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History

« FCC Adopted RF Exposure Criteria for various services.
* Published OET 65 in November 1997.

 Amateurs had many blanket exceptions — not necessary to
perform routine evaluation.

« FCC changed requires — all amateurs are required to evaluate

their station operations for RF Exposure.
* There are now relevant questions on the amateur license exam.

* The exposure regulations themselves have not changed.



Table 1. Power Thresholds for Routine Evaluation of Amateur Radio Stations

Evaluation Required if
Wavelength Band Power* (watts) Exceeds:
- — |
MF
160 m 500
HF
80 m 500
75 m 500
FCC OET 65b - 40 m 300
November 1997 30m 425
20 m 225
. 17 m 125
This table was cancelled — —
by rule two years ago. 12 m 75
10 m 50
. . . -
Evaluation now required VHF (all bands) 20
; ; UHF
in all circumstances.
70 cm 70
33 em 150
23 em 200
13 em 250
SHF (all bands) 250
EHF (all bands) 250
non-building-mounted antennas: height
Repeater stations (all bands) above ground level to lowest point of
antenna < 10 m and power > 500 W ERP
building-mounted antennas:
power > 500 W ERP

* Transmitter power = PEP input to antenna. For repeater stations enly, power
exclusion based on ERP (effective radiated power).



Effect Depends on Frequency

Non-ionizing: effect due to heating only
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Figure 1. The Electromagnetic Spectrum



Field Strength vs Power Density

 Far field: E {volts / meter} / H {amps / meter} = 377

« Sometimes called the “impedance” of free-space.

* |[t's not really an impedance, it's the ratio of the electric field to the
magnetic field. Units of ‘per-meter’ cancel out leaving volts/amps

{ohms}.
* Power density = E * H = volts * amps / meter?

« Power density, E, and H equivalents are derived from the value
of 377 ohms.

« Absorption (heating) is frequency-dependent. FCC limits are
most stringent from 30 — 300 MHz.



Maximum Permissible Exposure limits: mW / cm?
(1 mW/cm?2=10W/m?

Table 1. FCC Limits for Maximum Permissible Exposure (MPE)

(A) Limits for Occupational/Controlled Exposure

Frequency Electric Field  Magnetic Field Power Density Averaging Time
Range Strength (E) Strength (H) (S) ER HP or S
FCC OET 65b — (MHz) (V/m) (A/m) (mW/em?) (minutes)
November 1997
0.3-3.0 614 1.63 (100)* 6
.. . 3.0-30 1842/f 4.89/f (900/f%)* 6
This is still the rule as of 30-300 614 0.163 10 6
300-1500 - - £/300 6
2021. 1500-100.000 - - 5 6

(B) Limits for General Population/Uncontrolled Exposure

Frequency Electric Field  Magnetic Field Power Density Awveraging Time
Range Strength (E) Strength (H) (S) [EX [HP or S
(MHz) (V/m) (A/m) (mW/em?) (minutes)
0.3-1.34 614 1.63 (100)* 30

1.34-30 824/f 219/ (180 £)* 30

30-300 27.5 0.073 0.2 30
300-1500 - - /1500 30
1500-100,000 - - 1.0 30

f = frequency in MHz *Plane-wave equivalent power density



Based on time-averaged Power In the

exposure region.

* Things that affect this:
 Antenna gain, feedline loss, mode (duty-factor), duty-cycle, ground (reflection)
gain.

» Controlled Exposure:
« Example: Exposure to you or your family on your property.
« Averaged over 6 minutes.

« Uncontrolled Exposure:
« Example: Exposure to your neighbor.
« Averaged over 30 minutes.

* Note the averaging time for Uncontrolled exposure is much longer.



Mode Duty Cycle

Table 2. Duty Factor of Modes Commonly Used by Amateurs

Duty
Mode Factor Notes
Conversational SSB | 20% Note 1
Conversational SSB | 50% Note 2
Voice FM 100%
FSK or RTTY 100%
AFSK SSB 100%
Conversational CW | 40%
Carrier 100% Note 3

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

Note 2: Includes voice characteristics and syllabie duty factor. Heavy speech processor
employed.

Note 3: A full carrier 1s commonly used for tune-up purposes



Transmit Duty Cycle

 Ratio of on-time to (on + off ) time:

« Example: transmit one minute, receive one minute: =1/ (1+1) =
50%

« Example: Transmit 1 minute, receive 5 minutes: 1/ ( 1+5) =
18%



Putting 1t all together.

« Key variables:

Power at the antenna

Mode of operation (mode duty cycle)
T/R Duty cycle (transmit duty cycle)

Antenna gain

a) FCC ‘clarified’ this is dBd (gain com{)ared to a dipole). Don'’t know if the ARRL
webpage is updated to accommoda this.

5. Frequency
6. Ground reflection
/. Controlled vs. Uncontrolled Exposure.

A lot to keep track of.

 ARRL Has an on-line web-based tool to do the calculations for you.
And it's easy to use.
 https://www.arrl.org/rf-exposure-calculator

hONE



The ARRL Webpage Form

https://www.arrl.org/rf-exposure-calculator

Parameters
« Power at Antenna: (Meed help with tl1i5'?}| | (watts)
« Mode duty cycle:
|Cnnuersati|:|nal 53B, no speech processing (mode duty cycle=20%) A

Transmit duty cycle: (fime transmitting)
You transmit fﬂr minutes then receive for| 10 » | minutes (and repeat).

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

Include Effects of Ground Reflections

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

Email Address: | | (optional)

Comments:

| (optional)
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Example 75 meters

RF Exposure Calculator

Parameters

* Power at Antenna: 100 (watls)
+ Mode duty cycle:

Conversational SSB, no speech processing (mode duty cycle=20%) w
* Transmit duty cycle: (time transmitting)

You transmit for 3 v minutes then receive for 3 + minutes (and repeat).

¢ Antenna Gain (dB1): 0
* Operating Frequency (MHz): 3.9

Include Effects of Ground Reflections

Results for a controlled environment:

Maximum Allowed Power Density {mw.-"cmz}: 59.1716
Minimum Safe Distance (feet): 0.1925
Minimum Safe Distance (meters): 0.0587

For an uncontrolled environment:

Maximum Allowed Power Density (mw.-"cmz}: 11.8343
Minimum Safe Distance (feet): 0.4305
Minimum Safe Distance (meters): 0.1312

(e.g.: Print Result)
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Example: 2 meter FM

RF Exposure Calculator

Parameters

* Power at Antenna: 50 (watts)

Mode duty cycle:

FM {duty cycle=100%) hd
Transmit duty cycle: (lime transmitting)
You transmit for 3 v munutes then receive for 3 v minutes (and repeat).
Antenna Gain (dB1): 0
Operating Frequency (MHz): | 144

Include Effects of Ground Reflections

Results for a controlled environment:

Maximum Allowed Power Density {mwx'(:mz}: 1.0000
Minimum Safe Distance (feet): 2.3414

Minimum Safe Distance (meters): 0.7136 Note exposure limit on 2M:

200 microwatts / cm?

For an uncontrolled environment:

Maximum Allowed Power Density {mwx'(:mz}: 0.2000
Minimum Safe Distance (feet): 5.2355
Minimum Safe Distance (meters): | 1.5958
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The calculator can be conservative.

« Using NEC4 to compute exposure limits usually results in:
 More accurate results.
 Closer distances allowed.

« However not justified unless the on-line calculations are
worrisome.

« FCC normally does not require you to produce documentation.
* You are required to do the evaluation (with certain caveats).
* They can ask you to produce documentation if a question arises.



ANEC2 MPE Field Day Example

Conservative: 150w * 50% mode duty cycle (SSB heavily compressed) * 66% transmit duty
cycle (lot of CQ’'ing): 50W average power.
Green: OK. Yellow: exceed uncontrolled exposure Red: exceed controlled exposure

@Pattern (F4) - X
Show Farfield Nearfield Compare Transfer FFtab Plot

® Main [V5.2.16] (F2) — 1« WEtetin[V/m] 0.386 V/m for X=-45, Y=0, Z=157
e 14.18 MHz

File Edit Settings Calculate Window Show Run Help

= ~ P9 I I @ Geometry (F3) e O
- @ ’E' @ 3D ﬁ @I‘z'a‘ 8] i] 1'1| @ 164 1 3 ) ;
S - Show View Validate Currents Far-field Near-field Segm. Plot
Filename | 3lyagi20.out Frequency 1418 Mhz -
Wavelength 2115 mbr 3lyagi20.out 14.18 MHz
Votage [ 30V Current [ 143+j0034 144 v
Impedance 24.4-1053 Series comp. B.e-3 uH 7
Parallel form 24.4//-11125 Parallel comp. 12.63 uH 124
SW.R.50 2.05 Input power 50 W
99,39 Stiucture loss 307.5 i
Radiat-eff. Network loss 1] Ut 170
RDF [dB] Radiat-power 4969 W 104
Environment [” loads [ Polar
FINITE GROUND. REFLECTION COEFFICIENT APPROXIMATION a4
RELATIVE DIELECTRIC CONST.=13.000
CONDUCTIVITY=5.000E-03 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 1.30000E +01-6.34074E +00
64
Comment -
3-element Yagi, 20 meters, 1" Al i1 44
L. B. Cebik, W4RNL . o
FiEm
24 A i
Theta : 80 Axis : 10 ft Phi : 280
Seg's/patches stat  stop count step 3.95
Pattemn lines 201 99126 |16
Freq/Eval steps 0 0 1 1 | | | | | | | | |
Eication s : 0 4397 ] 26 ]1.333 82262 62262 42262 22262 22623 17.7377 377377 577377 777377 X
Y=01t 0.36<[V/m]< 85
3lyagi20.out Max: X=-13: Z2=33
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