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* The RF “exposure limits” have been with us since 1996.
* In 1996, the FCC gave us an exemption based upon power only

* |t essentially allowed Amateurs a chance to not pay attention to
distance from the antenna.

The main points I'll make tonight:

® Generally it's a good bet that you've been OK*

® You don't have much to be concerned about unless®
@®* You've sat within feet of your antennas and / or

® Run very high power

® Djstance away from the antenna is good and the most
effective thing you can do to reduce RF exposure.
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* Radiation simply means:
=#An emission in all directions from a single point

 We have lots of “radiation” in our world
« Steam radiators in homes
« Car radiators
 Light radiation from light bulbs
* Sun light
* efc.

* Some types continue to be tightly controlled to limit exposure

* Medical X-ray and Medical nuclear radiation are examples
* New FCC Rules Released:

* With the proliferation of cell phones and wireless gadgets

RF radiation is now receiving a little more attention.
« FCC ET Docket 19-226 Released Dec 4, 2019
 FCC Report & Order 19-126 Released Apr 20, 2021
* New Rules became Effective May 3, 2021 for newly licensed stations.
* A 2yr transition period exits to May 3, 2023 for already existing compliant &
unchanged stations.
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This Chart Shows the Different Types of Radiation

that exist in our world

< Non-onizing > < lonizing
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Notice: Radio waves cause Thermal Heating
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Credit:: Wikipedia 2022 [Non-ionizing radiation]
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¢ \We all know about the TIME and POWER settings on microwave ovens.

® Usually we defrost with LOW POWER & LONG TIME
¢ |f we want to “Cook™ our food, we want hi temperature using
Hi Power & perhaps shorter time

® So you're already acquainted with TIME and POWER

They're part of RF EXPOSURE
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Molecules vibrating at the frequency of the microwave
oven causing friction between themselves generating
heat.

Home work: View video link below

https://youtu.be/nLLH1amhAgU
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® Exposure to RF at |low levels is not hazardous.

e At high levels and at some frequencies it can pose a problem.

®* The FCC established MPE back in 1996

MPE is the maximum permissible exposure to which a human may be

exposed.

¢ Based upon scientific & medical evaluations and recommendations by:

e American National Standards Institute (ANSI),

Institute of Electrical and Electronics Engineers, Inc. (IEEE)

National Council on Radiation Protection and Measurements (NCRP)
Food and Drug Administration (FDA),

Environmental Protection Agency (EPA),

Occupational Safety and Health Administration (OSHA),

National Institute for Occupational Safety and Health (NIOSH)

others
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Human body parts can resonate to RF and absorb power dimensions on
similar to how antennas work. humans.

Controlled: —»Your property ( fenced land, house etc.)
Uncontrolled: > Public property (sidewalks, streets, parks etc.)

8

Copyright All Rights Reserved SFTARC Olathe, KS. WB@CNK 03/24/2022



The intensity of RF is call Power Density

When you get too close to an incandescent light bulb the

Increased_Power Density feels hot.

Distance away from antennas has the same effect

2X the distance away gives % th the exposure



These quantities are needed for estimating whether an RF signal
exceeds the maximum permissible exposure (MPE):

® DUTY CYCLE: (on vs off transmitter time ; “talk time” vs “listen time”)

¢ FREQUENCY:
® POWER: (including antenna gain and / or feedline loss)

® TRANSMISSION MODE:

(AM, FM, Digital, CW, SSB and how much compression is used)

A calculated resultis;: POWER DENSITY (mW/cm?)

and is part of determining how far away the antnna should be from
people. o
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Let's get going with an EASY Way to do the Evaluation:
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Copyright All Rights Reserved SFTARC Olathe, KS. WB@CNK 03/24/2022



The Evaluation can be done in a variety of ways, however the
easiest is to use an on-line calculator such the one provided by the

ARRL :

http://arrl.org/rf-exposure-calculator

You simply “fill-in” the boxes, click “calculate” and read the required
antenna distances.

Your next task is to verify that your antenna location complies with
the

Minimum Safe Distances for both Controlled and Uncontrolled
environments.
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is how it
s “on-line”

1) Power

2) Duty Cycle

3) Antenna Gain
4) Frequency
Have been
typed in.

Then Click
CALCULATE

Theresults —»
Are shown
below.

| arrl.org/rf-exposure-calculator

Parameters

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

|Cnnversati+:rnal S5B, no speach processing (mode duty cycle=20%)

= Transmit duty cycle: (fime transmitting)

You transmit fur minutes then receive for| 10 v | minutes (and repeat).

- Antenna Gain (dBi): (Need help with this?) |2.15 |
« (Operating Frequency {MHZ}.|14_3 |

Include Effects of Ground Reflections

If you wiould like o receive future announcements of any FCC news related to RFE-exposure or the
requirementis for amateurs to evaluate their stalions, you may optionally provide an email address.

Email Address; | |

{optional)

Comments:

{optional) )

optiona N Controlled
Envionment:

Calculat&|

People are safe:

Resufts for a controlled environment:

Maximum Allowed Power Density {mwifcm?2): |4.4I]12 |
Minimum Safe Distance (feet): | 1.1672 |
Minimum Safe Distance {meters): ‘ 0.3558 |

If they are 1.1672 ft
or more away from
the antenna.

For an uncontrolled environment:

Maximum Allowed Power Density (mw/cm 2]: | 0.a802 |
Minimum Safe Distance (feet): | 1.6506 |
Minimum Safe Distance {meters) ‘ 0.5031 |

Print also C PrintResuls |

Uncontrolled
Envionment:
People are safe:

If they are 1.6506 ft
or more away from

£l
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RF Exposure Calculator

Parameters

o Power at Antenna; 100
Mode duty cycle;
Conversation ol GoD 18 e
oy Transmit duty cycle: (time transmitting)

(with inputs and You transmit for § ~ minutes then receive for 10 % minutes (and repeat).

results colored) Antenna Gain (dBi): 2,18
Operating Frequency (MHz): 143

& Include Effects of Ground Reflections

Results for a controlled environment;

Maximum Allowed Power Density {mwa’cmz} 44012
Minimum Safe Distance (feet): 11672
Minimum Safe Distance (meters): 0,.3558

For an uncontrolled environment:

Maximum Allowed Power Density (mw/cm®): 0.8802
Minimum Safe Distance (feet): 1.6506
Minimum Safe Distance (meters); 05031

Lechnology >> Radio Technology Topics >> Safety >> RI Exposure => RF Exposure Calculator
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http://arrl.org/rf-exposure-calculator

For conventional SSB, with no speech processing I D Ak AR TSR G
1) 100 W, 14. MHZ , Dipole: 2.2 db gain (2.2db gain above isotropic) 3 I8
2) 100 W, 28 MHZ , DipOle: 2.2 db gain (2.2db gain above isotropic) 6 105

3) 1500 W, 52 MHZ, 5 El Yagl antenna 11.7db gain (9.5 db gain above dipole)

Result: Antenna must be 28.4 ft away for Controlled Environments & 40.2 ft away for Uncontrolled Environments (from the front of the Yagi antenna)

4) 1500 W, 52 MHZ, 7 El Yagi antenna12.7db gain (1db coax loss: 11.5-1=10.5db above dipole)

Result: Antenna must be 31.95 ft away for Controlled Environments & 45.18 ft away for Uncontrolled Environments (from the front of the Yagi antenna)

15
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A good way to document your evaluation is to use the
Work Sheets provided by ARRL.

The new FCC ruling make some parts of Work Sheet A not
specifically applicable, but together the sheets capture and
document your station information. You should re-do your
evaluation and documentation anytime you make changes
that effect exposure.

Even though the FCC rules do not mandate that amateurs keep records of their
evaluations, it is non-the-less a good idea to keep information about your station
evaluation. The FCC could inquire about the results of your evaluation, in response to a
complaint or in relation to some other issue.

16
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Note:

E'I:}c?se sheeit'lspr.ryn.ere created prior to the FCC Rule change - some parts may

ongera

Worksheet A: Instructions — Categorical Exemption for Station Evaluation
Provided as a membership service by Lhe Amorican Radio Relay League, |ne, 225 Main S5, Newington, GT 06111,

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

A, B, C: For your records, entar the call sign of the station (&) | Ihe name of the stalion licensees [B) and
station location (C) anta the top of the worksheat,

[). Entar the station operating frequancy band being considered for evaluation (D),

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

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

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

H. Entar the specification for the loss in dB per 100 feel for your cable type, Usa the manulaclurers
spaecification or use tha table in Chapter 5.

|. Divide the feed line length (&) by 100, then multiply the result by the specification for your fead ling type
far loss in dB per 100 feel. This will give you the tolal feed line loss in dB (1)

J. Enter the total feed line loss in dB (1) and convert it to a percentage (J).
(See the farmulas or table in Chapter 5 or, oplionally, you can use 0 dB for a conservative estimate. If you
use 0 dB, skip to step J and enter 0%.)

K. Muitiply the maximum transmitter PEF used on this band (E) by the percentage of power lost in the feed
line {J). The result is the {otal power lost in the feed line (K).

L. Subtract the power lostin the feed line (K) from the transmitier PEP used on this band (E). The result s
the PEP input to the antenna.

Comparea the PEF input to the antanna (L) lo the level in Table 1.1 Il the power lo the anlenna is greater
than the level in Table 1.1 for that fraguancy band, it will be necessary for you fo perform a routine

ewvaluation on your stafion. If your PEF to the antenna does not exceed the limits in Table 1.1, the rules do
not require you to do a routine station eveluation on that band.

17
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WORKSHEET A: CATEGORICAL EXEMPTION FOR STATION EVALUATION WORKSHEET
Provided as a mambership sarvice by the Amarican Radic Relay Leagus, Inc., 225 Main 5t., Newington, GT 06111

Use thiz worksheet for each band you operate to determine if you need to do a statien avaluation on that band.

{A): Station Call Sign: e (B} Station Licensae! JOE SMITH

954, MOUNTAIN TOP RD, , DENVER, CO.

(C} Station Location:

3.9 MHZ
{D) Frequency Band:

(E} Maximum Transmiilter PEF used on this band: 100 W FPEP

Refar ta Table 1.1 — If the power on line {E} of this worksheet is less than or equal fo the power limits given in the table
far this band, you do not need to do an evalualion on this band. IT the power exceads the limits, continue with this
worksheet,

Calculate Feed Line Loss in dB:

(F) Feed Line Type: (G) Faed Line Length: 100 ¢

{H} Enter Feed Line Loss in dB par 100 ft: 1 dB
(From Chapter & ar manufaciurers spacification, You can use O dB for a consaervative estimate. I you use 0 dB, skip to step
Jand enter 0%.)

oy 100 / 100 x My 1 = gl g
Fead Line Length divide by 100  then multiply by loss in dB equals Feed Line Loss in dB
from (G} por 100 faat
from (H)

Convert to percentage:
w1 e = %
Fead Line Loss in dB Converl to percentage of power lost in the feed lina.
fram (1) inr use (% as a mnsnlrvatlw astimate.

See the free Ch 5 of the ARRL Handbook on the ARRL RF Exposure Website.
inni:%antﬂ-nna: 20.57
(E) W PEP *  (_ 2057 o = Ky = W PEP
Maximum transmitter PEP timas Ferceniage of powar  equals Power lost in the feed line
used on this band from (E} Iost in the feed ling
By~ WPEP ~ VA e R . | = (Ly_"""- WPEP SheetB

Maximum transmitter PEF - minus Power last in fead line  equals PEP input 1o the antenna
uged on this bang from (E)

This Categorical Exclusion is no longer allowed by the FOC Change.
Conclusion and decision: pef. FCrC Report & Order 19-128
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Worksheet B: Instructions — Station Evaluation Worksheet
Provided as a membership service by the Amercan Radle Raelay League, Inc., 225 Maln 5t Newlngten, GF 08111

If you do have o do a stalion evalualion for ane ar mare powears or modes, use this warksheal 1o guide you
through the process. This single page worksheet and instructions will suffice for many stations. See Chapter
& for multiple franamitter sites and repeaters,

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

C. Enler the frequenay band being evalualed.
[, Enter the oparaling mode being svalualed,

E. Enter the maximum transmitter peak-envelope power being used on this band (E}. {See Chapter &, the
section titled. "How to Calculate Peak Envelope Power Lo the Antenna.”)

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

G. Enter the duty factor of the mode being evaluated (H):
(Ses the section in Chapter & titled: “Duty Factar " or use 40% for CW, 20-40% for 558, 100% for FM or
digital modes.)

H,l. Enter the maximum percentage of lime tha station could be on the air far controlled or uncoentrallad
exposure. (A good rule of thumb is to use 100% for controlled exposure, 67% for unconirelled exposure. Also
ses the lable in Chapter 5.}

J, K, Caloulate average power.
(Multiply the PEP input to the antanna (F) by tha duty faclor of the mode being used (G) by the oparating
time percentage (H, ). The result is the average power to the antenna.

L. Refer to any of the evaluation methods described in the FCC's OET Bulletin 65 of Chapter 5. Determine
thal the antenna is localed far enough away from areas where paople ara presant or that the field strength is
below the maximum permissible exposure (MPE) limits in areas whare people are present. Describa briefly
the method usad to perform this evaluation.

M. Recard the results of your station evaluation. Your station evaluation tor this band and mode is now
complete. Although it is not reguired by FCC rules, it is recommended thal you relain a copy of your station
evaluation in your station records.

If the station s not in compliance under all circumstances of its expectad operation, attach a separate sheal describing
amy imitations of methods that the station cperator will use to ensure compliance if people are present in areas that could
be out of compliance,

19
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WORKSHEET B: STATION EVALUATION WORKSHEET
Prowikdesd @i 4 Fambarabip sarnice by e Amarcan Radio Ralay Leagus, Ine, 325 Main 81, Newviegion, GT 02111

Lise thas warksheet for each band, mode and ansenna combinaiicn you uso fo determine @ your staban complies with thia
FCG regulations for BF saposurs i

(A} Station Call Sign, (B} Station Lic z

FEMHE {m'ltm Operating moda being evaluated:  oo8

(G} Freagqusncy Band:
{E} Maximum Trasemitler FEF used on thiz bang. 100 wpgp

—_—

(F} PEP inpul la the anienna on lhis-beed {from Enoe (L} on Worksheot A: 7943 W PEP
For o carsarvative astimate, you oouid wsa your maximum transmetter PEF and skip tostop (L) and usa this powos for yoaur
wvaluaticn M you "aass,” you do nat neai o 0o the clhar staps

Mode wind duty factar o

(B} Operatng moda haing svalsatad: (&) Duty Feolor far this moda: 20

{San Chaptar & aruse $00% for CW, 205 far 58 with na spaech pracassing, 20% for 558 with heavy speoch processing.
100% for FM or digital mades)

Maxmum tima {ha statiar cowlkd ba transmilting =
(H} B-min perad (contrelac): E S
(11 30-min peried (uncantrofiedy. 15 r30= 500 %

Calculate average powsr — Controlled sxposure:

Py 9743 weep x (@120 % o« 4w = () ITB ey

FEF input to thi fimes Dty Factor tmas  Garrefad agqials  Conlrolled avarage

antanna frem [F) freem (33 cperating tima power inpat ho the
percanlage antania

Calculate average power — Uncentrafled saposure]

(F} 9743 wWPeP = (G120 % = 1 50 % = @AM wa

PEF inoul 1o the fimes Duty Factar  lenes Uncontroled  equals Unconiraled sverage

entenna from [F} frem (13 cperating time power inoud o the
porconilage anlenna

IL) Refer to any af the evaluation melhods in FCC's OET Suladin 85 ar Chapler 5. Delarmine iT the anleanna
is locatad far enough away from araas where paapla are prasent ar that the fiald sfrength s balow the
maximum permisstie axpesura (MPE) limizs, based on e frequency, moda, average powsr and antanna
Iype bamg uged.

(M} Deseritn the method udsad be da the svaluatian: ARPL ON-LINE CALCULATOR

WUeing this methed, did your stallon sxesed (he FOC RF exposure lmita? (YN}
Contralled exposuza: T (YN Unsoalalled asposiss: i (M)
I b slalion fs nak in compliance wder all circumstanses of s expected operaton, altach a separate shesl descriking

wny limilalions of methods thal the sinlion cparaios will usa fo ansure compSance if peaple ara present in areas el could
ba oul of compiance.

The Dipale Antenina s located 406t behind the house and supported by poles East by West, It is 40f high off the ground.

W e ——— ANTEMN A E

i
T —

HILL TOP ROAD
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The following slides provide some background
Information on how power, transmission mode,
duty cycle, as well as antenna gain are

used in formulas to determine actual power at

the antenna.

21
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Along with operational duty
cycle(talk / listen), the different
different transmission modes have
different Emission Duty Cycles .
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Operating Duty Cycle of Modes Commonly
Used by Amateurs

Mode : Duty Cycle Notes
Conversational SSB 20% 1
Conversational SSB 40% 2
SSB AFSK 100%

SSB SSTV 100%

Voice AM, 50% modulation 50% 3
Voice AM, 100% modulation 25%

Voice AM, no modulation 100%

Voice FM 100%

Digital FM 100%

Analog ATV, video image 60%

Analog ATV, video black screen 80%

Digital ATV 100%
Conversational CW 40% _
Carrier 100% 4
Digital (PSK31, RTTY) 100%

Note 1: Includes voice characteristics and syllabic duty cycle. No speech
processing.

Note 2: Includes voice characteristics and syllabic duty cycle. Heavy speech
processor employed.

Note 3: Full-carrier, double-sideband modulation, referenced to PEP. Typical
for voice speech. Can range from 25% to 100%, depending on modulation.

Note 4: A full carrier is commonly used for tune-up purposes.



Average Power Output =Transmitter PEP X Emission Duty Cycle X
Operating Duty Cycle

Example 1:

A 150W PEP SSB station without speech compression, transmitting and
listening equal amounts has:

Average Power Qutput = 150.W x 20.% x 50.% = 15.W
(150.W x 0.2 x 0.5 = 15.W)

23
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Example 2:

A 100W SSB station using AFSK to transmit a digital signal, listening for
only % of the time:

Average Power = 100W x  75.% x 100. % =75.W
=(100W x 0.75 x 1. =75.W)

Note: Many on-line calculators provide a box for Operating Duty Cycle as
well as Mode Duty Cycle

24
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You must also take into account the amount of gain your antenna
provides, (and you are allowed to account for any losses from the feed line).
Example :

What if the station in Example 1 had an antenna with 6dB of gain:

Power

T 108 | Aboul 205 | Hardly percevabie | IV <12 W
iR EERE
30d8 | Facior of 1000 | Exfremne difference | 1 W0 — 1000 W |
Effective Radiated Power = transmitter power x gain

=150W PEP x 4

= 600W PEP Effective Radiated Power
Resulting in:(Example 1)

Average Power Output =600W x .2 x .5=60.W

Note: Many on-line calculators provide an entry box for antenna gain

(coax loss dB can subtracted from the antenna gain dB)
25
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Your License requires you to keep yourself, family and the public safe.

Rise to the trust placed in you

Do your RF Exposure Evaluation

26
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The following links will provide additional background on RF Exposure.

A great place to begin (and return) is the ARRL Safety Page on RF Exposure.

Credits & Links:

1) ARRL RF Safety Page
http://www.arrl.org/rf-exposure

2) RF Exposure and You by Ed Hare, W1FI an ARRL Book (free download):
http://www.arrl.org/files/file/Technology/RF safety

(http://www.arrl.org/files/file/Technology/RFsafety) Committee/RF+Exposure+and+You.pdf

3) ARRL ON-Line RF Exposure Calculator:
http://www.arrl.org/rf-exposure-calculator

4) ARRL HandBook Ch 5 coverage on RF Exposure:
http://www.arrl.org/files/file/Technology/RFsafetyCommittee/28RFSafety.pdf

5) ARRL RF Exposure Worksheets A and B:
http://www.arrl.org/files/file/Technology/tis/info/pdf/rfex1_2.pdf

6) FCC ET Docket No. 19-226 (Initiation of New RF Exposure Rules):

https://docs.fcc.gov/public/attachments/FCC-19-126A1.pdf o7
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7) ET Docket Nos. 03—-137, 13-84, 19-226; DA 21-363; FR ID 20760 (Release of new FCC Rules)
https://www.govinfo.gov/content/pkg/FR-2021-04-20/pdf/2021-07720.pdf

8)ARRL QEX Article (Handheld Transceivers): Exposure Considerations Based on SAR
http://www.arrl.org/files/file/QEX_Next_Issue/2021/07%20Jul-August%202021/07%20JulAug21%20QEX%20Tell.pdf

9)QST Article RF Safety at Field Day
http://www.arrl.org/files/file/Technology/tis/info/pdf/9906048.pdf

10) FCC Report and Order FCC 96-326, 1996 (Initial Relese of RF Exposure Rules):
https://transition.fcc.gov/Bureaus/Engineering_Technology/Orders/1996/fcc96326.pdf

11)FCC Publication: OET BULLETIN 56, 4th Edition:
Questions and Answers about Biological Effects and Potential Hazards of Radio Frequency Electromagnetic Fields
https://transition.fcc.gov/Bureaus/Engineering_Technology/Documents/bulletins/oet56/oet56e4.pdf

12)FCC OET Supplement B Bulletin 65 (Additional Information for Amateur Radio Stations):
https://transition.fcc.gov/bureaus/oet/info/documents/bulletins/oet65/oet65b.pdf

13)FCC OET Supplement C Bulletin 65 (Mobile and Portable Devices):
https://transition.fcc.gov/Bureaus/Engineering_Technology/Documents/bulletins/oet65/o0et65c.pdf

14)FCC Policy on Human Exposure to Radio Frequency Electromagnetic Fields
https://www.fcc.gov/general/radio-frequency-safety-0
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