
Safety  3.1

This section was written by James N. 
Woods, W7PUP, and includes additional 
contributors as well. This chapter will fo-
cus on how to avoid potential hazards as we 
explore Amateur Radio and its many facets. 
We need to learn as much as possible about 
what could go wrong so we can avoid factors 
that might result in accidents. Amateur Radio 
activities are not inherently hazardous, but 
like many things in modern life, it pays to 
be informed. Stated another way, while we 
long to be creative and innovative, there is 
still the need to act responsibly. Safety begins 
with our attitude. Make it a habit to plan work 
carefully. Don’t be the one to say, “I didn’t 
think it could happen to me.”

Having a good attitude about safety is 

not enough, however. We must be knowl-
edgeable about common safety guidelines 
and follow them faithfully. Safety guide-
lines cannot possibly cover all situations, 
but if we approach each task with a measure 
of common sense, we should be able to work 
safely.

Although the RF, ac and dc voltages in 
most amateur stations pose a potentially 
grave threat to life and limb, common sense 
and knowledge of good safety practices will 
help us avoid accidents. Building and op-
erating an Amateur Radio station can be, 
and is for almost all amateurs, a perfectly 
safe pastime. Carelessness can lead to severe 
injury, or even death, however. The ideas 
presented here are only guidelines; it would 

be impossible to cover all safety precautions. 
Remember: There is no substitute for com-
mon sense.

Involve your family in Amateur Radio. 
Having other people close by is always ben-
efi cial in the event that you need immediate 
assistance. Take the valuable step of showing 
family members how to turn off the electrical 
power to your equipment safely. Additionally, 
cardiopulmonary resuscitation (CPR) train-
ing can save lives in the event of electrical 
shock. Classes are offered in most communi-
ties. Take the time to plan with your family 
members exactly what action should be taken 
in the event of an emergency, such as electri-
cal shock, equipment fi re or power outage. 
Practice your plan!

Antenna and Tower Safety
Since antennas are generally outdoors, they 

are affected by weather conditions: wind, ice 
and lightning. Learning about the potential 
hazards of towers and antennas and how to do 
antenna work safely will pay dividends.

ARRL Technical Advisor Paul Krugh, 
N2NS, reminds us that putting up a tower 
has a set of responsibilities associated 
with it. Any heavy, large and permanent 
structure that fails or collapses can po-
tentially hurt or even kill somebody. The 
complete installation must comply with all 
applicable structural and building codes. 
Professional engineers design towers to
withstand code loadings — that is, dead 
weight, wind and ice loadings that are ap-
plicable to the environment at your particular 
location. The latest revision of the EIA-222 
standard is the document from which profes-
sional engineers work to ensure that their 

tower designs are structurally safe.
To ensure structural safety and integrity, 

you must demonstrate that your tower has been 
designed by a qualifi ed engineer to withstand 
EIA-222 loadings at your specifi c geographic 
area. Further, the tower, foundation, guys and 
anchors must be installed (and maintained) 
according to any drawings, instructions and 
specifi cations supplied by the professional 
engineer. Remember: A properly designed, 
installed and maintained tower should be as 
safe as a building or a bridge! 

It is not feasible to discuss each type of 
antenna and tower in detail, so this section 
will include only highlights. For a full un-
derstanding of the specifi c hardware you 
will be working with, consult the manufac-
turer or supplier. You should discuss your 
antenna plans with a qualifi ed engineer. 
The ARRL Volunteer Consulting Engineer 

(VCE) program can steer you to a knowl-
edgeable engineer. (More information about 
the VCE program and a listing of VCEs in 
each state is available online at www.arrl.org/
FandES/fi eld/regulations/local/vcei.html.)

In addition, your town or city will probably 
require that you obtain a building permit to 
erect a tower or antenna. This is their way 
to help ensure that the installation follows 
good practices and that the installation is safe. 
Wise amateurs realize that an independent 
review of drawings and site inspections are 
benefi cial and can result in fewer problems 
in the future.

Towers must have a properly engineered sup-
port, both for the tower sections themselves as 
well as guy wire attachments. Sometimes tow-
ers are braced to buildings for added support. 
The ARRL Antenna Book covers this subject in 
greater detail. Towers are available commer-
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3.2  Chapter 3

cially in both guyed and self-supporting styles, 
and constructed of both steel and aluminum 
materials. Masts may be wood or metal. One 
popular and inexpensive mast used to support 
small antennas is the tubular mast often sold 
for TV antenna use. These come in telescoping 
sections, in heights from 20 to 50 ft.

Aluminum extension ladders are sometimes 
used for temporary antenna supports, such as 
at Field Day sites. One problem with this ap-
proach is the diffi culty in holding down the 
bottom section while “walking up” the ladder. 
Do not try to erect this type of support alone.

Trees are sometimes pressed into service 
for holding one end of a wire antenna. When 
using slingshots or arrows to string up the 
antenna, be sure no one is in range before 
you launch.

FACTORS TO CONSIDER WHEN 
SELECTING A TOWER

Towers have design load limitations. Make 
very sure the tower you consider has the 
 capacity to safely handle the antenna(s) 
you intend to install in the kind of environ-
ment that is applicable to your QTH. Always 
review the manufacturer’s installation speci-
fi cations, including guying data, and choose a 
tower that is rated for the planned antenna 
load.

The manufacturer’s data usually includes 
information needed to design a suitable base 
and (if applicable) guy anchors. Soil conditions 
at the tower site should be investigated, though. 
The footings need to be designed around actual 
soil conditions, particularly on a rocky site. 

Suffi cient yard space must be available to po-
sition a guyed tower properly. A rule of thumb 
is that the guy anchors should be between 60% 
and 80% of the tower height in distance from 
the base of the tower. The antenna must be 
located in such a position that it cannot possibly 
tangle with power lines during normal opera-
tion or if the structure should fall.

Once the tower is complete, provisions 
must be made to keep children from climbing 
the support. All hardware should be secured 
to prevent tampering, and any guy wires or 
other objects that could cause injury should 
be fenced off or clearly marked.

As noted above, a professional engineer 
can help you choose and design a tower that 
will safely meet your needs.

TOWER TIPS
Never rush into projects. Consult the most 

experienced amateurs in your community for 
assistance, especially if you are new to tower 
installation. Check with your local building 
offi cials early in the process to determine 
what permits and inspections are needed.

Use only the highest quality materials in 
your system. Always follow manufacturer’s 
instructions, using only parts that are designed 
for the model you have. Beware of used tow-
ers. Have them professionally inspected and 
contact the manufacturer for installation cri-
teria.

Make sure you have all the tools needed 
before starting. Some specialized tools (such 
as a gin pole) may be required. Never erect 
an antenna, tower or rotor during an electri-
cal storm or rainstorm, or when lightning is 
a possibility.

The assembly crew as well as those climb-
ing the tower during erection must wear hard 
hats and use appropriate personal protective 
equipment including gloves, boots, climbing 
belt or harness. Don’t forget that lifelines are 
needed when the belt is unattached from the 
tower while moving. Assign someone in the 
erection crew to monitor the use of safety 
equipment.

Be careful not to overstress the tower when 
it is being assembled. The tower manufacturer 
can offer suggestions that will avoid jeopar-
dizing the tower.

Install guy wires using the proper tools. 
Care should be exercised especially when 
handling loose (and sharp) guy wire ends! 
Use suffi cient guy wire length to easily attach 
to the anchors, and then use tower-rated turn-
buckles or similar devices to adjust tension 
evenly around the tower.

After the tower is installed, keep the in-
stallation safe. Inspection and maintenance 
recommended by the tower’s manufacturer 
should be carefully followed.

Liability may be increased with a tower 
installation. Check with your homeowner’s 
insurance provider to ensure your coverage 
is adequate. Don’t let your installation be-
come an “attractive nuisance.” Take steps to 
install barriers so your tower cannot easily be 
climbed by others, particularly adventurous 
children.

If making attachments to houses or installa-
tions on roofs, have a qualifi ed person determine 
that the method is adequate and the loading 
conditions are satisfactory. Avoid metal lad-
ders if there are any utility lines in the vicinity. 
Assume that any line is energized — including 

cable television and telephone lines.

POWER LINES
Hundreds of people have been killed or 

 seriously injured when attempting to in-
stall or dismantle antennas. In virtually all 
cases, the victim was aware of the hazards, 
including the potential for serious electrical 
shock, but did not take the necessary steps 
to eliminate the risks. If your antenna or sup-
port should contact power lines, you or those 
around you could be killed! If you have any 
questions about power lines, contact your 
electrical utility, city inspector or a qualifi ed 
professional.

Every electrical wire must be considered 
dangerous. Never install antennas, towers 
and masts near power lines. How far away 
is considered safe? Towers and masts should 
be installed twice the height of the installa-
tion away from power lines. Wire antennas 
should be installed so that they cannot fall 
on power lines or be carried near power lines 
by blowing wind or a broken tree limb or 
other support. 

If, for some reason your tower or antenna 
begins to fall, get away from it immediately! 
If it contacts energized lines, it can become 
a lethal hazard if you are touching any part 
of the conductive structure. If a coworker 
becomes energized, do not touch the person! 
The safest practice is to keep all others clear 
of the area, call 911, and just wait for the 
power company and rescue team to arrive 
and assist the victim. At some greater risk, 
a well-insulated pole such as fi berglass or 
PVC pipe — as long as possible for safety 
— can be utilized in an attempt to dislodge 
the live wire or collapsed metal structure 
from the victim (with moisture, etc., wood 
can be a poor insulator — especially at high 
voltages!). 

If the victim is well clear of the hazard 
and is not breathing, immediately start 
CPR procedures and seek emergency assis-
tance. Remember, use caution and under-
stand that during such an accident, the live 
conductor or live antenna structure can 
further move (lurch) suddenly and without 
 warning. One accident is bad enough — there 
is no need to have two victims! It is best 
to just seek qualifi ed emergency help if 
you are unsure of the situation-specifi c 
 hazards.

Further information about tower safety ap-
pears in The ARRL Antenna Book.
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Electrical Wiring Around the Shack
The standard power available from com-

mercial mains in the United States for resi-
dential service is 120/240-V ac. The “pri-
mary” voltages that feed transformers in our 
neighborhoods may range from 2000 to about 
10,000 V. Generally, the responsibility for 
maintaining the power distribution system 
belongs to a utility company, electric coop-
erative or city. The “ownership” of conduc-
tors usually transfers from the electric utility 
supplier to the homeowner where the power 
connects to the meter or weather head. If you 
are unsure where the division of responsibil-
ity falls in your community, a call to your 
electrical utility will provide the answer. Fig 
3.1 shows the typical division of responsi-
bility between the utility company and the 
homeowner.

There are two facets to success with electri-
cal power: safety and performance. Since we 
are not professionals, we need to pursue safety 
fi rst and consult professionals for alternative 
solutions if performance is unacceptable.

STATION CONCERNS
The primary electrical power supplied to 

your radio equipment should be controlled 
by one master switch so that it is easy to kill 
the power in an emergency. One convenient 
means is a switched outlet strip, as used 
for computer equipment. The strip should 
be listed by a nationally recognized testing 
laboratory such as Underwriters Lab and in-
corporate a circuit breaker. See “What Does 
UL Listing Mean?” and “How Safe are Out-
let Strips?” for warnings about poor quality 
products. It is poor practice to “daisy-chain” 
several power strips. If you need more outlets 
than are available on a strip, have additional 
convenience outlets installed.

Before adding equipment to your home, be 
sure that it does not overload the circuit. Na-
tional and local codes set permissible branch 
capacities according to a rather complex pro-
cess. Here’s a safe rule of thumb: consider 
adding a new circuit if the total load is more 
than 80% of the circuit breaker or fuse rat-
ing. (This assumes that the fuse or breaker 
is correct. If you have any doubts, have an 
electrician check it.)

Do It Yourself Wiring?
Amateurs sometimes “rewire” parts of their 

homes to accommodate their hobby. Most lo-
cal codes do allow for modifi cation of wiring 
(by building owners), so long as the electrical 
codes are met. Generally, the building owner 
must obtain an electrical permit before be-
ginning changes or additions to permanent 
wiring. Some jobs may require drawings of 
planned work. Often the permit fee pays for an 
inspector to review the work. Considering the 
risk of injury or fi re if critical mistakes are left 

Fig 3.1 — Typical division of responsibility for maintenance of electrical power 
conductors and equipment. The meter is supplied by the utility company.

Fig 3.2 — If the switch box feeding 
power to your shack is equipped with a 
lock-out hole, use it. With a lock through 
the hole on the box, the power cannot 
be accidentally turned back on. (Photo 
courtesy of American ED-CO)

What Does UL Listing 
Mean?

Listing does not mean what most 
consumers expect it to mean! More 
often than not the listing does not re-
late to the performance of the listed 
product. The listing simply indicates 
that a sample of the device meets 
certain manufacturers’ construction 
criteria. Similar devices from the 
same or different manufacturers may 
differ signifi cantly in overall construc-
tion and performance even though 
all are investigated and listed against 
the same UL product category.

How Safe are Outlet 
Strips?

The switch in outlet strips is gen-
erally not rated for repetitive load 
break duty. Early failure and fi re 
hazard may result from using these 
devices to switch loads. Misap-
plications are common (another bit 
of bad technique that has evolved 
from the use of personal comput-
ers), and manufacturers are all too 
willing to accommodate the market 
with marginal products that are 
“cheap.”

Nonindicating and poorly de-
signed surge protection also add 
to the safety hazard of using power 
strips. Marginally rated MOVs often 
fail in a manner that could cause 
a fi re hazard, especially in outlet 
strips that have nonmetallic enclo-
sures.

A lockable disconnect switch or 
circuit breaker, as shown in Fig 3.2, 
is a better and safer station master 
switch.

uncorrected, a permit and inspection are well 
worth the effort. Don’t take chances — seek 
assistance from the building offi cials or an ex-
perienced electrician if you have any questions 
or doubts about proper wiring techniques. 

Ordinary 120-V circuits are the most 
common source of fatal electrical accidents. 
Never use bare wire for exposed circuits or 
open-chassis construction with exposed con-
nections! Remember that high-current, low-
voltage power sources can be just as danger-
ous as high-voltage sources. 

Never work on electrical wiring with the 
conductors energized! Switch off the circuit 
breaker or remove the fuse and take positive 
steps to ensure that others do not restore the 
power while you are working. (Fig 3.2 il-
lustrates one way to ensure that power will 
be off until you want it turned on.) Check the 
circuit with an ac voltmeter to be sure that it 
is “dead” each time you begin work. Before 
restoring power, check your work with an 
ohm meter: There should be good continuity 
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About the National 
Electrical Code

Exactly how does the National 
Electrical Code become a re-
quirement? How is it enforced?

Cities and other political subdivi-
sions have the responsibility to act 
for the public safety and welfare. To 
address safety and fi re hazards in 
buildings, regulations are adopted 
by local laws and ordinances usual-
ly including some form of permit and 
accompanying inspections. Because 
the technology for the development 
of general construction, mechani-
cal and electrical codes is beyond 
most city building departments, 
model codes are incorporated by 
reference. There are several general 
building code models used in the 
US: Uniform, BOCA and Southern 
Building Codes are those most 
commonly adopted. For electrical 
issues, the National Electrical Code 
is in effect in virtually every commu-
nity. City building offi cials will serve 
as “the authority having jurisdiction” 
and interpret the provisions of the 
Code as they apply it to specifi c 
cases.

Building codes differ from plan-
ning or zoning regulations: Building 
codes are directed only at safety, 
fi re and health issues. Zoning regu-
lations often are aimed at preserva-
tion of property values and aesthet-
ics.

The NEC is part of a series of 
reference codes published by the 
National Fire Protection Asso-
ciation, a nonprofi t organization. 
Published codes are regularly kept 
up-to-date and are developed by 
a series of technical committees 
whose makeup represents a wide 
consensus of opinion. The NEC is 
updated every three years.

Do I have to update my electri-
cal wiring as code requirements 
are updated or changed?

Generally, no. Codes are typically 
applied for new construction and for 
renovating existing structures. Room 
additions, for example, might not 
directly trigger upgrades in the exist-
ing service panel unless the panel 
was determined to be inadequate. 
However, the wiring of the new addi-
tion would be expected to meet cur-
rent codes. Prudent homeowners, 
however, may want to add safety 
features for their own value. Many 
homeowners, for example, have 
added GFCI protection to bathroom 
and outdoor convenience outlets.

between the neutral conductor (white wire, 
“silver” screw) and the grounding conductor 
(green or bare wire, green screw). An ohm-
meter should indicate a closed circuit between 
the conductors.

There should be no continuity between the 
hot conductor (black wire, “brass” screw) 
and the grounding conductor or the neutral 
conductor. An ohmmeter should indicate an 
open circuit between the hot wire and either 
of the other two conductors.

A commercially available plug-in tester 
is the best way to test regular three-wire re-
ceptacles. 

NATIONAL ELECTRICAL CODE
Fortunately, much has been learned about 

how to harness electrical energy safely. This 
collective experience has been codifi ed into 
the National Electrical Code, or NEC. The 
Code details safety requirements for many 

Fig 3.3 — At A, proper bonding of all grounds to electrical service panel. The 
installation shown at B is unsafe — the separate grounds are not bonded. This 
could result in a serious accident or electrical fi re.

kinds of electrical installations. Compliance 
with the NEC provides an installation that is 
essentially free from hazard, but not necessar-
ily effi cient, convenient or adequate for good 
service (paraphrased from NEC Article 90-1a 
and b). For example, the NEC requirements 
discussed here are not adequate for lightning 
protection and high transient voltage events. 
Look at “Lightning/Transient Protection” 
later in this chapter for more information. 
While the NEC is national in nature and sees 
wide application, it is not universal. 

Local building authorities set the codes for 
their area of jurisdiction. They often incorpo-
rate the NEC in some form, while considering 
local issues. For example, Washington State 
specifi cally exempts telephone, telegraph, ra-
dio and television wires and equipment from 
conformance to electrical codes, rules and 
regulations. However, some local jurisdic-
tions (city, county and so on) do impose a 
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Fig 3.4 — These drawings show the importance of properly bonded ground rods. In 
the system shown in A, the 20-A breaker will not trip. In the system in B, the 20-A 
circuit breaker trips instantly. There is an equipment internal short to ground — the 
ground rod is properly bonded back to the power system ground. Of course, the main 
protection should be in a circuit ground wire in the equipment power cord itself!

higher level of installation criteria, includ-
ing some of the requirements exempted by 
the state. 

Code interpretation is a complex subject, 
and untrained individuals should steer clear of 
the NEC itself. The NEC is not written to be 
understood by do-it-yourselfers. Therefore, 
the best sources of information about code 
compliance and acceptable practices are local 
building offi cials, engineers and practicing 
electricians. With that said, let’s look at a few 
NEC requirements for radio installations. 

Antennas
The NEC includes several requirements for 

wire antennas and feed lines that you should 
keep in mind when designing your antenna 
system.

Antenna Conductors
 Transmitting antennas using hard-drawn 

copper wire: #14 for unsupported spans less 

than 150 ft, and #10 for longer spans.  
Copper-clad steel, bronze or other high-
strength conductors must be #14 for spans less 
than 150 ft and #12 for longer spans. Open-
wire transmission line conductors must be at 
least as large as those specifi ed for antennas.

Lead-Ins
There are several NEC requirements for 

antenna lead-in conductors. For transmitting 
stations, their size must be equal to or greater 
than that of the antenna. Lead-ins attached to 
buildings must be fi rmly mounted at least 3 
inches clear of the surface of the building on 
nonabsorbent insulators. Lead-in conductors 
must enter through rigid, noncombustible, non-
absorbent insulating tubes or bushings, through 
an opening provided for the purpose that pro-
vides a clearance of at least 2 inches; or through 
a drilled windowpane. All lead-in conductors 
to transmitting equipment must be arranged so 
that accidental contact is diffi cult.

Lightning Arrestors 
 Transmitting stations are required to have 

a means of draining static charges from the 
antenna system. An antenna discharge unit 
(lightning arrestor) must be installed on 
each lead-in conductor that is not protected 
by a permanently and effectively grounded 
metallic shield, unless the antenna itself is 
permanently and effectively grounded. (The 
code exception for shielded lead-ins does not 
apply to coax, but to shields such as thin-wall 
conduit. Coaxial braid is neither “adequate” 
nor “effectively grounded” for lightning pro-
tection purposes.) An acceptable alternative 
to lightning arrestor installation is a switch 
(capable of withstanding many kilovolts) 
that connects the lead-in to ground when the 
transmitter is not in use.

GROUND CONDUCTORS
Grounding conductors may be made from 

copper, aluminum, copper-clad steel, bronze 
or similar erosion-resistant materials. Insula-
tion is not required. The “protective ground-
ing conductor” (main conductor running to 
the ground rod) must be as large as the antenna 
lead-in, but not smaller than #10. The “operat-
ing grounding conductor” (to bond equipment 
chassis together) must be at least #14. There is 
a “unifi ed” grounding electrode requirement 
— it is necessary to bond all ground rods 
to the electric service entrance ground. All 
utilities, antennas and any separate grounding 
rods used must be bonded together. Fig 3.3 
shows correct (A) and incorrect (B) ways to 
bond ground rods. Fig 3.4 demonstrates the 
importance of correctly bonding ground rods. 
(Note: The NEC requirements do not address 
effective RF grounds. See the EMI/Direction 
Finding chapter of this book for information 
about RF grounding practices.)

Additionally, the Code covers some in-
formation on safety inside the station. All 
conductors inside the building must be at least 
4 inches away from conductors of any light-
ing or signaling circuit except when they are 
separated from other conductors by conduit 
or insulator. Transmitters must be enclosed 
in metal cabinets, and the cabinets must be 
grounded. All metal handles and controls ac-
cessible by the operator must be grounded. 
Access doors must be fi tted with interlocks 
that will automatically disconnect all voltages 
above 350 when the door is opened.

GROUND-FAULT CIRCUIT 
INTERRUPTERS

GFCIs are devices that can be used with 
common 120-V circuits to reduce the chance 
of electrocution when the path of current 
fl ow leaves the branch circuit (say, through a 
person’s body to another branch or ground). 
The NEC requires GFCI outlets in all wet 
or potentially wet locations, such as: bath-
rooms, kitchens, and any outdoor outlet with 
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ground-level access, garages and unfi nished 
basements. Any area with bare concrete fl oors 
or concrete masonry walls should be GFCI 
equipped. GFCIs are available as portable 
units, duplex outlets and as individual circuit 
breakers. Some early units may have been 
sensitive to RF radiation but this problem ap-
pears to have been solved. Ham radio shacks 
in potentially wet areas (basements, out build-
ings) should be GFCI equipped. Fig 3.5 is a 
simplifi ed diagram of a GFCI.

STATION POWER
Amateur Radio stations generally require 

a 120-V ac power source, which is then con-
verted to the proper ac or dc levels required for 
the station equipment. In residential systems 
voltages from 110 V through 125 V are con-
sidered equivalent, as are those from 220 V 
through 250 V. Most power supplies operate 
over these ranges, but it’s a good idea to mea-
sure the voltage range at your station. (The 
measured voltage usually varies by hour, day, 
season and location.) Power supply theory is 
covered in the Power Supplies chapter. 

If your station is located in a room with 
electrical outlets, you’re in luck. If your sta-

Fig 3.5 — Simplifi ed diagram of a 120-V ac ground fault circuit interrupter (GFCI). 
When a stray current fl ows from the load (or outlet) side to ground, the toroidal 
current becomes unbalanced allowing detection, amplifi cation and relay actuation 
to immediately cut off power to the load (and to the stray path!) GFCI units require a 
manual reset after tripping. GFCIs are required in wet locations (near kitchen sinks, in 
garages, in outdoor circuits and for construction work.) They are available as portable 
units or combined with over-current circuit breakers for installation in entrance panels.

Fig 3.6 — 120 V ac plug wiring as viewed from the wire side (A) and viewed from the blade side (B). Wiring for an IEC type chassis 
connector is shown at C.

tion is located in the basement, an attic or 
other area without a convenient 120-V source, 
you may need to have a new line run to your 
operating position.

Stations with high-power amplifi ers should 
have a 240-V ac power source in addition to 
the 120-V supply. Some amplifi ers may be 
powered from 120 V, but they require current 
levels that may exceed the limits of standard 
house wiring. For safety, and for the best pos-
sible voltage regulation in the equipment, it is 
advisable to install a separate 240 or 120-V 
line with an appropriate current rating if you 
use an amplifi er.

The usual line running to baseboard outlets 
is rated at 15 A, although 20-A outlets may be 
installed in newer houses. This may or may 
not be enough current to power your station. 
To determine how much current your station 
requires, check the ratings for each piece of 
gear. Usually, the manufacturer will specify 
the required current at 120 V; if the power 
consumption is rated in watts, divide that rat-
ing by 120 V to get amperes. 

If the total current required for your sta-
tion is near 12 (0.8 × 15 = 12 A), you need 
to install another circuit. Keep in mind that 

other rooms may be powered from the same 
branch of the electrical system, so the power 
consumption of any equipment connected to 
other outlets on the branch must be taken 
into account. Whenever possible, power your 
station from a separate, heavy-duty line run 
directly to the distribution panel through a 
disconnect switch or circuit breaker that can 
be locked in the off position.

If you decide to install a separate heavy-
duty 120-V line or a 240-V line, consult the 
power company or your local building depart-
ment for local requirements. In some areas, a 
licensed electrician must perform this work. 
Others may require a special building permit. 
Even if you are allowed to do the work your-
self, it might need inspection by a licensed 
electrician. Go through the system and get 
the necessary permits and inspections! Faulty 
wiring can destroy your possessions and take 
away your loved ones. Many fi re insurance 
policies are void if there is unapproved wiring 
in the structure.

If you decide to do the job yourself, work 
closely with local building offi cials. Most 
home-improvement centers sell books to 
guide do-it-yourself wiring projects. If you 
have any doubts about doing the work your-
self, get a licensed electrician to do the in-
stallation.

Three-Wire 120-V Power Cords
Most metal-cased electrical tools and ap-

pliances are equipped with three-conductor 
power cords. Two of the conductors carry 
power to the device, while the third conduc-
tor is connected to the case or frame. Fig 3.6 
shows two commonly used connectors.

When both plug and receptacle are properly 
wired, the three-contact polarized plug con-
nects the equipment to the system ground. 
This grounds the chassis or frame of the ap-
pliance and prevents the possibility of elec-
trical shock to the user. Most commercially 
manufactured test equipment and ac-oper-
ated amateur equipment is supplied with these 
three-wire cords. Unfortunately, the ground 
wire is sometimes improperly installed. Be-
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fore connecting any new equipment, check 
for continuity from case to ground pin with 
an ohmmeter. If there is no continuity, have 
the equipment repaired before use. Use such 
equipment only with properly installed three-
wire outlets. If your house does not have such 
outlets, consult with an electrician or local 
building offi cials to learn about safe alterna-
tives.

Equipment with plastic cases is often 
“double insulated” and fed with a two-wire 
cord. Such equipment is safe because both 
conductors are completely insulated from the 
user. Nonetheless, there is still a hazard if, say, 
a double insulated drill were used to drill an 
improperly grounded case of a transmitter that 
was still plugged in. Remember, all insulation 
is prey to age, damage and wear that may 
erode its initial protection.

LIGHTNING/TRANSIENT 
PROTECTION

Nearly everyone recognizes the need to 
protect themselves from lightning. From 
miles away, the sight and sound of lightning 
boldly illustrates its destructive potential. 
Many people don’t realize that destructive 
transients from lightning and other events 
can reach electronic equipment from many 
sources, such as outside antennas, power, 
telephone and cable TV installations. Many 
hams don’t realize that the standard protection 
scheme of several decades, a ground rod and 
simple “lightning arrestor” is not adequate.

Lightning and transient high-voltage pro-
tection follows a familiar communications 
scenario: identify the unwanted signal, isolate 
it and dissipate it. The difference here is that 
the unwanted signal is many megavolts at 
possibly 200,000 A. What can we do?

Hams cannot expect to design or install ef-
fective lightning protection systems, but rea-
sonably complete protection from lightning 
is available in systems designed by lightning 
protection professionals. Hams can easily fol-
low some general guidelines that will protect 
their stations against high-voltage events that 
are induced by nearby lightning strikes or that 
arrive via utility lines. Let’s talk about where 
to fi nd professionals fi rst, and then consider 
construction guidelines.

Professional Help
Start with your local government. Find out 

what building codes apply in your area and 
have someone explain the regulations about 
antenna installation and safety. For more help, 
look in your telephone yellow pages for pro-
fessional engineers, lightning protection sup-
pliers and contractors.

Companies that sell lightning-protection 
products may offer considerable help to apply 
their products to specifi c installations. One 
such source is PolyPhaser Corporation. Look 
under “Bibliography” later in this chapter for 

a partial list of PolyPhaser’s publications.

CONSTRUCTION GUIDELINES
Ground Rods

Ground rods should be either solid copper, 
copper-clad steel, hot-dipped galvanized steel 
or stainless steel. They should be at least 8 ft 
long by 1⁄2 inch in diameter (5⁄8 inch diameter 
for iron or steel).

Bonding Conductors 
Copper strapping (or fl ashing) comes in 

a number of sizes; use 1.5 inches wide and 
0.051 inches thick as a minimum for ground 
connections. Copper strap is a better lightning 
and RF ground than wire because straps have 
less inductance than wires. On the other hand, 
straps are more expensive than wire and more 
diffi cult to fi nd.

Use bare copper for buried ground wires. 
(There are some exceptions; seek an expert’s 
advice if your soil is corrosive.) Exposed runs 
above ground that are subject to physical 
damage may require additional protection (a 
conduit) to meet code requirements. Wire 
size depends on the application, but never use 
anything smaller than #6 AWG for bonding 
conductors. Local lightning-protection ex-
perts or building inspectors can recommend 
sizes for each application.

Tower and Antennas
Because a tower is usually the highest metal 

object on the property, it is the most likely 
strike target. Proper tower grounding is es-
sential to lightning protection. The goal is 
to establish short multiple paths to the earth 
so that the strike energy is divided and dis-
sipated. 

Connect each tower leg and each fan of 
metal guy wires to a separate ground rod. 
Space rods at least 6 ft apart. Bond the leg 
ground rods together with a #6 AWG or larg-
er copper bonding conductor (form a ring 
around the tower base, see Fig 3.7). Connect 
a continuous bonding conductor between the 
tower ring ground and the entrance panel. 
Make all connections with fi ttings approved 
for grounding applications. Do not use sol-
der for these connections. Solder will be de-
stroyed in the heat of a lightning strike.

Unless the tower is also a shunt-fed anten-
na, use grounded metal guys. For crank-up 
or telescoping towers, connect the sections 
with strap jumpers. Because galvanized steel 
(which has a zinc coating) reacts with copper 
when combined with moisture, use stainless 
steel hardware between the galvanized metal 
and the copper grounding materials. 

To prevent strike energy from entering a 
shack via the feed line, ground the feed line 
outside the home. Ground the coax shield 
to the tower at the antenna and the base to 
keep the tower and line at the same potential. 
Several companies offer grounding blocks 

that make this job easy. 
All grounding media at the home must be 

bonded together. This includes lightning-
protection conductors, electrical service, 
telephone, antenna system grounds and un-
derground metal pipes. Any ground rods used 
for lightning protection or entrance-panel 
grounding must be spaced at least 6 ft from 
each other and the electrical service or other 
utility grounds and then bonded to the ac sys-
tem ground as required by the NEC.

A Radio Entrance Panel
We want to control the fl ow of the energy 

in a strike. Eliminate any possible paths for 
surges to enter the building. This involves 
routing the feed lines, rotator control cables, 
and so on at least 6 ft away from other nearby 
grounded metal objects.

Every conductor that enters the structure 
should have its own surge suppressor includ-
ing antenna system control lines at the radio 
entrance panel and other services where they 
connect to the ac system ground. They are 
available from a number of manufacturers, 
including ICE and PolyPhaser.

Both balanced line and coax arrestors 
should be mounted to a secure ground con-
nection on the outside of the building. The 
easiest way to do this is to install a large 
metal enclosure as a bulkhead and ground 
block. This bulkhead serves as the last line 
of lightning defense, so it’s critical that it be 
installed properly. You can make a bulkhead 
panel from 1⁄8-inch copper sheet, bent into a 
box shape. Position the bulkhead on the build-
ing exterior, 4 to 6 inches (minimum) away 

Fig 3.7 — Schematic of a properly 
grounded tower. A bonding conductor 
connects each tower leg to a ground 
rod and a buried (1 ft deep) bare, tinned 
copper ring (dashed line), which is also 
connected to the station ground and 
then to the ac safety ground. Locate 
ground rods on the ring, as close as 
possible to their respective tower legs. 
All connectors should be compatible with 
the tower and conductor materials to 
prevent corrosion. See text for conductor 
sizes and details of lightning and voltage 
transient protection.
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from nearby combustible materials. Install a 
separate ground rod for this panel and connect 
it to the bulkhead with a short, direct connec-
tion. Bond this ground rod to the rest of the 
ground system. Mount all protective devices, 
switches and relay disconnects on the outside 
face wall of the bulkhead.

Lightning Arrestors
Feed line lightning arrestors are available 

for both coax cable and balanced line. Most of 
the balanced line arrestors use a simple spark 
gap arrangement, but a balanced line impulse 
suppresser is available from Industrial Com-
munication Engineers, Ltd (ICE).

DC blocking arrestors for coaxial cable 
have a fi xed frequency range. They present a 
high-impedance to lightning (less than 1 MHz) 
while offering a low impedance to RF.

DC continuity arrestors (gas tubes and 
spark gaps) can be used over a wider fre-
quency range than those that block dc. Where 
the coax carries supply voltages to remote 
devices (such as a mast-mounted preamp or 
remote coax switch), dc-continuous arrestors 
must be used.

GROUNDS
As hams we are concerned with three kinds 

of ground, which are easily confused because 
we call each of them “ground.” The fi rst is the 
power line ground, which is required by build-
ing codes to ensure the safety of life and prop-
erty surrounding electrical systems. The NEC 
requires that all grounds be bonded together; 
this is a very important safety feature as well 
as an NEC requirement. Ground systems to 
prevent shock hazards are generally referred 
to as the dc ground by amateurs, although 
safety ground is a more appropriate term.

The previous section discussed some of 
the features of a lightning protection ground-

ing system. Additional information on light-
ning, surge and EMI grounding can be found 
in The ARRL Antenna Book. The National 
Electrical Code requires lightning protection 
ground rods to be separate from the power line 
safety grounding electrodes. As discussed 
later, however, all grounding systems must 
eventually be bonded together.

An effective safety ground system is nec-
essary for every amateur station. It provides 
a common reference potential for all parts 
of the ac system and reduces the possibil-
ity of electrical shock by ensuring that all 
exposed conductors remain at that (low) 
potential. Three-wire electrical systems ef-
fectively ground our equipment for dc and 
low frequencies. Unfortunately, an effective 
ground conductor at 60 Hz may be an excel-
lent antenna for a 20 m signal.

When stray RF causes interference or other 
problems, we need another kind of ground 
— a low-impedance path for RF to reach the 
earth or some other “ground” that dissipates, 
rather than radiates, the RF energy. Let’s call 
this an RF ground. 

In most stations, dc ground and RF ground 
are provided by the same system. If you install 
ground rods, however, bond them to each 
other and to the safety ground at the electrical 
service entrance. In older houses, water lines 
are sometimes used for the service entrance 
panel ground. It is a good idea to check that 
the pipes are electrically continuous from 
the panel to earth. (Consider that Tefl on tape 
is often used to seal pipe joints in modern 
repairs.)

For decades, amateurs have been advised to 
bond all equipment cabinets to an RF ground 
located near the station. That’s a good idea, 
but it’s not easily achieved. “Near” in this use 
is 10 ft or less for HF operation, even less 
for higher frequencies. At some stations, it 

is very diffi cult to produce an effective RF 
ground. When levels of unwanted RF are low, 
an RF ground may not be needed. (See the 
EMI/Direction Finding chapter for more 
about RF grounds and interference.) Some 
think that RF grounds should be isolated from 
the safety ground system — that is not true! 
All grounds, including safety, RF, lightning 
protection and commercial communications, 
must be bonded together in order to protect 
life and property.

The fi rst step in building an RF ground sys-
tem is to bond together the chassis of all equip-
ment in your station. Choose conductors large 
enough to provide a low-impedance path. The 
NEC requires that grounding conductors be as 
large as the largest conductor in the primary 
power circuit (#14 for a 15-A circuit, #12 for 
20 A). Copper strap, sold as “fl ashing cop-
per,” is excellent for this application. Coax 
braid is a popular choice; but it is not a good 
ground conductor unless tinned, and then it’s 
no longer very fl exible. It is best to use com-
mercially made copper braid ground strap 
that is tinned and ampacity rated — wider 
straps make better RF grounds. Avoid solid 
conductors; they tend to break.

Grounding straps can be run from equip-
ment chassis to equipment chassis, but a more 
convenient approach is illustrated in Fig 3.8. 
In this installation, a 1⁄2-inch-diameter copper 
water pipe runs the entire length of the operat-
ing bench. A wide copper ground braid runs 
from each piece of equipment to a stainless-
steel clamp on the pipe.

After the equipment is bonded to a common 
ground bus, the ground bus must be wired to a 
good earth ground. This run should be made 
with a heavy conductor (copper braid is a 
good choice again) and should be as short and 
direct as possible. The earth ground usually 
takes one of two forms.

Suppliers of Lightning 
Protection Equipment

For current vendor contact informa-
tion, use your favorite Internet search 
tool.

• Alpha Delta Communications: 
Coax lightning arrestors, coax 
switches with surge protectors.

• The Wireman: copper wire up to 
#4 AWG, 2-inch fl at copper strap, 8-ft 
copper clad ground rods and 1 × 
1⁄4-inch buss bar.

• Industrial Communication En-
gineers, Ltd (ICE): Coax lightning 
arrestors.

• PolyPhaser Corporation: Many 
lightning protection products for feed 
lines, towers, equipment, and so on.

• Zero Surge Inc: Power line surge 
protector.

Fig 3.8 — An effective station ground bonds the chassis of all equipment together with 
low-impedance conductors and ties into a good earth ground. Note that the ground bus 
is in turn bonded to the service entrance panel. This connection should be made by a 
licensed electrician with #6 AWG (minimum size) copper wire.
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In most cases, the best approach is to drive 
one or more ground rods into the earth at the 
point where the conductor from the station 
ground bus leaves the house. The best ground 
rods to use are those available from an electri-
cal supply house. These rods are generally 8 
ft long and made from steel with a heavy cop-
per plating. Do not depend on shorter, thinly 
plated rods sold by some home electronics 
suppliers, as they can quickly rust and soon 
become worthless.

Once the ground rod is installed, clamp the 
conductor from the station ground bus to it 
with a clamp that can be tightened securely 
and will not rust. Copper-plated clamps made 
specially for this purpose (and matching the 
rods) are available from electrical supply 
houses. Multiple ground rods reduce the elec-

trical resistance and improve the effectiveness 
of the ground system.

Building cold water supply systems were 
used as station grounds in years past. Connec-
tion was made via a low-impedance conductor 
from the station ground bus to a convenient 
cold water pipe, preferably somewhere near 
the point where the main water supply enters 
the house. (Hot water lines are unsuitable for 
grounding conductors.) Increased used of plas-
tic plumbing both inside and outside houses is 
reducing the availability of this option. If you 
do use the cold water line, ensure that it has 
a good electrical connection to the earth and 
attach it outside the structure to reduce EMI. As 
with ground rods, ensure that the water line is 
also bonded to the service entrance panel.

For some installations, especially those 

located above the fi rst fl oor, a conventional 
ground system such as that just described will 
make a fi ne dc ground but will not provide 
the necessary low-impedance path to ground 
for RF. The length of the conductor between 
the ground bus and the ultimate ground point 
becomes a problem. For example, the ground 
wire may be about 1⁄4 wavelength (or an odd 
multiple of 1⁄4 wavelength) long on some ama-
teur band. A 1⁄4-wavelength wire acts as an 
impedance inverter from one end to the other. 
Since the grounded end is at a very low im-
pedance, the equipment end will be at a high 
impedance. The likely result is RF hot spots 
around the station while the transmitter is in 
operation. In this case, this ground system 
may be worse (from an RF viewpoint) than 
no ground at all.

Safe Homebrewing
Building, repairing and modifying equip-

ment in home workshops is a longstanding 
ham radio tradition. In fact, in the early days, 
building equipment with your hands was the 
only option available. While times and in-
terests change, home construction of radio 
equipment and related accessories remains 
popular and enjoyable. Building your own 
gear need not be hazardous if you become 
familiar with the hazards, learn how to per-
form the necessary functions and follow some 
basic safe practices including the ones listed 
below.

Consider your state of mind. Working on 
projects or troubleshooting (especially where 
high voltage is present) requires concentra-
tion. As we grow older, this may be a chal-
lenge for some of us. Put another way, if we 
aren’t able to be highly alert, we should put 
off doing hazardous work until we are better 
able to focus on the hazards.

Read instructions carefully…and follow 
them. The manufacturers of tools are the 
most knowledgeable about how to use their 
products safely. Tap their knowledge by care-
fully reading all operating instructions and 
warnings. Avoiding injuries with power tools 
requires safe tool design as well as proper 
operation by the user. Keep the instructions 
in a place where you can refer to them in 
the future.

Keep your tools in good condition. Always 
take care of your investment. Store tools in a 
way to prevent damage or use by untrained 
persons (young children, for example). Keep 
the cutting edges of saws, chisels and drill 
bits sharp. Protect metal surfaces from corro-
sion. Frequently inspect the cords and plugs of 
electrical equipment and make any necessary 

repairs. If you fi nd that your power cord is 
becoming frayed, repair it right away. One 
solution is to buy a replacement cord with a 
molded connector already attached.

Protect yourself. Use of drills, saws, grind-
ers and other wood- or metal-working equip-
ment can release small fragments that could 
cause serious eye damage. Always wear safe-
ty glasses or goggles when doing work that 
might present a fl ying object hazard. If you 
use hammers, wire-cutters, chisels and other 
hand tools, you will also need the protection 
that safety eyewear offers. Dress appropri-
ately — loose clothing (or even hair) can be 
caught in exposed rotating equipment such 
as drill presses.

Take your time. If you hurry, not only will 
you make more mistakes and possibly spoil 
the appearance of your new equipment, you 
won’t have time to think things through. 
Always plan ahead. Do not work with shop 
tools if you can’t concentrate on what you 
are doing.

Know what to do in an emergency. Despite 
your best efforts to be careful, accidents may 
still occur from time to time. Ensure that ev-
eryone in your household knows basic fi rst aid 
procedures and understands how to summon 
help in an emergency. They should also know 
where to fi nd and how to safely shut down 
electrical power in your shack and shop. Keep 
your shop neat and orderly, with everything 
in its place. Do not store an excessive amount 
of fl ammable materials. Keep clutter off the 
fl oor so no one will trip or lose their footing. 
Exemplary housekeeping is contagious — set 
a good example for everyone!

Soldering. Soldering requires a certain de-
gree of practice and, of course, the right tools. 

What potential hazards are involved?
Since the solder used for virtually all 

electronic components is a lead-tin alloy, 
the fi rst thing in most people’s mind is lead, 
a well-known health hazard. There are two 
primary ways lead might enter our bodies 
when soldering: we could breathe lead fumes 
into our lungs or we could ingest (swallow) 
lead or lead-contaminated food. Inhalation of 
lead fumes is extremely unlikely because the 
temperatures ordinarily used in electronic sol-
dering are far below those needed to vaporize 
lead. But since lead is soft and we may tend 
to handle it with our fi ngers, contaminating 
our food is a real possibility. For this reason, 
wash your hands carefully after any soldering 
(or touching of solder connections).

Generally, solder used for electronic com-
ponents contains a fl ux, often a rosin material. 
When heated the fl ux fl ows freely and emits a 
vapor in the form of a light gray smoke-like 
plume. This fl ux vapor, which often contains 
aldehydes, is a strong irritant and can cause 
potentially serious problems to persons who 
may have respiratory sensitivity conditions in-
cluding those who suffer from asthma. In most 
cases it is relatively easy to use a small fan to 
move the fl ux vapor away from your eyes and 
face. Open a window, if there is one, to provide 
additional air exchange. In extreme cases use 
an organic vapor cartridge respirator.

Although it is fairly obvious, be careful 
when soldering not to burn yourself. A solder-
ing iron stand is helpful.

Solvents are often used to remove excess 
fl ux after the parts have cooled to room tem-
perature. Minimize skin contact with solvents 
by wearing molded gloves that are resistant 
to the solvent.
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Other Hazards in the Ham Shack
FIRE EXTINGUISHERS

Fires in well-designed electronic equip-
ment are not common but are known to oc-
cur. Proper use of a suitable fi re extinguisher 
can make the difference between a small fi re 
with limited damage and loss of an entire 
home. Make sure you know the limitations 
of your extinguisher and the importance of 
reporting the fi re to your local fi re department 
immediately. 

Several types of extinguishers are suitable 
for electrical fi res. The multipurpose dry 
chemical or “ABC” type units are relatively 
inexpensive and contain a solid powder that 
is nonconductive. Avoid buying the smallest 
size; a 5-pound capacity will meet most re-
quirements in the home. ABC extinguishers 
are also the best choice for kitchen fi res (the 
most common location of home fi res). One 
disadvantage of this type is the residue left 
behind that might cause corrosion in electrical 
connectors. Another type of fi re extinguisher 
suitable for energized electrical equipment 
is the carbon dioxide unit. CO2 extinguish-
ers require the user to be much closer to the 
fi re, are heavy and diffi cult to handle, and 
are relatively expensive. For obvious reasons, 
water extinguishers are not suitable for fi res 
in or near electronic equipment.

CHEMICALS
We can’t seem to live without the use of 

chemicals, even in the electronics age. A num-
ber of substances are used everyday by ama-
teurs without causing ill effects. A sensible 
approach is to become knowledgeable of the 
hazards associated with the chemicals we use 
in our shack and then treat them with respect. 
Here are a few key suggestions:

Read the information that accompanies 
the chemical and follow the manufacturer’s 
recommended safety practices. If you would 
like more information than is printed on the 
label, ask for a material safety data sheet.

 Store chemicals properly away from sun-
light and sources of heat. Provide security so 
they won’t fall off the shelf. Secure them so 
that children and untrained persons will not 
gain access. Always keep containers labeled 
so there is no confusion about the contents. 
Use the container in which the chemical was 
purchased. 

Handle chemicals carefully to avoid spills. 
Clean up any spills or leaks promptly but don’t 
overexpose yourself in the process. Never 
dispose of chemicals in household sinks or 
drains. Instead, contact your local waste plant 
operator or fi re department to determine the 
proper disposal procedures for your area. 
Many communities have household hazard-
ous waste collection programs. Of course, 
the best solution is to only buy the amount of 

chemical that you will need, and use it all if 
possible. Always label any waste chemicals, 
especially if they are no longer in their original 
containers. Oil-fi lled capacitors and trans-
formers were once commonly fi lled with oil 
containing PCBs. Never dispose of any such 
items that may contain PCBs in landfi lls.

Always use recommended personal protec-
tive equipment (such as gloves, face shield, 
splash goggles and aprons). If corrosives (ac-
ids or caustics) are splashed on you immedi-
ately rinse with cold water for a minimum 
of 15 minutes to fl ush the skin thoroughly. If 
splashed in the eyes, direct a gentle stream 
of cold water into the eyes for at least 15 
minutes. Gently lift the eyelids so trapped 
liquids can be fl ushed completely. Start fl ush-
ing before removing contaminated clothing. 
Seek professional medical assistance. It is 
unwise to work alone since people splashed 
with chemicals need the calm infl uence of 
another person.

Food and chemicals don’t mix. Keep food, 
drinks and cigarettes away from areas where 

chemicals are used and don’t bring your 
chemicals to places where you eat.

Table 3.1 summarizes the uses and haz-
ards of chemicals used in the ham shack. It 
includes preventive measures that can mini-
mize risk.

ERGONOMICS
Ergonomics is a term that loosely means 

“fi tting the work to the person.” If tools and 
equipment are designed around what people 
can accommodate, the results will be much 
more satisfactory. For example, in the 1930s 
research was done in telephone equipment 
manufacturing plants because use of long-
nosed pliers for wiring switchboards required 
considerable force at the end of the hand’s 
range of motion. A simple tool redesign re-
solved this issue. 

Considerable attention has been focused 
on ergonomics in recent years because we 
have come to realize that long periods of 
time spent in unnatural positions can lead 
to repetitive-motion injuries. Much of this 

High-Voltage Hazards

What happens when someone receives an electrical shock?
Electrocutions (fatal electric shocks) usually are caused by the heart ceasing to 

beat in its normal rhythm. This condition, called ventricular fi brillation, causes the 
heart muscles to quiver and stop working in a coordinated pattern, in turn prevent-
ing the heart from pumping blood. 

The current fl ow that results in ventricular fi brillation varies between individuals 
but may be in the range of 100 mA to 500 mA. At higher current levels the heart 
may have less tendency to fi brillate but serious damage would be expected. Stud-
ies have shown 60-Hz alternating current to be more hazardous than dc currents. 
Emphasis is placed on application of cardiopulmonary resuscitation (CPR), as 
this technique can provide mechanical fl ow of some blood until paramedics can 
“restart” the heart’s normal beating pattern. Defi brillators actually apply a carefully 
controlled dc voltage to “shock” the heart back into a normal heartbeat. It doesn’t 
always work but it’s the best procedure available. 

What are the most important factors associated with severe shocks?
You may have heard that the current that fl ows through the body is the most 

important factor, and this is generally true. The path that current takes through the 
body affects the outcome to a large degree. While simple application of Ohm’s 
Law tells us that the higher the voltage applied with a fi xed resistance, the greater 
the current that will fl ow. Most electrical shocks involve skin contact. Skin, with its 
layer of dead cells and often fatty tissues, is a fair insulator. Nonetheless, as volt-
age increases the skin will reach a point where it breaks down. Then the lowered 
resistance of deeper tissues allows a greater current to fl ow. This is why electrical 
codes refer to the term “high voltage” as a voltage above 600 V.

How little a voltage can be lethal?
This depends entirely on the resistance of the two contact points in the circuit, 

the internal resistance of the body, and the path the current travels through the 
body. Historically, reports of fatal shocks suggest that as little as 24 V could be 
fatal under extremely adverse conditions. To add some perspective, one standard 
used to prevent serious electrical shock in hospital operating rooms limits leakage 
fl ow from electronic instruments to only 50 µA due to the use of electrical devices 
and related conductors inside the patient’s body.
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Table 3.1
Properties and Hazards of Chemicals often used in the Shack or Workshop
Generic Chemical Name Purpose or Use Hazards Ways to Minimize Risks

Lead-tin solder Bonding electrical Lead exposure  Always wash hands after
    components    (mostly from hand contact)    soldering or touching solder. 
  Flux exposure (inhalation) Use good ventilation.
   
Isopropyl alcohol Flux remover Dermatitis (skin rash) Wear molded gloves suitable 
      for solvents.
  Vapor inhalation Use good ventilation and
      avoid aerosol generation.
  Fire hazard Use good ventilation, limit use to
      small amounts, keep ignition
      sources away, dispose of 
      rags only in tightly sealed 
      metal cans.
   
Freons Circuit cooling and Vapor inhalation Use adequate ventilation.
    general solvent Dermatitis  Wear molded gloves suitable
      for solvents.
   
Phenols and Enameled wire/ Strong skin corrosive Avoid skin contact; wear 
   methylene chloride    paint stripper     suitable molded gloves; use 
      adequate ventilation.
   
Beryllium oxide Ceramic insulator that  Toxic when in fi ne dust Avoid grinding, sawing or
    can conduct heat well     form and inhaled    reducing to dust form.
   
Beryllium metal Lightweight metal,  Same as beryllium oxide  Avoid grinding, sawing,
    alloyed with copper     welding or reducing to dust.
   Contact supplier for special procedures.
   
Various paints Finishing Exposures to solvents Adequate ventilation; use
      respirator when spraying.
  Exposures to sensitizers Adequate ventilation and
     (especially urethane paint)    use respirator. 
  Exposure to toxic metals  Adequate ventilation and
     (lead, cadmium, chrome,    use respirator. 
     and so on) in pigments 
  Fire hazard (especially Adequate ventilation;
     when spray painting)    control of residues; eliminate 
      ignition sources.
   
   
Ferric chloride Printed circuit Skin and eye contact Use suitable containers;
    board etchant     wear splash goggles and
      molded gloves suitable for acids.
   
Ammonium persulphate  Printed circuit Skin and eye contact Use suitable containers;
   and mercuric chloride    board etchants     wear splash goggles and 
      molded gloves suitable for acids.
Epoxy resins General purpose Dermatitis and possible   Avoid skin contact. Mix
    cement or paint    sensitizer    only amount needed.
   
Sulfuric acid Electrolyte in  Strong corrosive when Always wear splash goggles and
    lead-acid batteries    on skin or eyes.    molded plastic gloves (PVC) when
  Will release hydrogen    handling. Keep ignition sources 
     when charging (fi re,    away from battery when charging.
     explosion hazard).    Use adequate ventilation.

attention has been focused on people whose 
job tasks have required them to operate com-
puter terminals. While most Amateur Radio 
operators do not devote as much time to their 
hobby as they might in a full-time job, it does 
make sense to consider comfort and fl exibil-
ity when choosing furniture and arranging it 
in the shack or workshop. Adjustable height 
chairs are available with air cylinders to serve 

as a shock absorber. Footrests might come 
in handy if the chair is so high that your feet 
cannot support your lower leg weight. The 
height of tables and keyboards often is not 
adjustable.

Placement of computer screens should take 
into consideration the refl ected light com-
ing from windows. It is always wise to build 
into your sitting sessions time to walk around 

and stimulate blood circulation. Your muscles 
are less likely to stiffen, while the fl exibility 
in your joints can be enhanced by moving 
around.

Selection of hand tools is another area 
where there are choices to make that may af-
fect how comfortable you will be while work-
ing in your shack. Look for screwdrivers with 
pliable grips. Take into account how heavy 
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things are before picking them up — your 
back will thank you. 

ENERGIZED CIRCUITS
Working with energized circuits can be 

very hazardous since our senses cannot di-
rectly detect dangerous voltages. The fi rst 
thing we should ask ourselves when faced 
with troubleshooting, aligning or other “live” 
procedures is, “Is there a way to reduce the 
hazard of electrical shock?” Here are some 
ways of doing just that.

1. If at all possible, troubleshoot with an 
ohmmeter. With a reliable schematic diagram 
and careful consideration of how various cir-
cuit conditions may refl ect resistance read-
ings, it will often be unnecessary to do live 
testing.

2. Keep a fair distance from energized 
circuits. What is considered “good practice” 
in terms of distance? The National Electri-
cal Code specifi es minimum working space 
around electric equipment depending on the 
voltage level. The principle here is that a per-
son doing live work needs adequate space so 
they are not forced to be dangerously close 
to energized equipment.

3. If you need to measure the voltage of a 

The ARRL RF Safety Committee
The ARRL maintains an RF Safety Committee composed of scientifi c and 

medical experts in the many aspects of the study of RF safety. The RFSC 
serves as a resource to the ARRL Board of Directors and to the Amateur Radio 
community with regard to RF safety-related questions and problems. It moni-
tors and analyzes relevant research and its members participate in standards 
coordinating committees and other expert committees related to this subject. 
The RFSC is responsible for writing about RF safety in ARRL publications and 
is consulted to confi rm the accuracy of RF safety-related issues in articles 
submitted to QST and QEX. The RFSC participates in generating the RF safety 
questions for FCC amateur question pools and works with the FCC in develop-
ing its environmental regulations.

This section was written by the ARRL RFSC, chaired by Gregory Lapin, PhD, 
PE, N9GL with input from committee members Robert Gold, MD, WØKIZ, A. 
William Guy, PhD, W7PO, William Kaune, PhD, W7IEQ, William Raskoff, MD, 
K6SQL, James Ross, MD, MPH, W4GHL, Kai Siwiak, PE, PhD, KE4PT, and 
Bruce Small, MD, KM2L. The committee is aided in its tasks by its ARRL Staff 
Liaison, Ed Hare, W1RFI and its ARRL Board Liaison, Howard Huntington, 
K9KM. In the preparation of this section, the RFSC gratefully acknowledges 
the editorial assistance of C-K Chou, PhD and Mays Swicord, PhD, both of 
 Motorola Labs and Robert Cleveland, PhD and Ed Mantiply, both of the FCC 
Offi ce of Engineering and Technology.

circuit, install the voltmeter with the power 
safely off, back up, and only then energize 
the circuit. Remove the power before discon-
necting the meter.

4. If you are building equipment that has 
hinged or easily removable covers that could 
expose someone to an energized circuit, in-
stall interlock switches that safely remove 
power in the event that the enclosure was 
opened with the power still on. Interlock 
switches are generally not used if tools are 
required to open the enclosure.

5. Never assume that a circuit is at zero 
potential even if the power is switched off and 
the power cable disconnected. Capacitors can 
retain a charge for a considerable period of 
time. Bleeder resistors should be installed, but 
don’t assume they have bled off the voltage. 
Instead, after power is removed and discon-
nected use a “shorting stick” to ground all 
exposed conductors and ensure that voltage is 
not present. Avoid using screwdrivers, as this 
brings the amateur too close to the circuit and 
could ruin the screwdriver’s blade.

6. If you must hold a probe to take a measure-
ment, always keep one hand in your pocket. As 
mentioned in the sidebar on high-voltage haz-
ards, the worst path current could take through 

your body is from hand to hand since the fl ow 
would pass through the chest cavity.

7. Make sure someone is in the room with 
you and that they know how to remove the 
power safely. If they grab you with the power 
still on they will be shocked as well.

8. Test equipment probes and their leads 
must be in very good condition and rated for 
the conditions they will encounter.

9. Be wary of the hazards of “fl oating” 
(ungrounded) test equipment. A number of 
options are available to avoid this hazard. 

10. Ground-fault circuit interrupters can 
offer additional protection for stray currents 
that fl ow through the ground on 120-V cir-
cuits. Know their limitations. They cannot 
offer protection for the plate supply voltages 
in linear amplifi ers, for example.

11. Older radio equipment containing ac/dc 
power supplies have their own hazards. If 
working on these live, use an isolation trans-
former, as the chassis may be connected di-
rectly to the hot or neutral power conductor.

12. Be aware of electrolytic capacitors that 
might fail if used outside their intended ap-
plications.

13. Replace fuses only with those having 
proper ratings.

RF Safety
Amateur Radio is basically a safe activ-

ity. In recent years, however, there has been 
considerable discussion and concern about 
the possible hazards of electromagnetic fi elds 
(EMF), including both RF energy and power 
frequency (50-60 Hz) EMF. FCC regulations 
set limits on the maximum permissible ex-
posure (MPE) allowed from the operation of 
radio transmitters. Following these regula-
tions, along with the use of good RF practices, 
will make your station as safe as possible. 
This section, written by the ARRL RF Safety 
Committee (see sidebar), deals with the topic 
of electromagnetic safety.

HOW EMF AFFECTS MAMMALIAN 
TISSUE

All life on Earth has adapted to live in 
an environment of weak, natural, low fre-
quency electromagnetic fi elds, in addition to 
the Earth’s static geomagnetic fi eld. Natural 
low-frequency EM fi elds come from two main 
sources: the sun and thunderstorm activity. 
During the past 100 years, man-made fi elds 
at much higher intensities and with different 
spectral distributions have altered our EM 
background. Researchers continue to look at 
the effects of RF exposure over a wide range 
of frequencies and levels.

Both RF and power frequency fi elds are 
classifi ed as nonionizing radiation because 
the frequency is too low for there to be enough 

photon energy to ionize atoms. Ionizing ra-
diation, such as X-rays, gamma rays and some 
ultraviolet radiation, has enough energy to 
knock electrons loose from atoms. When 
this happens, positive and negative ions are 
formed. Still, at suffi ciently high power den-
sities, nonionizing EMF poses certain health 
hazards. 

It has been known since the early days of 
radio that RF energy can cause injuries by 
heating body tissue. Anyone who has ever 
touched an improperly grounded radio chas-
sis or energized antenna and received an RF 
burn will agree that this type of injury can 
be quite painful. Excessive RF heating of 
male reproductive organs can cause sterility 
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by damaging sperm. Other health problems 
also can result from RF heating. These heat 
related health hazards are called thermal ef-
fects. A microwave oven is an application that 
puts thermal effects to practical use.

There also have been observations of 
changes in physiological function in the pres-
ence of RF energy levels that are too low 
to cause heating. These functions generally 
return to normal when the fi eld is removed. 
Although research is ongoing, no harmful 
health consequences have been linked to these 
changes.

In addition to the ongoing research, much 
else has been done to address this issue. For 
example, FCC regulations set limits on ex-
posure from radio transmitters. The Institute 
of Electrical and Electronics Engineers, the 
American National Standards Institute and 
the National Council for Radiation Protec-
tion and Measurement, among others, have 
recommended voluntary guidelines to limit 
human exposure to RF energy. The ARRL 
maintains an RF Safety Committee, consist-
ing of concerned scientists and medical doc-
tors, who volunteer to serve the radio amateur 
community to monitor scientifi c research and 
to recommend safe practices.

Thermal Effects of RF Energy 
Body tissues that are subjected to very 

high levels of RF energy may suffer serious 
heat damage. These effects depend on the 
frequency of the energy, the power density of 
the RF fi eld that strikes the body and factors 
such as the polarization of the wave and the 
grounding of the body.

At frequencies near the body’s natural 
resonances RF energy is absorbed more ef-
fi ciently. In adults, the primary resonance fre-
quency is usually about 35 MHz if the person 
is grounded, and about 70 MHz if insulated 
from the ground. Various body parts are reso-
nant at different frequencies. Body size thus 
determines the frequency at which most RF 
energy is absorbed. As the frequency is moved 
farther from resonance, RF energy absorption 
becomes less effi cient. Specifi c absorption 
rate (SAR) is a measure that takes variables 
such as resonance into account to describe the 
rate at which RF energy is absorbed in tissue, 
typically measured in watts per kilogram of 
tissue (W/kg).

Maximum permissible exposure (MPE) 
limits defi ne the maximum electric and 
magnetic fi eld strengths, and the plane-wave 
equivalent power densities associated with 
these fi elds, that a person may be exposed 
to without harmful effect, and are based on 
whole-body SAR safety levels. The safe 
exposure limits vary with frequency as the 
effi ciency of absorption changes. The MPE 
limits Safety factors are included to insure 
that the MPE fi eld strength will never result 
in an unsafe SAR.

Thermal effects of RF energy are usually 
not a major concern for most radio amateurs 
because the power levels normally used tend 
to be low and the intermittent nature of most 
amateur transmissions decreases total expo-
sure. Amateurs spend more time listening 
than transmitting and many amateur trans-
missions such as CW and SSB use low-duty-
cycle modes. With FM or RTTY, though, the 
RF is present continuously at its maximum 
level during each transmission. It is rare for 
radio amateurs to be subjected to RF fi elds 
strong enough to produce thermal effects, 
unless they are close to an energized antenna 
or unshielded power amplifi er. Specifi c sug-
gestions for avoiding excessive exposure are 
offered later in this chapter.

Athermal Effects of EMF
Biological effects resulting from exposure 

to power levels of RF energy that do not gen-
erate measurable heat are called Athermal 
Effects. A number of athermal effects of EMF 
exposure on biological tissue have been seen 
in the laboratory. However, to date all ather-
mal effects that have been discovered have 
had the same features: They are transitory, or 
go away when the EMF exposure is removed, 
and they have not been associated with any 
negative health effects.

RESEARCHING BIOLOGICAL 
EFFECTS OF EMF EXPOSURE

The statistical basis of scientifi c research 
that confuses many non-scientists is the in-
ability of science to state unequivocally that 
EMF is safe. Effects are studied by scientists 
using statistical inference where the “null hy-
pothesis” assumes there is no effect and then 
tries to disprove this assumption by proving 
an “alternative hypothesis” that there is an 
effect. The alternative hypothesis can never 
be entirely disproved because a scientist can-
not examine every possible case, so scientists 
only end up with a probability that the alterna-
tive hypothesis is not true. Thus, to be entirely 
truthful, a scientist can never say that some-
thing was proven; with respect to low-level 
EMF exposure, no scientist can guarantee 
that it is absolutely safe. At best, science can 
only state that there is a very low probability 
that it is unsafe. While scientists accept this 
truism, many members of the general public 
who are suspicious of EMF and its effects 
on humans see this as a reason to continue 
to be afraid.

There are two types of scientifi c study that 
are used to learn about the effects of EMF 
exposure on mammalian biology: laboratory 
and epidemiological.

Laboratory Study
Scientists conduct laboratory research us-

ing animals to learn about biological mecha-
nisms by which EMF may affect mammals. 

The main advantage of laboratory studies on 
the biological effects of EMF is that the expo-
sures can be controlled very accurately.

Some major disadvantages of laboratory 
study also exist. EMF exposure may not af-
fect the species of animals used in the in-
vestigations the same way that humans may 
respond. A common example of this misdirec-
tion occurred with eye research. Rabbits had 
been used for many years to determine that 
exposure of the eyes to high levels of EMF 
could cause cataracts. The extrapolation of 
these results to humans led to the fear that use 
of radio would harm one’s vision. However, 
the rabbit’s eye is on the surface of its skull 
while the human eye is buried deep within 
the bony orbit in the skull. Thus, the human 
eye receives much less exposure from EMF 
and is less likely to be damaged by the same 
exposures that had been used in the laboratory 
experiments on rabbits.

Some biological processes that affect tissue 
can take many years to occur and laboratory 
experiments on animals tend to be of shorter 
duration, in part because the life spans of most 
animals are much shorter than that of humans. 
For instance, a typical laboratory rat can be 
studied at most for two years, during which 
it progresses from youth to old age with all 
of the attendant physiological changes that 
come from normal aging. A disease process 
that takes multiple exposures over many years 
to occur is unlikely to be seen in a laboratory 
study with small animals

Epidemiological Research
Epidemiologists look at the health patterns 

of large groups of people using statistical 
methods. In contrast to laboratory research, 
epidemiological research has very poor con-
trol of its subjects’ exposures to EMF but it 
has the advantages of being able to analyze the 
effects of a lifetime of exposure and of being 
able to average out variations among large 
populations of subjects. By their basic design, 
epidemiological studies do not demonstrate 
cause and effect, nor do they postulate mecha-
nisms of disease. Instead, epidemiologists 
look for associations between an environmen-
tal factor and an observed pattern of illness. 
Apparent associations are often seen in small 
preliminary studies that later are shown to 
have been incorrect. At best, such results are 
used to motivate more detailed epidemiologi-
cal studies and laboratory studies that narrow 
down the search for cause-and-effect.

Some preliminary studies have suggested a 
weak association between exposure to EMF at 
home or at work and various malignant condi-
tions including leukemia and brain cancer. A 
larger number of equally well-designed and 
performed studies, however, have found no 
association. Risk ratios as high as 2 have been 
observed in some studies. This means that 
the number of observed cases of disease in 
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the test group is up to 2 times the “expected” 
number in the population. Epidemiologists 
generally regard a risk ratio of 4 or greater to 
be indicative of a strong association between 
the cause and effect under study. For example, 
men who smoke one pack of cigarettes per 
day increase their risk for lung cancer tenfold 
compared to nonsmokers and two packs per 
day increases the risk to more than 25 times 
the nonsmokers’ risk.

Epidemiological research by itself is rare-
ly conclusive, however. Epidemiology only 
identifi es health patterns in groups — it does 
not ordinarily determine their cause. There 
are often confounding factors. Most of us 
are exposed to many different environmental 
hazards that may affect our health in various 
ways. Moreover, not all studies of persons 
likely to be exposed to high levels of EMF 
have yielded the same results (see sidebar on 
preliminary epidemiological studies).

SAFE EXPOSURE LEVELS
How much EMF energy is safe? Scientists 

and regulators have devoted a great deal of ef-
fort to deciding upon safe RF-exposure limits. 
This is a very complex problem, involving 
diffi cult public health and economic consid-
erations. The recommended safe levels have 
been revised downward several times over the 
years — and not all scientifi c bodies agree on 
this question even today. The latest Institute of 
Electrical and Electronics Engineers (IEEE) 
C95.1 standard for recommended radio fre-
quency exposure limits was published in 2006, 
updating one that had previously been pub-
lished in 1991 and adopted by the American 
National Standards Institute (ANSI) in 1992. 
In the new standard changes were made to 
better refl ect the current research, especially 
related to the safety of cellular telephones. At 
some frequencies the new standard determined 
that higher levels of exposure than previously 
thought are safe (see sidebar, “Where Do RF 
Safety Standards Come From?”).

The IEEE C95.1 standard recommends 
frequency-dependent and time-dependent 
maximum permissible exposure levels. Un-
like earlier versions of the standard, the 1991 
and 2006 standards set different RF expo-
sure limits in controlled environments (where 
energy levels can be accurately determined 
and everyone on the premises is aware of the 
presence of EM fi elds) and in uncontrolled 
environments (where energy levels are not 
known or where people may not be aware of 
the presence of EM fi elds). FCC regulations 
adopted these concepts to include controlled/
occupational and uncontrolled/general popu-
lation exposure limits.

The graph in Fig 3.9 depicts the 1991 IEEE 
standard (which is still used as the basis of 
FCC regulation). It is necessarily a complex 
graph, because the standards differ not only 
for controlled and uncontrolled environments 

Preliminary Epidemiology
Just about every week you can pick up the newspaper and see a screaming 

banner headline such as: “Scientists Discover Link Between Radio Waves and 
Disease.” So why are you still operating your ham radio? You’ve experienced the 
inconsistency in epidemiological study of diseases. This is something that every 
radio amateur should understand in order to know how to interpret the real mean-
ing of the science behind the headlines and to help assuage the fears that these 
stories elicit in others.

Just knowing that someone who uses a radio gets a disease, such as cancer, 
doesn’t tell us anything about the cause-and-effect of that disease. People came 
down with cancer, and most other diseases, long before radio existed. What epi-
demiologists try to identify is a group of people who all have a common exposure 
to something and all suffer from a particular disease in higher proportion than 
would be expected if they were not exposed. This technique has been highly ef-
fective in helping health offi cials notice excesses of disease due to things such as 
poisoning of water supplies by local industry and even massive exposures such 
as smoking. However, epidemiology rarely proves that an exposure causes a 
disease; rather it provides the evidence that leads to further study.

While the strength of epidemiology is that it helps scientists notice anomalies in 
entire populations, its weakness is that it is non-specifi c. An initial epidemiologi-
cal study examines only two things: suspected exposures and rates of diseases. 
These studies are relatively simple and inexpensive to perform and may point to 
an apparent association that then bears further study. For instance, in one study 
of the causes of death of a selection of Amateur Radio operators, an excess of 
leukemia was suggested. The percentage of ham radio operators who died of 
leukemia in that study was higher than expected based on the percentage of the 
rest of the population that died of leukemia. By itself, this has little meaning and 
should not be a cause for concern, since the study did not consider anything 
else about the sample population except that they had ham licenses. Many other 
questions arise: Were the study subjects exposed to any unusual chemicals? 
Did any of the study subjects have a family history of leukemia? Did the licensed 
amateurs even operate radios, what kind and how often? To an epidemiolo-
gist, this result might provide enough impetus to raise the funds to gather more 
specifi c information about each subject and perform a more complete study that 
strengthens the apparent associations. However, a slight excess of disease in a 
preliminary study rarely leads to further study. Commonly, an epidemiologist does 
not consider a preliminary study to be worth pursuing unless the ratio of excess 
disease, also called the risk ratio, is 4:1 or greater. Unfortunately, most news 
reporters are not epidemiologists and do not understand this distinction. Rather, 
a slight excess of disease in a preliminary study can lead to banner headlines 
that raise fear in the society, causing unreasonable resistance to things like cell 
phones and ham radios.

Headlines that blow the results of preliminary epidemiological studies out of 
proportion are rarely followed by retractions that are as visible if the study is fol-
lowed up by one that is more complete and shows no association with disease. 
In the case of the aforementioned epidemiological study of hams’ licensing and 
death records, overblown publicity about the results has led to the urban legend 
that ham radio operators are likely to come down with leukemia. Not only is this 
an unfounded conclusion due to the preliminary nature of the original study, but 
a similar study was recently performed by the National Cancer Institute using a 
far larger number of subjects and no signifi cant excess of any disease was found. 
Hams should be able to recognize when sensationalistic headlines are based on 
inconclusive science and should be prepared to explain to their families, friends 
and neighbors just how inconclusive such results are.

but also for electric (E) fi elds and magnetic (H) 
fi elds. Basically, the lowest E-fi eld exposure 
limits occur at frequencies between 30 and 
300 MHz. The lowest H-fi eld exposure levels 
occur at 100-300 MHz. The ANSI standard 
sets the maximum E-fi eld limits between 30 
and 300 MHz at a power density of 1 mW/cm2 
(61.4 V/m) in controlled environments — but 
at one-fi fth that level (0.2 mW/cm2 or 27.5 
V/m) in uncontrolled environments. The H-

fi eld limit drops to 1 mW/cm2 (0.163 A/m) at 
100-300 MHz in controlled environments and 
0.2 mW/cm2 (0.0728 A/m) in uncontrolled 
environments. Higher power densities are per-
mitted at frequencies below 30 MHz (below 
100 MHz for H fi elds) and above 300 MHz, 
based on the concept that the body will not be 
resonant at those frequencies and will there-
fore absorb less energy.

In general, the ANSI/IEEE standard requires 
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Where Do RF Safety Standards Come From?
So much of the way we deal with RF Safety is based on 

“Safety Standards.” The FCC environmental exposure regula-
tions that every ham must follow are largely restatements of 
the conclusions reached by some of the major safety stan-
dards. How are these standards developed and why should 
we trust them?

The preeminent RF safety standard in the world was devel-
oped by the Institute of Electrical and Electronics Engineers 
(IEEE). The most recent edition is entitled C95.1 -2005: IEEE 
Standard for Safety Levels with Respect to Human Exposure 
to Radio Frequency Electromagnetic Fields, 3 kHz to 300 
GHz. The IEEE C95.1 Standard has a long history. The fi rst 
C95.1 RF safety standard was released in 1966, was less 
than 2 pages long and listed no references. It essentially said 
that for frequencies between 10 MHz and 100 GHz people 
should not be exposed to a power density greater than 10 
mW/cm2. The C95.1 standard was revised in 1974, 1982, 
1991 and 2005. The latest (2005) edition of the standard was 
published in 2006, is 250 pages long and has 1143 referenc-
es to the scientifi c literature. Most of the editions of the IEEE 
C95.1 standard were adopted by the American National Stan-
dards Institute (ANSI) a year or two after they were published 
by IEEE. The 2005 edition was adopted by ANSI in 2006.

The committee at IEEE that developed the latest revision to 
C95.1 is called International Committee on Electromagnetic 
Safety Technical Committee 95 Subcommittee 4 and had a 
large base of participants. The subcommittee was co-chaired 
by C-K Chou, Ph.D., of Motorola Laboratories, and John 
D’Andrea, PhD, of the U.S. Naval Health Research Center. 

Fig 3.9 — 1991 RF protection guidelines for body exposure of humans. It is known offi cially as the “IEEE Standard for Safety Levels 
with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz.”

The committee had 132 members, 42% of whom were from 
23 countries outside the United States. The members of the 
committee represented academia (27%), government (34%), 
industry (17%), consultants (20%) and the general public 
(2%). 

Early editions of C95.1 were based on the concept that 
heat generated in the body should be limited to prevent 
damage to tissue. Over time the standard evolved to protect 
against all known adverse biological effects regardless of the 
amount of heat generated. The 2005 revision was based on 
the principles that the standard should protect human health 
yet still be practical to implement, its conclusions should be 
based solely on scientifi c evidence and wherever scientifi cal-
ly defensible it should be harmonized with other international 
RF safety standards. It based its conclusions on 50 years of 
scientifi c study. From over 2500 studies on EMF performed 
during that time, 1300 were selected for their relevance to 
the health effects of RF exposure. The science in these stud-
ies was evaluated for its quality and methodology and 1143 
studies were referenced in producing the latest standard.

Other major standards bodies have published similar 
standards. The National Council for Radiation Protection and 
Measurement (NCRP) published its safety standard entitled, 
Report No. 86: Biological Effects and Exposure Criteria for 
Radiofrequency Electromagnetic Fields in 1986. The Inter-
national Commission on Non-Ionizing Radiation Protection 
(ICNIRP) published its safety standard entitled Guidelines for 
Limiting Exposure to Time-Varying Electric, Magnetic, and 
Electromagnetic Fields (Up to 300 GHz) in 1998.

averaging the power level over time periods 
ranging from 6 to 30 minutes for power-den-
sity calculations, depending on the frequency 
and other variables. The ANSI/IEEE exposure 
limits for uncontrolled environments are lower 
than those for controlled environments, but 
to compensate for that the standard allows 

exposure levels in those environments to be 
averaged over much longer time periods (gen-
erally 30 minutes). This long averaging time 
means that an intermittent RF source (such as 
an Amateur Radio transmitter) will result in a 
much lower exposure than a continuous-duty 
station, with all other parameter being equal. 

Time averaging is based on the concept that 
the human body can withstand a greater rate 
of body heating (and thus, a higher level of RF 
energy) for a short time.

Another national body in the United States, 
the National Council for Radiation Protection 
and Measurement (NCRP), also has adopted 
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recommended exposure guidelines. NCRP 
urges a limit of 0.2 mW/cm2 for nonoccupa-
tional exposure in the 30- 300 MHz range. The 
NCRP guideline differs from IEEE in that it 
takes into account the effects of modulation 
on an RF carrier.

The FCC MPE regulations are based on a 
combination of the 1992 ANSI/IEEE stan-
dard and 1986 NCRP recommendations of 
NCRP. The MPE limits under the regulations 
are slightly different than the ANSI/IEEE lim-
its and do not refl ect all the assumptions and 
exclusions of the ANSI/IEEE standard.

CARDIAC PACEMAKERS AND RF 
SAFETY

It is a widely held belief that cardiac pace-
makers may be adversely affected in their 
function by exposure to EM fi elds. Amateurs 
with pacemakers may ask whether their oper-
ating might endanger themselves or visitors 
to their shacks who have a pacemaker. Be-
cause of this, and similar concerns regarding 
other sources of electromagnetic fi elds, pace-
maker manufacturers apply design methods 
that for the most part shield the pacemaker 

circuitry from even relatively high EM fi eld 
strengths.

It is recommended that any amateur who 
has a pacemaker, or is being considered for 
one, discuss this matter with his or her phy-
sician. The physician will probably put the 
amateur into contact with the technical rep-
resentative of the pacemaker manufacturer. 
These representatives are generally excellent 
resources, and may have data from laboratory 
or “in the fi eld” studies with specifi c model 
pacemakers.

One study examined the function of a mod-

FCC RF Exposure Regulations

Table A 
(From §1.1310) Limits for Maximum Permissible Exposure (MPE)

(A) Limits for Occupational/Controlled Exposure
Frequency Range  Electric Field Magnetic Field Power Density Averaging Time
(MHz) Strength (V/m) Strength (A/m) (mW/cm2) (minutes)
0.3-3.0 614 1.63 (100)* 6
3.0-30 1842/f 4.89/f (900/f2)* 6
30-300 61.4 0.163 1.0 6
300-1500 — — f/300 6
1500-100,000 — — 5 6

f = frequency in MHz
* = Plane-wave equivalent power density (see Note 1).

(B) Limits for General Population/Uncontrolled Exposure
Frequency Range  Electric Field Magnetic Field Power Density Averaging Time
(MHz) Strength (V/m) Strength (A/m) (mW/cm2) (minutes)
0.3-1.34 614 1.63 (100)* 30
1.34-30 824/f 2.19/f (180/f2)* 30
30-300 27.5 0.073 0.2 30
300-1500 — — f/1500 30
1500-100,000 — — 1.0 30

f = frequency in MHz
* = Plane-wave equivalent power density (see Note 1).
Note 1: This means the equivalent far-fi eld strength that would have the E or H-fi eld component calcu-
lated or measured. It does not apply well in the near fi eld of an antenna. The equivalent far-fi eld power 
density can be found in the near or far fi eld regions from the relationships: Pd = |Etotal|2 / 3770 mW/cm2 
or from Pd = |Htotal|2 × 37.7 mW/cm2.

FCC regulations control the amount 
of RF exposure that can result from 
your station’s operation (§§97.13, 
97.503, 1.1307 (b)(c)(d), 1.1310, 
2.1091 and 2.1093). The regulations 
set limits on the maximum permissible 
exposure (MPE) allowed from opera-
tion of transmitters in all radio services. 
They also require that certain types of 
stations be evaluated to determine if 
they are in compliance with the MPEs 
specifi ed in the rules. The FCC has 
also required that questions on RF en-
vironmental safety practices be added 
to Technician and General license 
examinations.

THE RULES
Maximum Permissible Exposure 
(MPE)

All radio stations regulated by the 
FCC must comply with the require-
ments for MPEs, even QRP stations 
running only a few watts or less. The 
MPEs vary with frequency, as shown 
in Table A. MPE limits are specifi ed 
in maximum electric and magnetic 
fi elds for frequencies below 30 MHz, 
in power density for frequencies 
above 300 MHz and all three ways 
for frequencies from 30 to 300 MHz. 
For compliance purposes, all of these 
limits must be considered separately. 
If any one is exceeded, the station is 
not in compliance. In effect, this means 
that both electric and magnetic fi eld 
must be determined below 300 MHz 
but at higher frequencies determining 
either the electric or magnetic fi eld is 
normally suffi cient.

The regulations control human 
exposure to RF fi elds, not the strength 
of RF fi elds in any space. There is no 
limit to how strong a fi eld can be as 
long as no one is being exposed to it, 
although FCC regulations require that 

amateurs use the minimum necessary 
power at all times (§97.311 [a]).

Environments

The FCC has defi ned two tiers of 
exposure limits — occupational/con-
trolled limits and general population/un-
controlled limits. Occupational/controlled 
limits apply when people are exposed 
as a condition of their employment and 
when they are aware of that exposure 
and can take steps to minimize it, if 
appropriate. General population/uncon-
trolled limits apply to exposure of the 
general public or people who are not 

normally aware of the exposure or can-
not exercise control over it. The limits for 
general population/uncontrolled expo-
sure are more stringent than the limits 
for occupational/controlled exposure. 
Specifi c defi nitions of the exposure cat-
egories can be found in Section 1.1310 
of the FCC rules.

Although occupational/controlled limits 
are usually applicable in a workplace 
environment, the FCC has determined 
that they generally apply to amateur 
operators and members of their immedi-
ate households. In most cases, occupa-
tional/controlled limits can be applied to 
your home and property to which you 
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can control physical access. The gen-
eral population/uncontrolled limits are 
intended for areas that are accessible 
by the general public, such as your 
neighbors’ properties.

The MPE levels are based on aver-
age exposure. An averaging time of 6 
minutes is used for occupational/con-
trolled exposure; an averaging period of 
30 minutes is used for general popula-
tion/uncontrolled exposure.

Station Evaluations

The FCC requires that certain 
amateur stations be evaluated for 
compliance with the MPEs. Although 
an amateur can have someone else 
do the evaluation, it is not diffi cult for 
hams to evaluate their own stations. 
The ARRL book RF Exposure and You 
contains extensive information about 
the regulations and a large chapter of 
tables that show compliance distances 
for specifi c antennas and power levels. 
Generally, hams will use these tables to 
evaluate their stations. Some of these 
tables have been included in the FCC’s 
information — OET Bulletin 65 and its 
Supplement B (available for download-
ing at the FCC’s RF Safety Web site). 
If hams choose, however, they can 
do more extensive calculations, use a 
computer to model their antenna and 
exposure, or make actual measure-
ments.

Categorical Exemptions

Some types of amateur stations do 
not need to be evaluated, but these 
stations must still comply with the MPE 
limits. The station licensee remains 
responsible for ensuring that the station 
meets these requirements.

The FCC has exempted these sta-
tions from the evaluation requirement 
because their output power, operating 

mode and frequency are such that they 
are presumed to be in compliance with 
the rules.

Stations using power equal to or less 
than the levels in Table B do not have to 
be evaluated on a routine basis. For the 
100-W HF ham station, for example, an 
evaluation would be required only on 12 
and 10 meters.

Hand-held radios and vehicle-mount-
ed mobile radios that operate using 
a push-to-talk (PTT) button are also 
categorically exempt from performing 
the routine evaluation.

Repeater stations that use less than 
500 W ERP or those with antennas not 
mounted on buildings; if the antenna is 
at least 10 meters off the ground, also 
do not need to be evaluated.

Correcting Problems

Most hams are already in compli-
ance with the MPE requirements. Some 
amateurs, especially those using indoor 
antennas or high-power, high-duty-cycle 
modes such as a RTTY bulletin sta-
tion and specialized stations for moon 
bounce operations and the like may 
need to make adjustments to their sta-
tion or operation to be in compliance.

The FCC permits amateurs consider-
able fl exibility in complying with these 
regulations. As an example, hams can 
adjust their operating frequency, mode 
or power to comply with the MPE limits. 
They can also adjust their operating 
habits or control the direction their an-
tenna is pointing.

More Information

This discussion offers only an over-
view of this topic; additional information 
can be found in RF Exposure and You 
and on the ARRL Web site at www.arrl.
org/rfsafety/. The ARRL Web site has 
links to the FCC Web site, with OET 

Table B 
Power Thresholds for Routine 
Evaluation of Amateur Radio 
Stations

Wavelength  Evaluation Required if
Band Power* (watts) Exceeds:
MF
160 m 500

HF
80 m 500
75 m 500
40 m 500
30 m 425
20 m 225
17 m 125
15 m 100
12 m   75
10 m   50

VHF (all bands)   50

UHF
70 cm   70
33 cm 150
23 cm 200
13 cm 250

SHF (all bands) 250

EHF (all bands) 250

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

                                Building-mounted 
  antennas:
     power > 500 W ERP
*Transmitter power = Peak-envelope power 

input to antenna. For repeater stations only, 
power exclusion based on ERP (effective 
radiated power).

Bulletin 65 and Supplement B and links 
to software that hams can use to evalu-
ate their stations.

ern (dual chamber) pacemaker in and around 
an Amateur Radio station. The pacemaker 
generator has circuits that receive and process 
electrical signals produced by the heart, and 
also generate electrical signals that stimulate 
(pace) the heart. In one series of experiments, 
the pacemaker was connected to a heart simu-
lator. The system was placed on top of the 
cabinet of a 1-kW HF linear amplifi er dur-
ing SSB and CW operation. In another test, 
the system was placed in close proximity to 
several 1 to 5-W 2-meter hand-held transceiv-
ers. The test pacemaker was connected to the 
heart simulator in a third test, and then placed 
on the ground 9 meters below and 5 meters 

in front of a three-element Yagi HF antenna. 
No interference with pacemaker function was 
observed in these experiments.

Although the possibility of interference 
cannot be entirely ruled out by these few ob-
servations, these tests represent more severe 
exposure to EM fi elds than would ordinarily 
be encountered by an amateur — with an 
average amount of common sense. Of course 
prudence dictates that amateurs with pace-
makers, who use handheld VHF transceivers, 
keep the antenna as far as possible from the 
site of the implanted pacemaker generator. 
They also should use the lowest transmitter 
output required for adequate communication. 

For high power HF transmission, the antenna 
should be as far as possible from the operat-
ing position, and all equipment should be 
properly grounded.

LOW-FREQUENCY FIELDS
There has been considerable laboratory re-

search about the biological effects of power 
line EMF. For example, some separate studies 
have indicated that even fairly low levels of 
EMF exposure might alter the human body’s 
circadian rhythms, affect the manner in which 
T lymphocytes function in the immune system 
and alter the nature of the electrical and chemi-
cal signals communicated through the cell 
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membrane and between cells, among other 
things. Although these studies are intriguing, 
they do not demonstrate any effect of these 
low-level fields on the overall organism.

Much of this research has focused on low-
frequency magnetic fields, or on RF fields that 
are keyed, pulsed or modulated at a low audio 
frequency (often below 100 Hz). Several stud-
ies suggested that humans and animals could 
adapt to the presence of a steady RF carrier 
more readily than to an intermittent, keyed or 
modulated energy source.

The results of studies in this area, plus 
speculations concerning the effect of various 
types of modulation, were and have remained 
somewhat controversial. None of the research 
to date has demonstrated that low-level EMF 
causes adverse health effects.

Given the fact that there is a great deal of 
ongoing research to examine the health con-
sequences of exposure to EMF, the American 
Physical Society (a national group of highly 
respected scientists) issued a statement in 
May 1995 based on its review of available 
data pertaining to the possible connections of 
cancer to 60-Hz EMF exposure. Their report 
is exhaustive and should be reviewed by any-
one with a serious interest in the field. Among 
its general conclusions are the following:

1. The scientific literature and the reports of 
reviews by other panels show no consistent, 
significant link between cancer and power 
line fields.

2. No plausible biophysical mechanisms 
for the systematic initiation or promotion of 
cancer by these extremely weak 60-Hz fields 
have been identified.

3. While it is impossible to prove that no 
deleterious health effects occur from exposure 
to any environmental factor, it is necessary 
to demonstrate a consistent, significant, and 
causal relationship before one can conclude 
that such effects do occur.

In a report dated October 31, 1996, a com-
mittee of the National Research Council of the 
National Academy of Sciences has concluded 
that no clear, convincing evidence exists to 
show that residential exposures to electric 
and magnetic fields (EMF) are a threat to 
human health.

A National Cancer Institute epidemiologi-
cal study of residential exposure to magnetic 
fields and acute lymphoblastic leukemia in 
children was published in the New England 
Journal of Medicine in July 1997. The ex-
haustive, seven-year study concludes that if 
there is any link at all, it is far too weak to 
be of concern.

In 1998, the US National Institute on En-
vironmental Health Sciences organized a 
working group of experts to summarize the 
research on power-line EMF. The committee 
used the classification rules of the Internation-
al Agency for Research on Cancer (IARC) 
and performed a meta-analysis to combine all 

Table 3.2
Typical 60-Hz Magnetic Fields Near Amateur Radio Equipment and  
AC-Powered Household Appliances
Values are in milligauss.
Item 	 Field 	 Distance
Electric blanket 	 30-90 	 Surface
Microwave oven 	 10-100 	 Surface
	 1-10	 12 in.
IBM personal computer 	 5-10 	 Atop monitor
	 0-1	 15 in. from screen
Electric drill 	 500-2000 	 At handle
Hair dryer 	 200-2000 	 At handle
HF transceiver 	 10-100 	 Atop cabinet
	 1-5	 15 in. from front
1-kW RF amplifier 	 80-1000 	 Atop cabinet
	 1-25	 15 in. from front
(Source: measurements made by members of the ARRL RF Safety Committee)

Table 3.3
Typical RF Field Strengths Near Amateur Radio Antennas
A sampling of values as measured by the Federal Communications Commission and Environ-
mental Protection Agency, 1990
Antenna Type 	 Freq 	 Power 	 E Field 	 Location 
	 (MHz) 	 (W) 	 (V/m) 
Dipole in attic 	 14.15 	   100 	 7-100 	 In home
Discone in attic 	 146.5 	   250 	 10-27 	 In home
Half sloper 	 21.5 	 1000 	 50 	 1 m from base
Dipole at 7-13 ft 	 7.14 	   120 	 8-150	 1-2 m from earth
Vertical 	 3.8 	   800 	 180 	 0.5 m from base
5-element Yagi at 60 ft 	 21.2 	 1000 	 10-20 	 In shack
			   14 	 12 m from base
3-element Yagi at 25 ft 	 28.5 	 425 	 8-12 	 12 m from base
Inverted V at 22-46 ft 	 7.23 	 1400 	 5-27 	 Below antenna
Vertical on roof 	 14.11 	 140 	 6-9	 In house
			   35-100 	 At antenna tuner
Whip on auto roof 	 146.5 	 100 	 22-75 	 2 m antenna
			   15-30	 In vehicle
			   90	 Rear seat
5-element Yagi at 20 ft 	 50.1 	 500 	 37-50 	 10 m antenna

past results as if they had been performed in a 
single study. The NIEHS working group con-
cluded that the research did not show this type 
of exposure to be a carcinogen but could not 
rule out the possibility either. Therefore, they 
defined power-line EMF to be a Class 2b car-
cinogen under the IARC classification. The 
definition, as stated by the IARC is: “Group 
2B: The agent is possibly carcinogenic to 
humans. There is limited epidemiological 
evidence plus limited or inadequate animal 
evidence.” Other IARC Class 2b carcinogens 
include automobile exhaust, chloroform, cof-
fee, ceramic and glass fibers, gasoline and 
pickled vegetables.

Readers may want to follow this topic as 
further studies are reported. Amateurs should 
be aware that exposure to RF and ELF (60 Hz) 
electromagnetic fields at all power levels and 
frequencies has not been fully studied under 
all circumstances. “Prudent avoidance” of any 
avoidable EMF is always a good idea. Prudent 
avoidance doesn’t mean that amateurs should 

be fearful of using their equipment. Most 
amateur operations are well within the MPE 
limits. If any risk does exist, it will almost 
surely fall well down on the list of causes that 
may be harmful to your health (on the other 
end of the list from your automobile). It does 
mean, however, that hams should be aware of 
the potential for exposure from their stations, 
and take whatever reasonable steps they can 
take to minimize their own exposure and the 
exposure of those around them.

Although the FCC doesn’t regulate 60-Hz 
fields, some recent concern about EMF has 
focused on 60 Hz. Amateur Radio equipment 
can be a significant source of 60 Hz fields, 
although there are many other sources of this 
kind of energy in the typical home. Magnetic 
fields can be measured relatively accurately 
with inexpensive 60-Hz meters that are made 
by several manufacturers.

Table 3.2 shows typical magnetic field 
intensities of Amateur Radio equipment  
and various household items.
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DETERMINING RF POWER DENSITY 
Unfortunately, determining the power den-

sity of the RF fi elds generated by an amateur 
station is not as simple as measuring low-
frequency magnetic fi elds. Although sophis-
ticated instruments can be used to measure 
RF power densities quite accurately, they 
are costly and require frequent recalibration. 
Most amateurs don’t have access to such 
equipment, and the inexpensive fi eld-strength 
meters that we do have are not suitable for 
measuring RF power density.

Table 3.3 shows a sampling of measure-
ments made at Amateur Radio stations by 
the Federal Communications Commission 
and the Environmental Protection Agency in 
1990. As this table indicates, a good antenna 
well removed from inhabited areas poses no 
hazard under any of the ANSI/IEEE guide-
lines. However, the FCC/EPA survey also 
indicates that amateurs must be careful about 
using indoor or attic-mounted antennas, mo-
bile antennas, low directional arrays or any 
other antenna that is close to inhabited areas, 
especially when moderate to high power is 
used.

Ideally, before using any antenna that is 
in close proximity to an inhabited area, you 
should measure the RF power density. If that 
is not feasible, the next best option is make the 
installation as safe as possible by observing 
the safety suggestions listed in Table 3.4.

It also is possible, of course, to calculate 
the probable power density near an antenna 
using simple equations. Such calculations 
have many pitfalls. For one, most of the situ-
ations where the power density would be high 
enough to be of concern are in the near fi eld. 
In the near fi eld, ground interactions and other 
variables produce power densities that cannot 
be determined by simple arithmetic. In the far 
fi eld, conditions become easier to predict with 
simple calculations.

The boundary between the near fi eld and 
the far fi eld depends on the wavelength of the 
transmitted signal and the physical size and 
confi guration of the antenna. The boundary 
between the near fi eld and the far fi eld of 
an antenna can be as much as several wave-
lengths from the antenna.

Computer antenna-modeling programs are 
another approach you can use. MININEC or 
other codes derived from NEC (Numerical 
Electromagnetics Code) are suitable for esti-
mating RF magnetic and electric fi elds around 
amateur antenna systems.

These models have limitations. Ground in-
teractions must be considered in estimating 
near-fi eld power densities, and the “correct 
ground” must be modeled. Computer model-
ing is generally not sophisticated enough to 
predict “hot spots” in the near fi eld — places 
where the fi eld intensity may be far higher 
than would be expected, due to refl ections 
from nearby objects. In addition, “nearby 

Table 3.4
RF Awareness Guidelines
These guidelines were developed by the ARRL RF Safety Committee, based on the FCC/EPA 
measurements of Table 3.2 and other data.

• Although antennas on towers (well away from people) pose no exposure problem, make 
certain that the RF radiation is confi ned to the antennas’ radiating elements themselves. 
Provide a single, good station ground (earth), and eliminate radiation from transmission lines. 
Use good coaxial cable or other feed line properly. Avoid serious imbalance in your antenna 
system and feed line. For high-powered installations, avoid end-fed antennas that come 
directly into the transmitter area near the operator.

• No person should ever be near any transmitting antenna while it is in use. This is especially 
true for mobile or ground-mounted vertical antennas. Avoid transmitting with more than 25 W 
in a VHF mobile installation unless it is possible to fi rst measure the RF fi elds inside the ve-
hicle. At the 1-kW level, both HF and VHF directional antennas should be at least 35 ft above 
inhabited areas. Avoid using indoor and attic-mounted antennas if at all possible. If open-wire 
feeders are used, ensure that it is not possible for people (or animals) to come into accidental 
contact with the feed line.

• Don’t operate high-power amplifi ers with the covers removed, especially at VHF/UHF.

• In the UHF/SHF region, never look into the open end of an activated length of waveguide or 
microwave feed-horn antenna or point it toward anyone. (If you do, you may be exposing your 
eyes to more than the maximum permissible exposure level of RF radiation.) Never point a 
high-gain, narrow-bandwidth antenna (a paraboloid, for instance) toward people. Use caution 
in aiming an EME (moonbounce) array toward the horizon; EME arrays may deliver an effec-
tive radiated power of 250,000 W or more.

• With hand-held transceivers, keep the antenna away from your head and use the lowest 
power possible to maintain communications. Use a separate microphone and hold the rig as 
far away from you as possible. This will reduce your exposure to the RF energy.

• Don’t work on antennas that have RF power applied.

• Don’t stand or sit close to a power supply or linear amplifi er when the ac power is turned on. 
Stay at least 24 inches away from power transformers, electrical fans and other sources of 
high-level 60-Hz magnetic fi elds.

objects” often change or vary with weather 
or the season, therefore the model so labori-
ously crafted may not be representative of 
the actual situation, by the time it is running 
on the computer.

Intensely elevated but localized fi elds often 
can be detected by professional measuring in-
struments. These “hot spots” are often found 
near wiring in the shack, and metal objects 
such as antenna masts or equipment cabi-
nets. But even with the best instrumentation, 
these measurements also may be misleading 
in the near fi eld. One need not make precise 
measurements or model the exact antenna 
system, however, to develop some idea of the 
relative fi elds around an antenna. Computer 
modeling using close approximations of the 
geometry and power input of the antenna will 
generally suffi ce. Those who are familiar with 
MININEC can estimate their power densities 
by computer modeling, and those who have 
access to professional power-density meters 
can make useful measurements.

While our primary concern is ordinar-
ily the intensity of the signal radiated by 
an antenna, we also should remember that 
there are other potential energy sources to 
be considered. You also can be exposed to 

excessive RF fi elds directly from a power 
amplifi er if it is operated without proper 
shielding. Transmission lines also may ra-
diate a signifi cant amount of energy under 
some conditions. Poor microwave waveguide 
joints or improperly assembled connectors 
are another source of incidental exposure.

FURTHER RF EXPOSURE 
SUGGESTIONS 

Potential exposure situations should be 
taken seriously. Based on the FCC/EPA mea-
surements and other data, the “RF awareness” 
guidelines of Table 3.4 were developed by 
the ARRL RF Safety Committee. A longer 
version of these guidelines, along with a com-
plete list of references, appeared in a QST 
article by Ivan Shulman, MD, WC2S (“Is 
Amateur Radio Hazardous to Our Health?” 
QST, Oct 1989, pp 31-34).

In addition, the ARRL has published a 
book, RF Exposure and You that helps hams 
comply with the FCC’s RF-exposure regu-
lations. The ARRL also maintains an RF-
exposure news page on its Web site. See www.
arrl.org/rfsafety. This site contains reprints 
of selected QST articles on RF exposure and 
links to the FCC and other useful sites.
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Summary
The ideas presented in this chapter are in-

tended to reinforce the concept that ham ra-
dio, like many other activities in modern life, 
does have certain risks. But by understanding 
the hazards and how to deal effectively with 
them, the risk can be minimized. Common-
sense measures can go a long way to help us 
prevent accidents. Traditionally, amateurs are 
inventors, and experimenting is a major part 
of our nature. But reckless chance-taking is 
never wise, especially when our health and 
well-being is involved. A healthy attitude to-
ward doing things the right way will help us 
meet our goals and expectations.
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