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RF Exposure Measurement

1. Introduction

In this document, we try to prove the safety of radiation harmfulness to the human body
for our product. The limit for Maximum Permissible Exposure (MPE) specified in FCC
1.1310 is followed. The Gain of the antenna used in this product is measured in a Fully
Anechoic Chamber (FAC) calibrated for antenna measurement in ADT, and also the
maximum total power input to the antenna is measured. Through the Friis transmission
formula and the maximum gain of the antenna, we can calculate the distance, away from
the product, where the limit of MPE is reached.
Although the Friis transmission formula is a far field assumption, the calculated result of
that is an over-prediction for near field power density. We will take that as the worst case
to specify the safety range.

2. RF Exposure Limit

According to FCC 1.1310: The criteria listed in the following table shall be used to
evaluate the environmental impact of human exposure to radio-frequency (RF) radiation
as specified in 1.1307(b)

LIMITS FOR MAXIMUM PERMISSIBLE EXPOSURE (MPE)

Frequency
Range
(MHz)

Electric Field
Strength (V/m)

Magnetic Field
Strength (A/m)

Power Density
(mW/cm2)

Average Time
(minutes)

(A)Limits For Occupational / Control Exposures
300-1500 … … F/300 6

1500-100,000 … … 5 6
(B)Limits For General Population / Uncontrolled Exposure

300-1500 … … F/1500 6
1500-100,000 … … 1.0 30

F = Frequency in MHz
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3. Friis Formula

Friis transmission formula : Pd = (Pout*G) / (4*pi*r2)

where
Pd = power density in mW/cm2

Pout = output power to antenna in mW
G = gain of antenna in linear scale
Pi = 3.1416
R = distance between observation point and center of the radiator in cm

Pd is the limit of MPE, 1 mW/cm2. If we know the maximum Gain of the antenna and the
total power input to the antenna, through the calculation, we will know the MPE value at
distance 20cm.

Ref. : David K. Cheng, Field and Wave Electromagnetics, Second Edition,
     Page 640, Eq. (11-133).

4 EUT Operating condition
The software provided by Manufacturer enabled the EUT to transmit and receive data at

lowest, middle and highest channel individually.

5. Classification
This is a stand alone radio device. So under normal use condition, it is easy to be re-

located in the place where at least 20 cm far away from the body of the user. Warning

statement to the user for keeping at least 20cm or more separation distance with the

antenna should be included in users manual. So, this device is classified as Mobile

Device.



FCC ID: H9PAP5131S

Report No.: SA 940816H03 4 Issued: Sep. 22, 2005

6 Test Results

6.1 Antenna Gain

For 2.4GHz

Antenna 1: The maximum Gain of the antenna is 3.0dBi.
Antenna 2: The maximum Gain of the antenna with cable and extend cable loss is 11.0dBi.
Antenna 3: The maximum Gain of the antenna with cable and extend cable loss is 2.8dBi.
Antenna 4: The maximum Gain of the antenna with cable, extend cable and Arrestor loss is 12.4dBi.

For 5GHz

Antenna 1: The maximum Gain of the antenna is 4.0dBi.
Antenna 2: The maximum Gain of the antenna with cable loss is 13.0dBi.
Antenna 3: The maximum Gain of the antenna with cable loss is 5.0dBi.

For 2.4GHz

No. Symbol P/N Gain (dBi)
Cable Loss

(dB)
Net Gain

(dB)
Antenna Type Connector Remark

1 *ML-2452-APA2-01 3.0 0 3.0 Dipole RP SMA Omni
2 ML-2499-11PNA2-01 11.2 2.7 8.5 Panel Reverse BNC Directional
3 ML-2499-HPA3-01 4.6 1.3 3.3 Dipole Reverse BNC Omni
4 **ML-2499-BYGA2-01 14.2 0.3 13.9 Yagi RP SMA Directional

For 5GHz

No. Symbol P/N Gain (dBi)
Cable Loss

(dB)
Net Gain

(dB)
Antenna Type Connector Remark

1 *ML-2452-APA2-01 4.0 0 4.0 Dipole RP SMA Omni
2 ML-5299-WPNA1-01 14.2 1.2 13.0 Patch RP SMA Directional
3 ML-5299-HPA1-01 5.9 0.84 5.0 Omni RP SMA Omni

Note:
1. All of the above antennas are Indoor Antenna except the Symbol P/N: ML-2499-BYGA2-01.
2. “*’” is a Dual Band antenna can be used in both 2.4GHz and 5GHz.
3.  “**’” is an Outdoor Antenna it can only be used in point-to-point applications.
4. For 2.4GHz Antenna No. 2 and 3 were tested with Extend cable (0.5 dB loss).
5. For 2.4GHz Antenna No. 4 was tested with Extend cable (0.5 dB loss) and Arrestor (1.0 dB loss).
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6.2 Output Power Into Antenna & RF Exposure value at distance 20cm:

For 2.4GHz
802.11b:

 Antenna 1

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 2412 76.207901 0.030250261 1.0
6 2437 95.06047937 0.037733677 1.0
11 2462 45.49880602 0.018060473 1.0

 Antenna 2

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 2412 28.05433638 0.035215116 1.0
6 2437 95.06047937 0.119324364 1.0
11 2462 17.06082389 0.021415545 1.0

 Antenna 3

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 2412 76.207901 0.028888775 1.0
6 2437 95.06047937 0.036035382 1.0
11 2462 45.49880602 0.017247618 1.0

 Antenna 4

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 2412 17.53880502 0.060635802 1.0
6 2437 95.06047937 0.328646589 1.0
11 2462 8.53100114 0.029493691 1.0
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802.11g:

 Antenna 1

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 2412 78.70457897 0.031241302 1.0
6 2437 169.8243652 0.067410745 1.0
11 2462 74.47319739 0.029561681 1.0

 Antenna 2

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 2412 29.37649652 0.036874754 1.0
6 2437 169.8243652 0.213171494 1.0
11 2462 22.90867653 0.028756043 1.0

 Antenna 3

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 2412 78.70457897 0.029835212 1.0
6 2437 169.8243652 0.064376762 1.0
11 2462 59.42921586 0.022528337 1.0

 Antenna 4

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 2412 18.07174126 0.062478289 1.0
6 2437 169.8243652 0.587123048 1.0
11 2462 10.76465214 0.037215952 1.0
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For 5GHz

Operated in 5150 ~ 5250MHz, 5250MHz ~ 5350MHz, 5725MHz ~ 5825MHz band: (15.407)

Antenna 1

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 5180 38.54783577 0.019263231 1.0
4 5240 41.78303666 0.020879934 1.0
5 5260 193.1968317 0.096544854 1.0
8 5320 136.1444682 0.068034489 1.0
9 5745 70.30723199 0.035134124 1.0

12 5805 72.61059574 0.036285167 1.0

Antenna 2

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 5180 7.709034691 0.030600543 1.0
4 5240 7.99834255 0.031748933 1.0
5 5260 42.85485204 0.17010972 1.0
8 5320 13.15224832 0.052207047 1.0
9 5745 53.82697825 0.213662905 1.0

12 5805 56.75446054 0.225283367 1.0

Antenna 3

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 5180 38.54783577 0.024250971 1.0
4 5240 41.78303666 0.02628628 1.0
5 5260 193.1968317 0.12154277 1.0
8 5320 105.4386896 0.066332922 1.0
9 5745 70.30723199 0.044231241 1.0

12 5805 72.61059574 0.045680319 1.0
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Operated in 5725 ~ 5850MHz band: (15.247)
Antenna 1

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 5745 77.44617978 0.038701619 1.0
3 5785 78.34296428 0.039149762 1.0
5 5825 77.8036551 0.038880257 1.0

Antenna 2

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 5745 77.44617978 0.307417884 1.0
3 5785 78.34296428 0.310977615 1.0
5 5825 77.8036551 0.308836861 1.0

Antenna 3

Channel
Channel

Frequency
(MHz)

Output Power to
Antenna (mW)

Power Density
(mW/cm2)

Limit of
Power Density

(mW/cm2)
1 5745 77.44617978 0.048722451 1.0
3 5785 78.34296428 0.049286631 1.0
5 5825 77.8036551 0.048947344 1.0


