposure to such RF electromagnetic
fields. Further information on evaluating compliance with these limits can be found in the FCC's OET Bulletin 65, " Evaluating
Compliance with FCC-Specified Guidelines for Human Exposure to Radio Frequency Electromagnetic Fields.”

The Amateur Section of OET Bulletin Number 65:

In the FCC’s Report and Order, certain amateur radio installations were made subject to routine evaluation for compliance with the FCC's
RF exposure guidelines.® Also, amateur licensees will be expected to demonstrate their knowledge of the FCC guidelines through examinations.
Applicants for new licenses and renewals also will be required to demonstrate that they have read and that they understand the applicable rules
regarding RF exposure. Before causing or allowing an amateur station to transmit from any place where the operation of the station could cause
human exposure to RF radiation levelsin excess of the FCC guidelines amateur licensees are now required to take certain actions. A routine RF
radiation evaluation is required if the transmitter power of the station exceeds the levels shown and specified in 47 CFR
§ 97.13(c)(1)* (see above). Otherwise the operation is categorically excluded from routine RF radiation evaluation, except as a result of a specific
motion or petition as specified in Sections 1.1307(c) and (d) of the FCC's Rules, (see discussion in Section 1 of Bulletin 65 for more information).

The Commission’s Report and Order instituted a requirement that operator license examination question pools will include questions
concerning RF safety at amateur stations. An additional five questions on RF safety will be required within each of three written examination
elements (for Novice, Technician and Genera written exams).

When routine evaluation of an amateur station indicates that exposure to RF fields are or could be in excess of the exposure limits specified
by the FCC (see Bulletin 65, Appendix A {on reverse side}), the licensee must take action to correct the problem and ensure compliance (see Section
4 of Bulletin 65 on controlling exposure). Such actions could be in the form of modifying patterns of operation, relocating antennas, revising a
station’ s technical parameters such as frequency, power or emission type or combinations of these and other remedies.




Bulletin 65, Appendix A, Table 1 -- LIMITS FOR MAXIMUM PERMISSIBLE EXPOSURE (MPE)

Limitsfor Occupational/Controlled Exposure Limitsfor General Population/Uncontrolled Exposure

(f = freguency in MHz  *Plane-wave equivalent power density) (f = frequency in MHz ~ *Plane-wave equivaent power density)

Freguency Electric M agnetic Power Density Averaging Freguency Electric M agnetic Power Density Averaging
Field Field Time Field Field Time

Range Strength (E) | Strength (H) | () IEP [HP or S Range Strength (E)  Strength (H) S [EP HPor S

(MHz) (VIim) (A/m) (minutes) (MHz) (Vim) (A/m) (mW/cm?) (minutes)

0.3-3.0 614 1.63 (100)* 6 0.3-1.34 614 1.63 (100)* 30

3.0-30 1842/f 4.89/f (900/f%)* 6 1.34-30 824/f 2.19/f (180/F2)* 30

300-1500 - - £1300 5 300-1500 - - /1500 30

1500-100,000 | — - 5 6 1500-100,000 - - 10 30

In complying with the Commission’ s Report and Order, amateur operators should follow a policy of systematic avoidance of excessive RF
exposure. The Commission has said that it will continue to rely upon amateur operators, in constructing and operating their stations, to take stepsto
ensure that their stations comply with the MPE limits for both occupational/controlled and general public/uncontrolled situations, as appropriate. In
that regard, amateur radio operators and members of their immediate household are considered to be in a*controlled environment” and are subject to
the occupational/controlled MPE limits. Neighbors or others who are not members of an amateur operator’s household are considered to be members
of the general public, since they cannot reasonably be expected to exercise control over their exposure. In those cases general
population/uncontrolled exposure MPE limits will apply.

In order to qualify for use of the occupational/controlled exposure criteria, appropriate restrictions on access to high RF field areas must be
maintained and educational instruction in RF safety must be provided to individuals who are members of the amateur operator’ s household. Persons
who are not members of the amateur operator’ s household but who are present temporarily on an amateur operator’ s property may also be considered
to fall under the occupational/controlled designation provided that appropriate information is provided them about RF exposure potential if
transmitters are in operation and such persons are exposed in excess of the genera population/uncontrolled limits.

Amateur radio facilities represent a specia case for determining exposure, since there are many possible antenna types that could be
designed and used for amateur stations. However, severa relevant points can be made with respect to analyzing amateur radio antennas for potential
exposure that should be helpful to amateur operatorsin performing evaluations.

First of all, the generic equations described in Bulletin 65 can be used for analyzing fields due to almost all antennas, although the resulting
estimates for power density may be overly-conservative in some cases. Nonetheless, for general radiators and for aperture antennas, if the user is
knowledgeable about antenna gain, frequency, power and other relevant factors, the equations in this section can be used to estimate field strength
and power density as described earlier. In addition, other resources are available to amateur radio operators for analyzing fields near their antennas.
The ARRL Handbook For Radio Amateurs contains an excellent section on analyzing amateur radio facilities for compliance with RF guidelines.
Also, the FCC and the EPA conducted a study of several amateur radio stationsin 1990 that provides a great deal of measurement data for many
types of antennas commonly used by amateur operators® (see the FCC OET Web site at: <http://www.fcc.gov/oet/info/documents/reports/#A SD-
9601> see also <http://www.fcc.gov/oet/rfsafety/>).

Amateur radio organizations and licensees are encouraged to develop their own more detailed evaluation models and methods for typical
antenna configurations and power/frequency combinations. The FCC has an Amateur Supplement “B” that is available from the FCC's OET Web
siteat: <http://www.fcc.gov/oet/rfsafety/>. Information on availability of the supplement, as well as other RF-related questions, can be directed to
the FCC's "RF Safety Program” at: (202) 418-2464 or Email to: rfsafety@fcc.gov

See also: Sections 1 and 2 of the FCC Regulations; FCC's “Amateur” Supplement B to OET Bulletin 65; the ARRL’s publication entitled
“RF Exposure and You” (to be available in early 1998); the ARRLWeb at: <http://www.arrl.org/news/rfsafety/>; and our RF Safety article in January
1998 QST (Pages 50-55) for more information. FCC also has a very helpful Q& A discussing RF Biological Effects and Potential RF Hazards of RF
Electromagnetic Fields - see “OET Bulletin 56, 4™ Edition”, published 8/99 <http://www.fcc.gov/oet/info/documents/bulletins/#56>.

[footnotes] -
1 See para. 160 of Report and Order, ET Dkt 93-62. See also, 47 CFR § 97.13, as amended.
2 These levels were chosen to roughly parallel the frequency of the MPE limits of Table 1 in Appendix A. These levels were modified from the

Commission’s original decision establishing aflat 50 W power threshold for routine evaluation of amateur stations (see Second Memorandum
Opinion and Order, ET Docket 93-62, FCC 97-303, adopted August 25, 1997).

3 Federal Communications Commission (FCC), "Measurements of Environmental Electromagnetic Fields at Amateur Radio Stations," FCC Report
No. FCC/OET ASD-9601, February 1996. FCC, Office of Engineering and Technology (OET), Washington, D.C. 20554. NTIS Order No. PB96-
145016. Copies can aso be downloaded from OET's Home Page on the World Wide Web at: <http://www.fcc.gov/oet/>

ARRL/VEC Jan. 2002



Worksheet A: Instructions — Categorical Exemption for Station Evaluation
Provided as a membership service by the American Radio Relay League, Inc., 225 Main St., Newington, CT 06111.

It is easy to determine if you need to do a routine station evaluation. The requirement to do a routine station
evaluation is based on Table 1.1, showing peak envelope power (PEP) input to the antenna.

A, B, C: For your records, enter the call sign of the station (A) , the name of the station licensee (B) and
station location (C) onto the top of the worksheet.

D. Enter the station operating frequency band being considered for evaluation (D).

E. Enter the maximum PEP output you use on that band (E).

(This can be determined by measurement or estimated from factors such as the rated output power of your
transmitter. Alternatively, you can estimate from other factors. See Chapter 5, the section titled: “How to
Calculate Peak Envelope Power to the Antenna.”)

F, G. Enter your feed line type (F) and length (G).

H. Enter the specification for the loss in dB per 100 feet for your cable type. Use the manufacturer’s
specification or use the table in Chapter 5.

I. Divide the feed line length (G) by 100, then multiply the result by the specification for your feed line type
for loss in dB per 100 feet. This will give you the total feed line loss in dB (I).

J. Enter the total feed line loss in dB (I) and convert it to a percentage (J).
(See the formulas or table in Chapter 5 or, optionally, you can use 0 dB for a conservative estimate. If you
use 0 dB, skip to step J and enter 0%.)

K. Multiply the maximum transmitter PEP used on this band (E) by the percentage of power lost in the feed
line (J). The result is the total power lost in the feed line (K).

L. Subtract the power lost in the feed line (K) from the transmitter PEP used on this band (E). The result is
the PEP input to the antenna.

Compare the PEP input to the antenna (L) to the level in Table 1.1. If the power to the antenna is greater
than the level in Table 1.1 for that frequency band, it will be necessary for you to perform a routine
evaluation on your station. If your PEP to the antenna does not exceed the limits in Table 1.1, the rules do
not require you to do a routine station evaluation on that band.

1.2 Chapterl



WORKSHEET A: CATEGORICAL EXEMPTION FOR STATION EVALUATION WORKSHEET

Provided as a membership service by the American Radio Relay League, Inc., 225 Main St., Newington, CT 06111.
Use this worksheet for each band you operate to determine if you need to do a station evaluation on that band.

(A): Station Call Sign: (B) Station Licensee:

(C) Station Location:

(D) Frequency Band: ____

(E) Maximum Transmitter PEP used on this band: W PEP

Refer to Table 1.1 — If the power on line (E) of this worksheet is less than or equal to the power limits given in the table
for this band, you do not need to do an evaluation on this band. If the power exceeds the limits, continue with this
worksheet.

Calculate Feed Line Loss in dB:
(F) Feed Line Type: (G) Feed Line Length: ft

(H) Enter Feed Line Loss in dB per 100 ft: dB
(From Chapter 5 or manufacturers specification. You can use 0 dB for a conservative estimate. If you use 0 dB, skip to step
J and enter 0%.)

(G) / 100 X (H) dB = )] dB
Feed Line Length divide by 100 then multiply by loss in dB equals Feed Line Loss in dB
from (G) per 100 feet
from (H)
Convert to percentage:
h_____ dB = W %
Feed Line Loss in dB Convert to percentage of power lost in the feed line.
from (1) See Chapter 5 or use 0% as a conservative estimate.

Power to antenna:

(E) W PEP X J) % = (K) W PEP
Maximum transmitter PEP times Percentage of power equals Power lost in the feed line
used on this band from (E) lost in the feed line

from (J)
() WPEP - wK__ W = Ly~ WPEP

Maximum transmitter PEP  minus Power lost in feed line equals PEP input to the antenna
used on this band from (E)

Conclusion and decision:
Compare the power input to the antenna (L) to Table 1.1. If the power input to the antenna is less than or

equal to this power level, you do not have to evaluate your station on this band.

Introduction 1 .3



Worksheet B: Instructions — Station Evaluation Worksheet

Provided as a membership service by the American Radio Relay League, Inc., 225 Main St., Newington, CT 06111

If you do have to do a station evaluation for one or more powers or modes, use this worksheet to guide you
through the process. This single page worksheet and instructions will suffice for many stations. See Chapter
5 for multiple transmitter sites and repeaters.

A, B. For your records, enter the call sign of the station (A), the station licensee (B) onto the top of the
worksheet.

C. Enter the frequency band being evaluated.
D. Enter the operating mode being evaluated.

E. Enter the maximum transmitter peak-envelope power being used on this band (E). (See Chapter 5, the
section titled: “How to Calculate Peak Envelope Power to the Antenna.”)

F. Enter the peak-envelope power input to the antenna from line L of Worksheet A (F).
(As a conservative first estimate, you can skip to steps J and K, using this power level.)

G. Enter the duty factor of the mode being evaluated (H):
(See the section in Chapter 5 titled: “Duty Factor,” or use 40% for CW, 20-40% for SSB, 100% for FM or
digital modes.)

H,l. Enter the maximum percentage of time the station could be on the air for controlled or uncontrolled
exposure. (A good rule of thumb is to use 100% for controlled exposure, 67% for uncontrolled exposure. Also
see the table in Chapter 5.)

J, K. Calculate average power.
(Multiply the PEP input to the antenna (F) by the duty factor of the mode being used (G) by the operating
time percentage (H, I). The result is the average power to the antenna.

L. Refer to any of the evaluation methods described in the FCC’s OET Bulletin 65 of Chapter 5. Determine
that the antenna is located far enough away from areas where people are present or that the field strength is
below the maximum permissible exposure (MPE) limits in areas where people are present. Describe briefly
the method used to perform this evaluation.

M. Record the results of your station evaluation. Your station evaluation for this band and mode is now
complete. Although it is not required by FCC rules, it is recommended that you retain a copy of your station
evaluation in your station records.

If the station is not in compliance under all circumstances of its expected operation, attach a separate sheet describing
any limitations of methods that the station operator will use to ensure compliance if people are presentin areas that could
be out of compliance.

1.4 Chapterl



WORKSHEET B: STATION EVALUATION WORKSHEET

Provided as a membership service by the American Radio Relay League, Inc., 225 Main St., Newington, CT 06111.

Use this worksheet for each band, mode and antenna combination you use to determine if your station complies with the
FCC regulations for RF exposure.

(A): Station Call Sign: (B) Station Licensee:

(C) Frequency Band: ___ (D) Operating mode being evaluated:

(E) Maximum Transmitter PEP used on this band: W PEP

(F) PEP input to the antenna on this band (from line (L) on Worksheet A): W PEP
For a conservative estimate, you could use your maximum transmitter PEP and skip to step (L) and use this power for your
evaluation. If you “pass,” you do not need to do the other steps.

Mode and duty factor:

(D) Operating mode being evaluated: (G) Duty Factor for this mode: %
(See Chapter 5 oruse 40% for CW, 20% for SSB with no speech processing, 40% for SSB with heavy speech processing,
100% for FM or digital modes)

Maximum time the station could be transmitting in:

(H) 6-min period (controlled): /6 = %

(1) 30-min period (uncontrolled): /30 = %

Calculate average power — Controlled exposure:

F_  WPEP x (G)__ % x H_ % = J)y_ Wavg

PEP input to the times Duty Factor times Controlled equals Controlled average

antenna from (F) from (G) operating time power input to the
percentage antenna

Calculate average power — Uncontrolled exposure:

(F) WPEP x (G) % % n % = (K) W avg

PEP input to the times Duty Factor times Uncontrolled equals Uncontrolled average

antenna from (F) from (G) operating time power input to the
percentage antenna

(L) Refer to any of the evaluation methods in FCC’s OET Bulletin 65 or Chapter 5. Determine if the antenna
is located far enough away from areas where people are present or that the field strength is below the
maximum permissible exposure (MPE) limits, based on the frequency, mode, average power and antenna
type being used.

(M) Describe the method used to do the evaluation:

Using this method, did your station exceed the FCC RF exposure limits? (Y/N)
Controlled exposure: (Y/N) Uncontrolled exposure: (Y/N)
If the station is not in compliance under all circumstances of its expected operation, attach a separate sheet describing

any limitations of methods that the station operator will use to ensure compliance if people are present in areas that could
be out of compliance.
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Amateur Radio RF Safety Calculator

~ Amateur Radio RF Sa

—
mims

Calculation Results

Average Power at the Antenna

31.800 watts ]|

|
| Antenna Gain in dBi ” 7.20 dBi |
| Distance to the Area of Interest ” 30.00 feet |
| Frequency of Operation ” 29.000 MHz J
| Are Ground Reflections Calculated? ” Yes A]

Estimated RF Power Density 0.0407 mw/cm?

Controlled |[Uncontrolled
Environment||Environment

Maximum Permissible
Exposure (MPE)

1.08 mw/cm?

0.22 mw/cm?®

Distance to Compliance From
Center of Antenna

5.90 feet

13.13 feet

Does the Area of Interest

Appear to be in Compliance? yes

yes

N S G T T
e

UTARC
University of Texas at Austin

Send comments to: kharker@cs.utexas.edu

CGI script last modified 25 January 2000

Return to UTARC Home Page

S
el

Page 1 of 1

fety Calculator ™"

Interpretation of Resi

Remember that the power value entered into thesc
should be the average power seen at the antenna, .
Envelope Power (PEP). You may also consider fe
calculating your average power at the antenna.

If you wish to estimate the power density at a poi
main lobe of a directional antenna, and if the ante
pattern is known, recalculate using the antenna's g
relevant direction.

Please also consult FCC OET Bulletin 65 Supple:
Amateur Radio supplement to FCC OET Bulletin
contains a thorough discussion of the RF Safety
they apply to amateur stations and contains nume:
tables, worksheets, and other data to help determi
compliance.

Perform another compu

No Warranties: This information is provided "as is" without any warranty, condition, or representation of any kind, either
express or implied, including but not limited to, any warranty respecting non-infringement, and the implied warranties of
conditions of merchantability and fitness for a particular purpose. In no event shall Kenneth E. Harker, the University of
Texas Amateur Radio Club, the University of Texas at Austin, or any directors, trustees, or members thereof be liable for any
direct, indirect, special, incidental, consequential or other damages howsoever caused whether arising in contract, tort, or
otherwise, arising out of or in connection with the use or performance of the information contained on this web site.

http://n5xu.ae.utexas.edu/cgi-bin/rfsafety.cgi

11/30/2002



Amateur Radio RF Safety Calculator

~ Amateur Radio RF Sa

—
mims

Calculation Results

Average Power at the Antenna

21.300 watts ]|

|
| Antenna Gain in dBi ” 7.20 dBi |
| Distance to the Area of Interest ” 46.00 feet |
| Frequency of Operation ” 29.000 MHz J
| Are Ground Reflections Calculated? ” Yes A]

Estimated RF Power Density 0.0116 mw/cm?

Controlled |[Uncontrolled
Environment||Environment

Maximum Permissible
Exposure (MPE)

1.08 mw/cm?

0.22 mw/cm?®

Distance to Compliance From
Center of Antenna

4.84 feet

10.75 feet

Does the Area of Interest

Appear to be in Compliance? yes

yes

N S G T T
e

UTARC
University of Texas at Austin

Send comments to: kharker@cs.utexas.edu

CGI script last modified 25 January 2000

Return to UTARC Home Page

S
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Page 1 of 1

fety Calculator ™"

Interpretation of Resi

Remember that the power value entered into thesc
should be the average power seen at the antenna, .
Envelope Power (PEP). You may also consider fe
calculating your average power at the antenna.

If you wish to estimate the power density at a poi
main lobe of a directional antenna, and if the ante
pattern is known, recalculate using the antenna's g
relevant direction.

Please also consult FCC OET Bulletin 65 Supple:
Amateur Radio supplement to FCC OET Bulletin
contains a thorough discussion of the RF Safety
they apply to amateur stations and contains nume:
tables, worksheets, and other data to help determi
compliance.

Perform another compu

No Warranties: This information is provided "as is" without any warranty, condition, or representation of any kind, either
express or implied, including but not limited to, any warranty respecting non-infringement, and the implied warranties of
conditions of merchantability and fitness for a particular purpose. In no event shall Kenneth E. Harker, the University of
Texas Amateur Radio Club, the University of Texas at Austin, or any directors, trustees, or members thereof be liable for any
direct, indirect, special, incidental, consequential or other damages howsoever caused whether arising in contract, tort, or
otherwise, arising out of or in connection with the use or performance of the information contained on this web site.

http://n5xu.ae.utexas.edu/cgi-bin/rfsafety.cgi

11/30/2002





