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RADIO FREQUENCY ENVIRONMENTS



RF Safety Qualifications

RF safety qualification is nothing new! The
FCC has required that the Maximum
Permissible Exposure (MPE) for Amateur
Radio stations be assessed since 1998.

The FCC added a certification statement
to Form 605 and Form 610 that had to be
affirmed by every Radio Amateur who was
Issued an FCC license, renewed their
license or changed their station address.

I certify that:
. | waive any claim to the use of any particular frequency regardless of prior use by license or otherwise;

All statements and attachments are true, complete, and correct to the best of my knowledge and belief and are made in good faith;

| am not a representative of a foreign government;

I am not subject to a denial of Federal benefits pursuant to Section 53010f the Anti-Drug Abuse Act of 1988, 21 U.5.C. § 862;

The construction of my station will NOT be an action which is likely to have a significant environmental effect [See 47 CFR Sections 1.1301-1.1319
and Section 97.13(a)];

| have read and WILL COMPLY with Section 97.13(c) of the Commission’s Rules regarding RADIO FREQUENCY (RF) RADIATION SAFETY and
the amateur service section of OST/OET Bulletin Number 65.



RF Safety Qualifications

Due to the 10-year license period, by
2008, every licensed Radio Amateur in
the US had certified that they would
comply with the FCC's rules for RF
safety.

time — Categorical Exemptions in FCC
Part §97.13(c)(1) — made it possible for
some to avoid evaluating their stations.

However, a provision of the rules at that C

I certify that:
. | waive any claim to the use of any particular frequency regardless of prior use by license or otherwise;
All statements and attachments are true, complete, and correct to the best of my knowledge and belief and are made in good faith;
| am not a representative of a foreign government;
I am not subject to a denial of Federal benefits pursuant to Section 53010f the Anti-Drug Abuse Act of 1988, 21 U.5.C. § 862;
The construction of my station will NOT be an action which is likely to have a significant environmental effect [See 47 CFR Sections 1.1301-1.1319
and Section 97.13(a)];
| have read and WILL COMPLY with Section 97.13(c) of the Commission’s Rules regarding RADIO FREQUENCY (RF) RADIATION SAFETY and
the amateur service section of OST/OET Bulletin Number 65.
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In the old rules, there were
numerous exemptions from
this requirement based on
frequency of operation,
power level, and the type of
operating being done.

For example, mobile and
handheld portable
transmitters were exempt
from the need to evaluate,
as were most repeater
stations.
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Understanding the Changes
to the FCC RF Exposure Rules

Learn whether these changes affect your station, and how
you can easily evaluate it to comply with FCC regulations.

Ed Hare, W1RFI

On May 3, 2021, the new FCC rules regarding expo-
sure to RF energy went into effect. Stations operating
under the exemptions included in the old rules must
comply with the rules changes by May 3, 2023. This
article provides a historical background on the ama-
teur rules for RF exposure, as well as information
about the exposure limits, other requirements for
amateur stations, and changes to how many amateurs
can continue to be exempt from the requirement to
evaluate their stations.

Recent Changes to the Rules

When the FCC first introduced regulations about
human exposure to RF energy in 1996, amateur radio
was included. The first RF exposure rules set limits for
human exposure to radio transmitters. Although these
limits applied to amateur radio, amateurs were not
required to evaluate their stations.

In 2020, the FCC finalized significant changes to the
rules. Under the new rules, amateur stations are still
required to comply with the exposure limits, but more
amateur stations are required to conduct a “routine
station evaluation™ to determine that their station com-
plies with the limits for human exposure. In the old
rules, there were numerous exemptions from this
requirement based on frequency of operation, power
level, and the type of operating being done. Mobile and
handheld portable transmitters that used push-to-talk
(PTT) were exempt from the need to evaluate, as were
most repeater stations. These service-specific exemp-
tions were replaced in the new rules with simple
formula-based methods of determining whether a
particular station needs to be evaluated.

Determining If Your Station

Needs an Evaluation

If you performed an evaluation of your station under
the old rules, you don't need to to do so again, unless
you make a change that could increase the amount
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of RF energy present near your station, such as in-
creasing transmitter power, changing your antenna
type, or using a new band or operating mode. If you
don't make these kinds of changes, you may continue

to operate.

If your station was exernpt from evaluation under the
old rules, you'll need to either assess your station or
use the exemption formula to determine whether or
not it needs to be evaluated under the new rules.
Those with stations in this category have until May 3,
2023, to complete the evaluation.

Table 1 shows the formulas you can use to deter-
mine whether you're exempt from needing to do an
evaluation. This table cannot be used for exposure
distances < ./2= or for distances closer than 20

centimeters.

Radiated Power (ERP]
0.3-1.34 1,920 B2

1.34 -30 3 450 B2

30 — 300 3.83 R?

300 — 1500 0.0128 R?

1500 — 100000 19.2 B2

Mote: Transmitter frequency is in MHz, threshold ERP is in
watfts, R is in meters, and frequancy (f) is in MHz.

evaluation.

Using Table 1 for the frequency (f in MHz) and separation dis-
tance (R in meters) at which the RF source operates, single RF
sources are exempt if the ERF (in watts) is no more than the
calculated value prescribed for that frequency. For the exemp-
tion im Table 1 to apply, the separation distance in meters (R}
must be at least L2x, where L is the free-space operating wave-
length. If the ERF of a single RF source is not easily obtained,
than the available maximum (source-based ) time-averaged
power may be used in lieu of ERP if the device antenna(s) or
radiating structure(s) do not exceed the electrical length of /4.
If the ERF of the single RF source and transmitting antennas).
including coherent array, exceeds the ERP threshold, then the
RF source is not exempt, and the applicant must prepare an
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The FCC announced new
rules for allowable exposure
to RF energy in May 2021.

Prior “exemptions” to the
rules from 1997 have been
removed.

Stations were given until
May 2023 to evaluate and
comply with the limits to
exposure.
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amateur stations are required to conduct a “routine
station evaluation™ to determine that their station com-
plies with the limits for human exposure. In the old
rules, there were numerous exemptions from this
requirement based on frequency of operation, power
level, and the type of operating being done. Mobile and
handheld portable transmitters that used push-to-talk
(PTT) were exempt from the need to evaluate, as were
most repeater stations. These service-specific exemp-
tions were replaced in the new rules with simple
formula-based methods of determining whether a
particular station needs to be evaluated.
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If you performed an evaluation of your station under
the old rules, you don't need to to do so again, unless
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of RF energy present near your station, such as in-
creasing transmitter power, changing your antenna
type, or using a new band or operating mode. If you
don't make these kinds of changes, you may continue
to operate.

If your station was exernpt from evaluation under the
old rules, you'll need to either assess your station or
use the exemption formula to determine whether or
not it needs to be evaluated under the new rules.
Those with stations in this category have until May 3,
2023, to complete the evaluation.

Table 1 shows the formulas you can use to deter-
mine whether you're exempt from needing to do an
evaluation. This table cannot be used for exposure
distances < ./2= or for distances closer than 20
centimeters.

nsmitter Frequency

Threshold Effective
Radiated Power (ERP]
0.3-1.34 1,920 B2
1.34 -30 3 450 B2
30 — 300 3.83 R?
300 — 1500 0.0128 R?
1500 — 100000 19.2 B2

Mote: Transmitter frequency is in MHz, threshold ERP is in
watfts, R is in meters, and frequancy (f) is in MHz.

Using Table 1 for the frequency (f in MHz) and separation dis-
tance (R in meters) at which the RF source operates, single RF
sources are exempt if the ERF (in watts) is no more than the
calculated value prescribed for that frequency. For the exemp-
tion im Table 1 to apply, the separation distance in meters (R}
must be at least L2x, where L is the free-space operating wave-
length. If the ERF of a single RF source is not easily obtained,
than the available maximum (source-based ) time-averaged
power may be used in lieu of ERP if the device antenna(s) or
radiating structure(s) do not exceed the electrical length of /4.
If the ERF of the single RF source and transmitting antennas).
including coherent array, exceeds the ERP threshold, then the
RF source is not exempt, and the applicant must prepare an
evaluation.
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These specific exemptions
were replaced in the new
rules with simple formula-
based methods of
determining whether a
particular station needs to
be evaluated.
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level, and the type of operating being done. Mobile and
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particular station needs to be evaluated.
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of RF energy present near your station, such as in-
creasing transmitter power, changing your antenna
type, or using a new band or operating mode. If you
don't make these kinds of changes, you may continue
to operate.

If your station was exernpt from evaluation under the
old rules, you'll need to either assess your station or
use the exemption formula to determine whether or
not it needs to be evaluated under the new rules.
Those with stations in this category have until May 3,
2023, to complete the evaluation.

Table 1 shows the formulas you can use to deter-
mine whether you're exempt from needing to do an
evaluation. This table cannot be used for exposure
distances < ./2= or for distances closer than 20
centimeters.

Radiated Power (ERP]
0.3-1.34 1,920 B2

1.34 -30 3 450 B2

30 — 300 3.83 R?

300 — 1500 0.0128 R?

1500 — 100000 19.2 B2

Mote: Transmitter frequency is in MHz, threshold ERP is in
watfts, R is in meters, and frequancy (f) is in MHz.

Using Table 1 for the frequency (f in MHz) and separation dis-
tance (R in meters) at which the RF source operates, single RF
sources are exempt if the ERF (in watts) is no more than the
calculated value prescribed for that frequency. For the exemp-
tion im Table 1 to apply, the separation distance in meters (R}
must be at least L2x, where L is the free-space operating wave-
length. If the ERF of a single RF source is not easily obtained,
than the available maximum (source-based ) time-averaged
power may be used in lieu of ERP if the device antenna(s) or
radiating structure(s) do not exceed the electrical length of /4.
If the ERF of the single RF source and transmitting antennas).
including coherent array, exceeds the ERP threshold, then the
RF source is not exempt, and the applicant must prepare an
evaluation.
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Even if your station was
exempt from evaluation
under the old rules, you will
need to assess your station
to determine whether or not
It needs to be evaluated
under the new rules to be in
compliance.
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amateur stations are required to conduct a “routine
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level, and the type of operating being done. Mobile and
handheld portable transmitters that used push-to-talk
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most repeater stations. These service-specific exemp-
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particular station needs to be evaluated.
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Needs an Evaluation
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of RF energy present near your station, such as in-
creasing transmitter power, changing your antenna
type, or using a new band or operating mode. If you
don't make these kinds of changes, you may continue
to operate.

If your station was exernpt from evaluation under the
old rules, you'll need to either assess your station or
use the exemption formula to determine whether or
not it needs to be evaluated under the new rules.
Those with stations in this category have until May 3,
2023, to complete the evaluation.

Table 1 shows the formulas you can use to deter-
mine whether you're exempt from needing to do an
evaluation. This table cannot be used for exposure
distances < ./2= or for distances closer than 20
centimeters.

Radiated Power (ERP]
0.3-1.34 1,920 B2

1.34 -30 3 450 B2

30 — 300 3.83 R?

300 — 1500 0.0128 R?

1500 — 100000 19.2 B2

Mote: Transmitter frequency is in MHz, threshold ERP is in
watfts, R is in meters, and frequancy (f) is in MHz.

Using Table 1 for the frequency (f in MHz) and separation dis-
tance (R in meters) at which the RF source operates, single RF
sources are exempt if the ERF (in watts) is no more than the
calculated value prescribed for that frequency. For the exemp-
tion im Table 1 to apply, the separation distance in meters (R}
must be at least L2x, where L is the free-space operating wave-
length. If the ERF of a single RF source is not easily obtained,
than the available maximum (source-based ) time-averaged
power may be used in lieu of ERP if the device antenna(s) or
radiating structure(s) do not exceed the electrical length of /4.
If the ERF of the single RF source and transmitting antennas).

including coherent array, exceeds the ERP threshold, then the
RF source is not exempt, and the applicant must prepare an
evaluation.
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When you complete your
evaluation, you have fulfilled
the rules requirement.

Unless specifically
requested by the FCC, you
are not required to submit
any paperwork to them.
However, it's a good idea for
you to keep a copy of your
evaluations In your station
records.
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of RF energy present near your station, such as in-
creasing transmitter power, changing your antenna
type, or using a new band or operating mode. If you
don't make these kinds of changes, you may continue
to operate.

If your station was exernpt from evaluation under the
old rules, you'll need to either assess your station or
use the exemption formula to determine whether or
not it needs to be evaluated under the new rules.
Those with stations in this category have until May 3,
2023, to complete the evaluation.

Table 1 shows the formulas you can use to deter-
mine whether you're exempt from needing to do an
evaluation. This table cannot be used for exposure
distances < ./2= or for distances closer than 20
centimeters.

nsmitter Frequency

Threshold Effective
Radiated Power (ERP]

0.3-1.34 1,920 B2

1.34 -30 3 450 B2

30 — 300 3.83 R?

300 — 1500 0.0128 R?

1500 — 100000 19.2 B2

Mote: Transmitter frequency is in MHz, threshold ERP is in
watfts, R is in meters, and frequancy (f) is in MHz.

Using Table 1 for the frequency (f in MHz) and separation dis-
tance (R in meters) at which the RF source operates, single RF
sources are exempt if the ERF (in watts) is no more than the
calculated value prescribed for that frequency. For the exemp-
tion im Table 1 to apply, the separation distance in meters (R}
must be at least L2x, where L is the free-space operating wave-
length. If the ERF of a single RF source is not easily obtained,
than the available maximum (source-based ) time-averaged
power may be used in lieu of ERP if the device antenna(s) or
radiating structure(s) do not exceed the electrical length of /4.
If the ERF of the single RF source and transmitting antennas).
including coherent array, exceeds the ERP threshold, then the
RF source is not exempt, and the applicant must prepare an
evaluation.
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To perform an evaluation,
you're going to compare the
power density and field
strength of your antenna to
the limits in the FCC rules.
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you make a change that could increase the amount

60 September 2021

of RF energy present near your station, such as in-
creasing transmitter power, changing your antenna
type, or using a new band or operating mode. If you
don't make these kinds of changes, you may continue

to operate.

If your station was exernpt from evaluation under the
old rules, you'll need to either assess your station or
use the exemption formula to determine whether or
not it needs to be evaluated under the new rules.
Those with stations in this category have until May 3,
2023, to complete the evaluation.

Table 1 shows the formulas you can use to deter-
mine whether you're exempt from needing to do an
evaluation. This table cannot be used for exposure
distances < ./2= or for distances closer than 20

centimeters.

nsmitter Frequency Threshold Effective
Radiated Power ([ERP)
0.3-1.34 1,820 72
1.34 -30 3,450 A2
30— 300 3.83R2
300 — 1500 0.0128 R
1500 - 100000 19.2 B2

Mote: Transmitter frequency is in MHz, threshold ERP is in
watfts, R is in meters, and frequancy (f) is in MHz.

evaluation.

Using Table 1 for the frequency (f in MHz) and separation dis-
tance (R in meters) at which the RF source operates, single RF
sources are exempt if the ERF (in watts) is no more than the
calculated value prescribed for that frequency. For the exemp-
tion im Table 1 to apply, the separation distance in meters (R}
must be at least L2x, where L is the free-space operating wave-
length. If the ERF of a single RF source is not easily obtained,
than the available maximum (source-based ) time-averaged
power may be used in lieu of ERP if the device antenna(s) or
radiating structure(s) do not exceed the electrical length of /4.
If the ERF of the single RF source and transmitting antennas).
including coherent array, exceeds the ERP threshold, then the
RF source is not exempt, and the applicant must prepare an
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This Table 2 shows the limits for the amount of RF exposure

that can occur

from the

operation of
any transmitter
In any radio

service.

QST

September 2021

Table 2 — Limits for Maximum Permissible Exposure (MPE)

Frequency Electric Field | Magnetic Power Averaging Time
Range (MHz) Strength Field Density | (minutes)
(V/m) Strength (mW/
(A/m) cm?)
(A) Limits for Occupational/Controlled Exposure
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 /300 <6
1500 — 100000 5 <6
(B) Limits for General Population/Uncontrolled Exposure
0.3-1.34 614 1.63 *(100) <30
1.34 - 30 824/t 2.19/ *(180/f2) | <30
30 - 300 27.5 0.073 0.2 <30
300 - 1500 /1500 <30
1500 — 100000 1.0 <30

f = frequency in MHz and * = plane-wave equivalent power density




RF Safety Qualifications

Exposure must meet all three limits — power density,
electric field, and magnetic field strength.

Table 2 — Limits for Maximum Permissible Exposure (MPE)

Frequency
Range (MHz)

Electric Field
Strength

(V/m)

Magnetic
Field
Strength
(A/m]

Power
Density
(mW/
cm?)

Averaging Time
(minutes)

The limits are for exposure averaging over 30 minutes for
Uncontrolled and 6 minutes for Controlled.

‘ (B) Limits for General Population/Uncontrolled Exposure

(A) Limits for Occupational/Controlled Exposure
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To obtain this average exposure, evaluation should
determine the average power of the transmitter, using
mode duty factors and the on/off duty cycle of the
transmitter over the averaging period.

Table 2 — Limits for Maximum Permissible Exposure (MPE)

Frequency Electric Field | Magnetic Power Averaging Time
Range (MHz) Strength Field Density | (minutes)
(V/m) Strength (mW/
(A/m) cm?)

‘ (B) Limits for General Population/Uncontrolled Exposure

(A) Limits for Occupational/Controlled Exposure
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This seems to be incomprehensible and a lot of work!

In-com-pre-hen-si-ble
/ in kdmpra hensab(a)l/

adjective

1. not able to be understood; not intelligible:
"a language that is incomprehensible to anyone outside the office’

)

iy« T
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H FCC RF-Exposure
Oweve r, th e P The FCC has changed its RF-exposure rules, eliminating service-specific exemptions from the need

Regulations — the Station ) ) ) i )
Evaluation to do a routine RF-safety evaluation and replacing those exemptions with a formula that applies to all

AR R L h as radio services. See the FAQ on the ARRL RF-Exposure page for more information. The rules did not
ARRL RF Safety Committee

change the exposure limits nor the two-tiered exposure environments for controlled and uncontrolled
3 LY - L exposure. The controlled limits generally apply to amateurs and members of their household if those
S l m pl lfl Ed th IS people have been given instructions by the amateur about RF safety. The uncontrolied limits apply in
RF Exposure Calc all other circumstances, such as exposure to the general public
Instructions

ass eSS me nt With Changes in the FCC RF To use the RF Exposure Calculator, fill-in the form below with your operating power, antenna gain,

Exposure Reguations and the operating frequency. Depending on how far above ground the RF source is located, you

an R F expos u re might want to consider ground reflections — and then click "Calculate™

You may need to run the calculator mulliple times to get a complete picture of your situation, i_e. take

Cal Cu |ato r and nto account the antenna's lobes and directionality.

This calculator should not be used for antennas that are less than 20 cm (8 in) from a person.

you don,t need to View detailed instructions for each parameter. (opens in new tabiwindaow)
Parameters
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. wer at Antenna: (Need help with tl1|5=_.| |[\.at.s_.
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.
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A Email Address: | |
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C ts:
RER ’ The National Association for {G%rt?cmz%

T “ Amateur Radio® s
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.
The Cal Cu |at0r WI I | FRE LR The FCC has changed its RF-exposure rules, eliminating service-specific exemptions from the need

Regulations — the Station ) ) ) i )
Evaluation to do a routine RF-safety evaluation and replacing those exemptions with a formula that applies to all

take yo u r' ave rage P » radio services. See the FAQ on the ARRL RF-Exposure page for more information. The rules did not
afety Committee

change the exposure limits nor the two-tiered exposure environments for controlled and uncontrolled

O e r th e RF Exposure Calculator exposure. The controlled limits generally apply to amateurs and members of their household if those
powetr,

people have been given instructions by the amateur about RF safety. The uncontrolled limits apply in
RF Exposure Calc all other circumstances, such as exposure to the general public
Instructions

)
freq u e n Cy you re Changes in the FCC RF To use the RF Exposure Calculator, fill-in the form below with your operating power, antenna gain,

Exposure Reguations and the operating frequency. Depending on how far above ground the RF source is located, you

u Si n g yO u r might want to consider ground reflections — and then click "Calculate™
b}

You may need to run the calculator mulliple times to get a complete picture of your situation, i_e. take

ante n n a gai n and nto account the antenna's lobes and directionality.

This calculator should not be used for antennas that are less than 20 cm (8 in) from a person.

yO u r O pe rati n g View detailed instructions for each parameter. (opens in new tabiwindow)

d Parameters
I I IO e b « Power at Antenna: (Need help with this?j:| |['\-'.-at'.sj:
» Mode duty cycle
|Cnnversatinnal S5B, no speech processing (mode duty cycle=20%) w

« Transmit duty cycle: (time transmitting)
You transmit for minutes then receive for| 10 v | minutes (and repeat)
» Antenna Gain (dBi): (Need help with this?) |

www.arrl.org/rf-exposure- ! g Frcany | |
Cavcuyato r Include Effects of Ground Reflections

If you would like to receive future announcements of any FCC news related to RF-exposure or the
requirements for amateurs to evaluate their stations, you may optionally provide an email address.

A Email Address: | |
' (optional)

C ts:
RER ’ The National Association for {G%rt?cmz%

T “ Amateur Radio® s
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YO u Calcu Iate you r FRE LR The FCC has changed its RF-exposure rules, eliminating service-specific exemptions from the need

Regulations — the Station ) ) ) i )
Evaluation to do a routine RF-safety evaluation and replacing those exemptions with a formula that applies to all

ave ra e Ower b radio services. See the FAQ on the ARRL RF-Exposure page for more information. The rules did not
ARRL RF Safety Committee

change the exposure limits nor the two-tiered exposure environments for controlled and uncontrolled

5 3 exposure. The controlled limits generally apply to amateurs and members of their household if those

l n p uttl n g th e m Od e people have been given instructions by the amateur about RF safety. The uncontrollied limits apply in
RF Exposure Calc all other circumstances, such as exposure to the general public

-th th h . h t Instructions
WI e lg es Changes in the FCC RF To use the RF Exposure Calculator, fill-in the form below with your operating power, antenna gain,

Exposure Reguations and the operating frequency. Depending on how far above ground the RF source is located, you

d uty factor an d might want to consider ground reflections — and then click "Calculate™

You may need to run the calculator mulliple times to get a complete picture of your situation, i_e. take

th e On/Oﬁ nto account the antenna's lobes and directionality.

This calculator should not be used for antennas that are less than 20 cm (8 in) from a person.

O pe rati n g ti m es . View detailed instructions for each parameter. (opens in new tabiwindow)

Parameters
« Power at Antenna: (Need help with this?j:| |['\-'.-at'.sj:
» Mode duty cycle
|Cnnversatinnal S5B, no speech processing (mode duty cycle=20%) w

« Transmit duty cycle: (time transmitting)
You transmit for minutes then receive for| 10 v | minutes (and repeat)
» Antenna Gain (dBi): (Need help with this?) |

www.arrl.org/rf-exposure- ! g Frcany | |
Cavcuyato r Include Effects of Ground Reflections

If you would like to receive future announcements of any FCC news related to RF-exposure or the
requirements for amateurs to evaluate their stations, you may optionally provide an email address.

A Email Address: | |
' (optional)

C ts:
RER ’ The National Association for {G%rt?cmz%

T “ Amateur Radio® s
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Enter your parameters into the on-line calculator:

Parameters
« Power at Antenna: (Meed help with thi5'?}| | (watis)
« Mode duty cycle:
|{3{:n'-fer53ti|:|nal S5B, no speech processing (mode duty cycle=20%) v

Transmit duty cycle: (time transmitting)
You transmit for minutes then receive fn:-r| 10w | minutes (and repeat).

Antenna Gain (dBi): (Need help with this?) | |
Operating Frequency {MH:}:| |

Include Effects of Ground Reflections

The National Association for

Amateur Radio® W.arﬁ.orgﬁf-exposure-
calculator



RF Safety Qualifications

Power at Antenna. This is the transmitter power minus
feedline losses. At VHF/UHF frequencies, the feedline loss
can result in significantly less power applied to the antenna
compared to the transmitter power.

Parameters
.I_;uwer at Antenna: (Meed help with thia?}| | (watis)
« NIOde duly cycle:
|{3{:n'-fer53ti|:|nal S5B, no speech processing (mode duty cycle=20%) v

» Transmit duty cycle: (time transmitting)
You transmit for minutes then receive fn:-r| 10w | minutes (and repeat).

« Antenna Gain (dBi): (Need help with this?) | |
« (Operating Freguency {MH:}:| |

"; .
B4 Include Effects of Ground Reflections WWW. arr‘l.org/’rf—exposure-
calculator
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Power at Antenna. You can use a coax loss calculator or
you can be conservative and enter the transmitter's output
power.

Parameters
.I_;uwer at Antenna: (Meed help with thia?}| | (watis)
« NIOde duly cycle:
|{3{:n'-fer53ti|:|nal S5B, no speech processing (mode duty cycle=20%) v

» Transmit duty cycle: (time transmitting)
You transmit for minutes then receive fn:-r| 10w | minutes (and repeat).

« Antenna Gain (dBi): (Need help with this?) | |
« (Operating Freguency {MH:}:| |

"; .
B4 Include Effects of Ground Reflections ‘W‘W’\N.&M.OTQM-GXDOSUFG‘

calculator



RF Safety Qualifications

Power at Antenna. Coax loss calculator at:
gsl.net/co8tw/Coax Calculator.htm

Set Parameters as Desired
Line Type: ||Belden 9913 (RG-8) v Results
Line Length: |1EI{|| | @ Feet () Meters Matched Loss: |1.541 | dB
Frequency: ||144 | MHz SWR Loss: |[0 | dB
Load SWR: | |1 5. Total Loss:  ||1.541 | dB
Power In:  |[|100 | W Power Qut:  |[70.129 | W




RF Safety Qualifications

Mode duty cycle: There is a pull-down list. Conversational
SSB with no speech processing, uses a 20% duty cycle
which includes voice characteristics and syllabic duty factor.

Parameters

« Power at Antenna: (Meed help with thia?}l | (watis)

«| Mode duty cycle:
|{3{:n'-fer53ti|:|nal S5B, no speech processing (mode duty cycle=20%) v
« Transmit duty cycle: (time transmitting)
You transmit ﬂ}r minutes then receive fn:-r| 10 | minutes (and repeat).
« Antenna Gain (dBi): (Need help with this?) | |

« Operating Freguency (MHz): | |

Include Effects of Ground Reflections WWW. arﬁ.org/’rf-exposure-
calculator
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Mode duty cycle: Conversational SSB with heavy speech
processing, uses a 50% duty cycle which includes voice
characteristics and syllabic duty factor. Voice FM uses

a 100% duty cycle. AFSK SSB uses a 100% duty cycle.

Parameters

« Power at Antenna: (Meed help with thia?}l | (watis)

«| Mode duty cycle:

|{3{:n'-fer53ti|:|nal S5B, no speech processing (mode duty cycle=20%) v
» Transmit duty cycle: (time transmitting)
You transmit ﬂ}r minutes then receive fn:-r| 10 | minutes (and repeat).

« Antenna Gain (dBi): (Need help with this?) | |
« (Operating Freguency {MH:}:| |

Include Effects of Ground Reflections WWW. arﬁ.orgﬁﬂ-exposure—
calculator



RF Safety Qualifications

Mode duty cycle: Conversational CW uses a 40% duty
cycle. Carrier always on (commonly used for tune-up
purposes) uses a 100% duty cycle. For all others or if
unknown use a 100% duty cycle as a worst case.

Parameters

« Power at Antenna: (Meed help with thia?}l | (watis)

«| Mode duty cycle:

|{3{:n'-fer53ti|:|nal S5B, no speech processing (mode duty cycle=20%) v
» Transmit duty cycle: (time transmitting)

You transmit ﬂ}r minutes then receive fn:-r| 10 | minutes (and repeat).
« Antenna Gain (dBi): (Need help with this?) | |
« (Operating Freguency {MH:}:| |

Include Effects of Ground Reflections WWW. arﬁ.orgﬁﬂ-exposure—
calculator
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Transmit duty cycle: To figure out your percentage of
transmitting, enter the number of minutes you usually
transmit, followed with the number of minutes you usually
receive. This affects the average output power.

Parameters
« Power at Antenna: (Meed help with thia?}| | (watis)
« Mode duty cycle:
| Conversational S5B, no speech processing (mode duty cycle=20%) b

» |Transmit duty cycle: (time transmitting)
You transmit for minutes then receive fn:-r minutes (and repeat).

« Antenna Gain (dBi): (Need help with this?) | |
« (Operating Freguency {MH:}:| |

Include Effects of Ground Reflections WWW. arﬁ.org/’rf-exposure-
calculator



RF Safety Qualifications

Antenna Gain (dBi): Enter your antenna gain in dBi. You
can use the manufacturer’s free space gain in dB referenced
to isotropic (dBi) if available. You can also use your own or
the manufacturer’s antenna model.

Parameters
« Power at Antenna: (Meed help with thia?}| | (watis)
« Mode duty cycle:
|{3{:n'-fer53ti|:|nal S5B, no speech processing (mode duty cycle=20%) v

» Transmit duty cycle: (time transmitting)
You transmit for| 5w | minutes then receive fn:-r| 10 v|minutea (and repeat).

« |Antenna Gain (dBi): (Meed help with this?)
« Operating Freguency (MHz):

Include Effects of Ground Reflections WWW. arﬁ.orgﬁﬂ-exposure—
calculator
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Antenna Gain (dBi): Finally, if you have no idea what your
antenna’s radiation pattern looks like, use this Table as a

first approximation.

Refine your input as you
research your situation
over time.

www.arrl.org/rf-exposure-
calculator

rsgb./org/main/technical/
emc/emf-exposure

Antenna Type
Half wave dipole
10 element Yagi
2 element Yagi
3 element Yagi
4 element Yagi
2 element Yagi
6 element Yagi
8 element Yagi
Delta Loop
Four Square
GHRV

Hex Beam
IMoxon

Quarter Wave Vertical
Windom (OCD)

Approx. Gain (dBi)
215 dBi
15.1 dBi
5.9 dBi
8.1 dBi
9.1 dBi
10.1 dBi
11.1 dBi
13.1 dBi
5.2 dBi
5.2 dBi
1.0 dBi
5.0 dBi
6.0 dBi
1.5 dBi
2.0 dBi



RF Safety Qualifications

Operating Frequency (MHz):
Enter your operating frequency
in MHz.

Parameters
« Power at Antenna: (Meed help with thia?}| | (watis)
« Mode duty cycle:
|Cunverﬁatiﬂnal S5B, no speech processing (mode duty cycle=20%) v

» Transmit duty cycle: (time transmitting)
You transmit ﬂ}r minutes then receive fn:-r| 10 | minutes (and repeat).

« Antenna Gain (dBi): (Meed help with this?) |
« |Operating Freguency (MHz):

Include Effects of Ground Reflections ‘WV!MI.&WV.OTQM‘GXDOSUFG‘
calculator
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RF safety qualifications are presented for
a controlled and an uncontrolled
environment.

The FCC has determined that Amateur
Radio operators and the members of their
households can be evaluated to the
higher or controlled exposure limits if the
Amateur has provided them with RF
safety instruction and training.

The uncontrolled exposure limits
are for every else, like your
neighbors.




RF Safety Qualifications

Example 1: 40 meter. half wave dipole with 100 feet of
RG-58C coax, running 50 W with FT8 on 7.074 MHz.

Power at the antenna is about 37.4 W

Set Parameters as Desired
Line Type: ||Belden 8259 (RG-58C)  v| Results
Line Length: ® Feet () Meters Matched Loss: dB
Frequency: MHz SWR Loss: \:\ dB
Load SWR- [[1 | :1 Total Loss: dB
Power In: W Power Qut: W




RF Safety Qualifications

Example 1: FT8 is AFSK SSB with a duty cycle of 100%.
At the worst case, you normally transmit 15 seconds on
and 15 seconds off. Here we’ll use 1 minute on and 1
minute off from the pull-down list.

The 40 meter, half wave dipole has
a gain of 2.15 dBi from the chart.

Parameters

« Power at Anfenna: (Need help with this?) | 37.4 | (watts)
« Mode duty cycle:

| AFSK 55B (duty cycle=100%) b
« [ransmit duty cycle: (time transmitting)

You transmit fu-r minutes then receive fn:-r| 1 » | minutes (and repeaat).

. Antenna Gain (dBi): (Need help with this?) [2.15 |
« Operating Freguency {MHz}:|?-DH |
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Example 1: The calculated results are shown: | Calculate |

Frequency Electric Field | Magnetic Power Averaging Time
Range (MHz) Strength Field Density | (minutes)
(V/m) Strength (mW/
(A/m) cm?)
(A) Limits for Occupational/Controlled Exposure
3.0-30 1842/f 4.89/f *(900/f2) | <6

/

900/(7.07472) = 17.9851

Results for a controlled environment: /

Maximum Allowed Power Density {rnwmm‘?]: | 17.9851 |
Minimum Compliance Distance (feet): | 0.6116 |
Minimum Compliance Distance (meters): |-I]-1 o64 |




RF Safety Qualifications

Example 1: The calculated results are shown: | Calculate |

Frequency Electric Field | Magnetic Power Averaging Time
Range (MHz) Strength Field Density | (minutes)
(V/m) Strength (mW/
(A/m) cm?)
(B) Limits for General Population/Uncontrolled Exposure
1.34 - 30 824/t 2.19/ *(180/12) <30

/

180/(7.0742) = 3.5970

For an uncontrolled environment: /

Maximum Allowed FPower Density {rnw.fcm‘?j: | 3.5970 |
Minimum Compliance Distance (feet): | 1.3676 |

Minimum Compliance Distance (meters): |-I]--4“I 68 |




RF Safety Qualifications

Example 1: These results indicate that there is no
problem with the example of a 40 meter, half wave
dipole with 100 feet of RG-58C coax, running 50 W with
FT8 on 7.074 MHz. The compliance distance is greater
than 1.37 feet (0.42 m) in the worst case.

Results for a controlled environment;

Maximum Allowed Power Density {rnw.fcm‘?]: 17.9351
Minimum Compliance Distance (feet): | 0.6116
Minimum Compliance Distance (meters): (01364

For an uncontrolled environment:

Maximum Allowed Power Density {rnw.fc:m‘?]: 3.5970
Minimum Compliance Distance (feet): | 1.3676
Minimum Compliance Distance (meters): |-I]--4“I ite)
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Example 2: 10 meter, 3 element Yagi with 100 feet of RG-
8 coax, running 100 W with CW on 28.5 MHz.

Power at the antenna is about 85.9 W

Set Parameters as Desired
Line Type: ||Belden 9913 (RG-8) v | Rhilais
Line Length: ® Feet O Meters Matched Loss: dB
Frequency: MHz SWE. Loss: \C\ dB
Load SWR: [[1 ] :1 Total Loss: dB
Power In: W Power Qut: W
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Example 2: Conversational CW has a duty cycle of about
40%. You might transmit 2 minutes on and 2 minutes off.

The 3 element Yagi has a
gain of 8.1 dBi from the chart. o

S >//

Parameters

« Power at Antenna: (Need help with this?) | 100 | (watts)
« Mode duty cycle:

|E{m'-fers.ati|:|nal CW (duty cycle=40%) w
o Transmit duty cycle: (time transmitting)

You transmit for minutes then receive fn:-r| 2w | minutes (and repeat).

« Antenna Gain (dBi): (Need help with this?) | 3.1 |
« (Operating Freguency {MH:}:|EE-5 |
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Example 2: The calculated results are shown: | Calculate |

Frequency Electric Field | Magnetic Power Averaging Time
Range (MHz) Strength Field Density | (minutes)
(V/m) Strength (mW/
(A/m) cm?)
(A) Limits for Occupational/Controlled Exposure
3.0-30 1842/f 4.89/f *(900/f2) | <6
We need to be about 5.84 feet /
(1.78 m) away. 900/(28.52) = 1.1080
Results for a controlled environment: /

Maximum Allowed Power Density {rnw.fcm‘?]: 1.1080 |
Minimum Compliance Distance (feet): | 5.8372

Minimum Compliance Distance (meters): | 177892 |
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Example 2: The calculated results are shown: | Calculate |

Frequency Electric Field | Magnetic Power Averaging Time
Range (MHz) Strength Field Density | (minutes)
(V/m) Strength (mW/
(A/m) cm?)
(B) Limits for General Population/Uncontrolled Exposure
1.34 - 30 824/t 2.19/f *(180/12) <30
We need to be about 11.7 feet /
(3.56 m) away. 180/(28.5°2) = 0.2216
For an uncontrolled environment: /

Maximum Allowed Power Density (rnw.fcm‘?]: | 02216 |

Minimum Compliance Distance (feet): [ 11.6745
Minimum Compliance Distance (meters): | 3.5584
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Example 3: However, another example that operates at
UHF with high power produces much worse results: a 10
element Yagi with 100 feet of LMR-600 coax, running 500
W with CW on 432.1 MHz.

Power at the antenna is about 339.3 W.

Set Parameters as Desired
Line Type: || TMS LMR-600 v | Results
Line Length: ® Feet O Meters Matched Loss: dB
Frequency: MHz SWR Loss: l:\ dB
Load SWR. \:\ i Total Loss: dB
Power In: W Power Out: W
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Example 3: Conversational CW has a duty cycle of about
40%. You might transmit 2 minutes on and 2 minutes off.

The 10 element Yagi has a
gain of 15.1 dBi from the chart.

Parameters

- Power at Antenna: (Need help with this?) | 500 | (watts)
« Mode duty cycle:

|Cnnverﬁatiﬂnal CW (duty cycle=40%) b
» Transmit duty cycle: (time transmitting)
You transmit for m minutes then receive fu-r| 2w | minutes (and repeat).

« Antenna Gain (dBi): (Need help with this?) | 15.1 |
» (Operating Freguency (MHz): |432.1 |
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Example 3: The calculated results are shown: | Calculate |

Frequency Electric Field | Magnetic Power Averaging Time
Range (MHz) Strength Field Density | (minutes)
(V/m) Strength (mW/
(A/m) cm?)
(A) Limits for Occupational/Controlled Exposure
300 - 1500 f/300 <6
We need to be about 25.6 P
feet (7.81 m) away. 432.1/300 = 1.4403
Results for a controlled environment: /

Maximum Allowed Power Density {rnw.fcm‘?jl: | 1.4403 |

Minimum Compliance Distance (feet): | 256294
Minimum Compliance Distance (meters): | 7.8118




RF Safety Qualifications

Example 3: The calculated results are shown: | Calculate |

Frequency Electric Field | Magnetic Power Averaging Time
Range (MHz) Strength Field Density | (minutes)
(V/m) Strength (mW/
(A/m) cm?)
(B) Limits for General Population/Uncontrolled Exposure
300 - 1500 /1500 <30
We need to be about 51.3 /
feet (15.62 m) away. 432.1/1500 = 0.2881

For an uncontrolled environment: /

Maximum Allowed Power Density {rnw.fcm‘?]: | 0.2881 |
Minimum Compliance Distance (feet): | 512587

Minimum Compliance Distance (meters): | 15.6237 |
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The RF safety qualification
minimum compliance
distance must consider the
layout of the antenna system
in the environment.

T

You would include the
antenna height, the nearest
point of the person being
exposed, and the horizontal
distance between the
antenna and the exposure
point to find the compliance
distance (c or ¢’ as shown).

mxmm«\rxmwmmmi -
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‘ FCC Exposure Rules Soon to
The FCC also requires Affect Every US Radio Amateur

positive access control WhICh s e 2y terston oerod comes o ena v sri e
becomes the responsibility

your station's RF exposure to ensure compliance.

by Gregory Lapin, PhD, PE, N9GL Paramecars
of all affected Radio Oty 2t e e gy .| e
sure went into effect. A 2-year ransition period was . mgmmmww |
implemented to allow existing stations to make ary ™ 5 |mnues [ wpert]
Amateurs under the new e S ety |
period ends, and all ransmitters operating in the US e —
are expected to comply with the exposure rules.
L] recahe Wb of any FCC. RF_aposure arthe
for amateurs shations, You miay &t I P L
ru Ies . A Brief History e 5
FCC RF exposure rules aren't new to radio amateurs. fepomel
In 1996, the FCC enacted the first exposure regula- peanal
tions that affected the Amateur Radio Service, and all | A
amateur radio stations were expected to comply by o)

The ARRL reiterated these
new rules at the end of
the 2-year transition in QST

May 2023.

1998. In addition to rules governing Maximum Per-
missible Exposure (MPE) for amateur radio stations,
some procedural rules were applied. For the FCC 10
be assured that radio amateurs understood the im-
portant aspects of RF exposure to humans, they
required that every amateur radio examination con-
tain at least one question related to exposure. In
order to correctly answer that question, the entire
question pool had o be studied and, in doing so,
every licensed amateur radio operator would be
assumed to have knowledge about the subject.

The FCC also added a certification statement to
Form 605 and Form 610 that had to be affirmed by
every radio amateur who was issued an FCC license,
renewed their license, or changed their station ad-
dress. Due to the 10-year license period, by 2008,
every licensed radio amateur in the US had certified
that they would comply with the FCC'’s rules for RF
safety.

Many radic amateurs determined that their stations

complied with the FCC exposure regulations by 1998,

However, a provision of the rules at that time — Cate-
gorical Exemptions in FCC Part §97.13(c)(1) — made
it possible for some to avoid evaluating their stations.

64 May 2023
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Figure 1 — The ARFL RF Exposure Calculator, showing a sam-
ple analysis for a 100 W transmitter with no feed-line loss and
nomal {non-compressed) SSE modulation inte a 20-meter Yagi.
The closest that any part of a person can be to any part of the
antenna is 0.7 meter (2.3 feet) for the occupational population, or
1.2 meters (3.9 feet) for the general population. Mote that this
caleulater is not valid for exposure distances less than 20 centi-
meters (8 inches) from a person.

To simplify the determination of human exposure
compliance for many radio amateurs, the FCC set up
some operating conditions that would preclude ama-
teurs who operated under those limits from being
required to assess their stations. For instance, if a
transmitter produced less than 225 W on 20 meters,
no further assessment would be required for that
band. The conditions for categorical exemption were
based on power and frequency. In addition, all mobile
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If a location is identified as causing CAUTION

excessive exposure to people within it,

the FCC expects every Amateur Radio

station to prevent access by

unauthorized persons to that location

and to post warning signs about

potential high RF exposure. BEYOND THIS POINT:

RADIO FREQUENCY FIELDS AT
THIS SITE MAY EXCEED THE FCC
RULES FOR HUMAN EXPOSURE

AWARNING] |NoENTRY] o=

RADIO FREQUENCY ENVIRONMENTS
NO

UNAUTHORIZED
ENTRY

NO UNAUTHORIZED

ACCESS!
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However, it does seem that a
typical Amateur Radio station
operating conservatively
would be in compliance, but
you must have the
documentation available, if
requested.

The ARRL has made the
September 2021 and May
2023 QST articles and other
materials available for

download.

www.arrl.org/rf-exposure

Understanding the Changes
to the FCC RF Exposure Rules

Learn whether these changes affect your station, and how
you can easily evaluate it to comply with FCC regulations.

Ed Hare, W1RFI

On May 3, 2021, the new FCC ru
sure to RF energy went into effec
under the exemptions included in
comply with the rules changes by
article provides a historical backg
teur rules for RF exposure, as wel
about the exposure limits, other re
amateur stations, and changes to
can continue to be exempt from t
evaluate their stations.

Recent Changes to the R
When the FCC first introduced res
human exposure to RF energy in
was included. The first RF exposu
human exposure to radio transmil
limits applied to amateur radio, an
required to evaluate their stations

In 2020, the FCC finalized signific
rules. Under the new rules, amate
required to comply with the expos
amateur stafions are required to ¢
station evaluation™ to determine t
plies with the limits for human exp
rules, there were numercus exsm
requirement based on frequency
level, and the type of operating be
handheld portable transmitters th:
(PTT) were exempt from the neac
most repeater stations. These ser
tions were replaced in the new rul
formula-based methods of detern
particular station needs to be eval

Determining If Your Stati
Needs an Evaluation

If you performed an evaluation of
the old rules, you don't need to to
you make a change that could inc

60 September 2021

of RF energy present near your station, such as in-

FCC Exposure Rules Soon to
Affect Every US Radio Amateur

As the 2-year transition period comes to an end, the ARRL RF
Safety Committee Chair discusses the rules and how to evaluate
your station's RF exposure ta ensure compliance.

Gregory Lapin, PhD, PE, N9GL

On May 3, 2021, new FCC rules governing RF expo-
sure went into effect. A 2-year transition period was
implemented 1o allow existing stations to make any
necessary changes. On May 3, 2023, the transition
period ends, and all transmitiers operating in the US
are expected to comply with the exposure rules.

A Brief History

FCC RF exposure rules aren't new to radio amateurs.
In 1996, the FCC enactad the first exposure reguia-
tions that affected the Amateur Radio Service, and all
amateur radio stations were expected to comply by
1998. In addition 1o rules governing Maximum Per-
missible Exposure (MPE) for amateur radio stations,
some procedural rules were applied. For the FCC 10
be assured that radio amateurs understood the im-
portant aspects of RF exposure to humans, they
required that every amateur radio examination con-
tain at least one question related 1o exposure. In
order to comrectly answer that question, the entire
question pool had to be studied and, in doing so,
every licensed amateur radio operator would be
assumed to have knowledge about the subject.

The FCC also added a certification statement 1o
Form 605 and Form 610 that had 1o be affirmed by
every radio amateur who was issued an FCC license,
renewed their license, or changed their station ad-
dress. Due to the 10-year license period, by 2008,
every licensed radio amateur in the US had certified
that they would comply with the FCC's rules for RF
safety.

Many radio amateurs determined that their stations

complied with the FCC exposure regulations by 1998.
However, a provision of the rules at that time — Cate-
gorical Exemptions in FCC Part §97.13(c)(1) — made
it possible for some 1o avoid evaluating their stations.
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Figure 1 — The ARRL RF Exposure Calculator. showing a sam-
ple analysis for a 100 W transmitter with no feed-line loss and
normal {non-compressed) SS8 modulation into a 20-meter Yagi.
The closest that any part of a parson can be to any part of the
antenna is 0.7 meter (2.3 feet) for the occupationsl population, or
1.2 meters (3.9 feet) for the general population. Note that this
caleulator is not valid for exposure distances less than 20 centi-
meters (8 inches) from a person

To simplify the determination of human exposure
compliance for many radio amateurs, the FCC set up
'some operating conditions that would preclude ama-
teurs who operated under those limits from being
required o assess their stations. For instance, if a
transmitter produced less than 225 W on 20 meters,
no further assessment would be required for that
band. The conditions for categorical exemption were
based on power and frequency. In addition, all mobile
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Finally, there is a free book
from the ARRL on RF
exposure with more technical
Information. The book is 316
pages!
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Questions?
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CAUTION

/N

BEYOND THIS POINT:
RADIO FREQUENCY FIELDS AT
THIS SITE MAY EXCEED THE FCC
RULES FOR HUMAN EXPOSURE

FOR YOUR SAFETY, OBEY ALL POSTED SIGNS
AND SITE GUIDELINES FOR WORKING IN
RADIO FREQUENCY ENVIRONMENTS
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