EFFECTS OF MICROWAVE
RADIATION ON HUMANS
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WHERE WE ARE IN THE SYLLABUS
—

Course Content:

Introduction: Components of RF and microwave design, Behaviour of passive components, Propagation of
omded waves. Micro-stripline circuits; Evaluation of attenuation constant for the rectangular waveguide.
Wavegumdes and Components: Review of electromagnetic (EM) spectrum. Rectangular waveguides, Circular
Wavegmdes, Microwave cavities. Microwave antennas: electromagnetic horns; reflector antennas; micro-strip
antennas; phased arrays. Micro Strip Antenna. Directional couplers. Circulators, i1solators. Wave gude
couplings, bends and twists, Transitions, hybnd couplers, Matched load, Attenuators and phase shifters, E-
plane, H-plane and Hybnd Tees, Hybrid nng. Wavegude discontinuities: Windows, Inses and Tuning screws,
Detectors, wave meters. Stnp Lines: Microstrip lines. Parallel strip lines. Coplanar stnp lines. Shielded strip
lines. Microwave Active circuits: Microwave transistors and tunnel diodes. Microwave FETs. Transferred electron
devices: Avalanche transit tme devices. Microwave linear beam tubes. Microwave crossed-field

- tubes. Microwave Communication Systems. Effect of Biological Exposure to microwave radiation. Microwave

tubes: Klystron, Reflex Klystron, Magpetron, TWT, BWO: Their schematic, Pnnciple of operation,
performance characteristics and apphcation. Microwave semiconductor devices: PIN diode, Tunnel diode, LSA
diode, varactor diode, Gunn Devices, IMPATT and TRAPATT, their Principal of operation, characteristics and
applications. Microwave Relays: Line-of-site path charactenstics, FM radio stations and repeaters, FM microwave
systems, analogue FM/AM, analogue versus digital switching arrangements.



WHH IED BY GSM MOBILE TELEPHONES
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Encoding to Radio Signal Peak Power: 2 W
Hello! How are you? /Average power: 0.25W
\ N |
No sound: No signal

217 pulses of encoded sound every second



GSM BANDS & HANDSET POWER

N
N

Base station Handset Peak
Transmitter Transmitter Handset
Frequencies Frequencies Power
(MH2z) (MHz) (Watts) Usage
GSM900 935 - 960 890-915 2 Necessary for large
coverage
GSM1800 1805-1880 1710-1785 1 Necessary for low-

range coverage
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DAILY MAIL OF 5th AUGUST 2021

1. They found that using a mobile for 1,000 hours, or roughly 17
minutes per day over a ten-year period, increased the risk of
developing cancerous tumours by 60 per cent.

2. Researchers say that radiation from mobile signals 'interfere with
cellular mechanisms' and can result in the creation of stress
proteins that cause DNA damage, tumours and even cell death in
extreme cases.

3. The US Food and Drug Administration (FDA) denies any link, saying
there is 'no consistent or credible scientific evidence of health
problems caused by the exposure to radio frequency energy
emitted by cell phones.'

Spending 17 minutes a day on a mobile phone increases cancer risk, study claims | Daily Mail Online



https://www.dailymail.co.uk/sciencetech/article-9768315/Spending-17-minutes-day-mobile-phone-increases-cancer-risk-study-claims.html

ISSUES OF CONCERN IN THE RESEARCH

. The public was concerned about the safety issues
surrounding mobile phones and BTS.

. Of concern were, the interactions of the
microwaves emitted by:

a) Mobile phones
b) Base stations

with human tissue 6 degrees

/

/

50 mto 200 m




RESEARCH WAS NOT LIMITED TO GSM

Research was extended to include:
a) ‘WiFi’ Wireless Networking
) Bluetooth devices
) Wireless keyboards and mice
d) DECT cordless phones

) Baby Monitors
f) ‘Walkie Talkie’

 All involve electromagnetic
waves Iin the radio and
microwave part of the
spectrum




Infra Red Ultra
Radio & TV Violet

Gamma-Rays

Microwaves

0.8 GHz X-Rays

to
300 GHz

Non-ionising Radiation
(generally not so bad)

lonising
Radiation
(generally bad)
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SUMMARY-INTERACTION OF WAVES & MATTER

Electromagnetic waves interacting with matter can be
Reflected
Absorbed
Transmitted
Exactly what happens depends on
frequency of the electric field
natural frequencies of the atoms and molecules

Microwaves emitted by mobile phone system are absorbed by
human tissue.



SPECIFIC ARBSORPTION RATE (SAR)

All Mobile devices are rated according to How much energy Is
absorbed by a human body of a given mass.

S.A.R.

Specific Energy Absorption Rate



WHAT IS SPECIFIC ARBSOPTION RATE (SAR)?

. Specific Absorption Rate (SAR) is the unit of measurement for the
amount of radio frequency energy absorbed by a body when using
a wireless device.

. SAR value is measured in terms of watts per kilogram (W/kg).

Mobile RF exposure limits used are expressed in the terms of SAR,
which is a measure of the electric/magnetic field strength and
power density for transmitters operating at frequencies from 300
kHz to 100 GHz.

. Government regulatory agencies around the world require that any
wireless device must be evaluated to meet the RF exposure limits
set in the government SAR regulations.



HOW TO CALCULATE SPECIFIC ARBSORPTION RATE
(SAR)

2
Specific Absorption Rate = (Ifwi
d

Where

o = conductivity of material
E = Electric field (RMS)

M, = Mass density



Specific energy Absorption Rate
(SAR) watts per kilogram.

* Measures energy absorbed
per kilogram per seconc

* A high SAR means

* a substance heats up quickly

* Alow SAR means

<
* asubstance heats up slowly

* SAR is a property of an
emitting device in a particstar
position with respect to an
absorbing substance




ONLINE CALCULATORS OF SAR

The following are common online calculators of SAR

1. Specific Absorption Rate (SAR) Calculator -RF Amplifiers - Elite RF
(eliterfllc.com)

2. Specific Absorption Rate (SAR) Calculator - everything RF



https://eliterfllc.com/rf-calculators/sar-rf-exposure-calculator
https://eliterfllc.com/rf-calculators/sar-rf-exposure-calculator
https://www.everythingrf.com/rf-calculators/sar-rf-exposure-calculator

* 1 cm from 20 W source
20 W absorbed in hand
Intensity 8000 watts per square metre
SAR 200 watts per kilogram

« 10 cm from 20 W source
2 W absorbed in hand
Intensity 200 watts per square metre
SAR 20 watts per kilogram

1 metre from 20 W source
0.02 W absorbed in hand
Intensity 5 watts per square metre
SAR 0.2 watts per kilogram
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AL MICROWAVE HAZARD

The potential hazard from mobile phones and other wireless
devices arises from

the absorption of microwave radiation

Mobile phones

e only emit a watt or two
 This makes it difficult to

experiment.

Microwave ovens
« emit a few hundred watts

* makes experiments easy




MOBILE PHONE SAR RATING

B Certification information (SAR)
THIS MODEL PHONE MEETS THE EU REQUIREMENTS FOR EXPOSURE TO RADIO WAVES.

Your mobile phone is a radio transmitter and receiver. It is designed and manufactured not
to exceed the limits for exposure to radiofrequency (RF) energy recommended by The
Council of the European Union. These limits are part of comprehensive guidelines and
establish permitted levels of RF energy for the general population. The guidelines were
developed by independent scientific organisations through periodic and thorough
ubstantial safety margin designed to
health.

» nit of measurement known as the
mended by The Council of the
conducted using standard operating
ertified power level in all tested

. the highest certified power level, the

well below the maximum value. This is
power levels so as to use only the
closer you are to a base station

ic, compliance with the European
' es as one essential requirement the
» » nd any other person. The highest SAR

ce against the standard was 0.43 W/kg.
els of various phones and at various
xposure.

Copyright © 2002 Nokia. All rights reserved.



1000 W

EIRP Power
e 30dBW

* 1000 W

* Equivalent isotropic
Radiated Output

e 60 W to 120 W in actual
power

Actual Pattern of
Emitted Radiation

SAR 0.001

Watts per kilogram

Ay
0.3 0.01

Watts per square metre Watts per square metre




COMPARISON OF SAR FOR GSM BTS & HANDSETS

Power Intensity Maximum
SAR
Watts Watts per Watts
square metre per kilogram
Handset 1 200 About 1
Base Station 60 0.01 About 0.001

* Base station SAR is extremely low
* But the public is more concerned about BTS than handsets



HOW TO CHECK SAR OF YOUR PHONE

. To check for the SAR value, Dial *#07# USSD code in your mobile
phone.

1.6W/Kg is the threshold value for the radiation level.
If SAR value is less than 1.6 W/Kg, It is ok to use that phone.

If SAR values exceeds this threshold limit, consider take necessary
steps to avoid radiation affects.



SAR RATING OF PHONES

Xiaomi Mi Max 3
Xiaomi Mi Mix 3 5G
OnePlus 6T

HTC U12 life
Xiaomi Mi Mix 3
Xperia XA2 Plus
Google Pixel 3 XL
Xiaomi Mi 9/9 SE
iPhone 7

Xperia XZ1 Compact
HTC Desire 12/12+
Xiaomi Mi 9T
Google Pixel 3
iPhone 8

Office Memorandum dated 17082012.pdf (dot.gov.in)

i
&
B

1.58
1.56
195
1.48
1.45
1.41
1.39
1.39
1.38
1.36
1.34
1.34
1.33
1:32


https://dot.gov.in/sites/default/files/Office%20Memorandum%20dated%2017082012.pdf?download=1

PRECAUTIONS WHEN USING PHONES

Here are some recommended precautions to be taken :
Don’t talk on phone for more than 30 mins continuously.
Use earphones/ headphones while you are talking.
Use alternate ears for speaking on phone.
Don’t put your phone on shirt /Pant pockets. Keep it on desk or your bag if possible.

Dora’t keep it near to your bed while sleeping. Consider switching it off or put it in flight
mode.



SAR FOR WiFI

* WiFi
« 802.11(b), 802.11(g), 802.11(n)
* Operates at 2.4 GHz

Power Intensity SAR
(at 1 metre) (at 1 metre)
Watts Watts per square Watts
metre per kilogram
0.1 Less than 0.01 About 0.0001




SO WHAT SHOULD POLICY MAKERS & REGULATORS DO?

Ban mobile phones ?
* The ‘Precautionary principle’
* How many deaths or cancers would be ‘acceptable’?
 How many lives are saved by mobile phones?

* Reduce mobile phone power ?
* |Increase the number of mobile phone masts

* Reduce mast power ?
* Increase the mobile phone handset power
* Increase the number of masts

Ban mobile phone use while driving ?
e Done: has it been effective?
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