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Electromagnetic Waves

¢ Theelectromagnetic spectrumis arrangedin a specific order based on the wavelengths or

frequencies

e Themain groupings of the continuous electromagnetic (EM) spectrum are:

o Radiowaves
o Microwaves
o Infrared

o Visible (red, orange, yellow, green, blue, indigo, violet)

o Ultraviolet
o X-rays
o Gammarays

e This orderis shownin the diagram below fromlongestwavelength (lowest frequency) to
shortest wavelength (highest frequency)

THE ELECTROMAGNETIC SPECTRUM

LOWER ENERGY
LONG WAVELENGTH
LOW FREQUENCY

HIGHER ENERGY
SHORT WAVELENGTH
HIGH FREQUENCY

LR

Visiblelight is just one small part of amuch bigger spectrum: The electromagnetic spectrum

e Thehigherthe frequency, the higher the energy of the radiation
¢ Radiation with higherenergyis:

o Highlyionising

o Harmfulto cells andtissues causing cancer(e.g. UV, X-rays, Gammarays)

¢ Radiation with lowerenergyis:

Page 3 of 22

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers

YOURNOTES
i


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Headtosavemyexams.comfor more awesomeresources

o Useful forcommunications
o Lessharmfultohumans

(") Exam Tip

¥ See if you can make up a mnemonic to help you remember the EM spectrum!
One possibility is:
Raging Martians Invaded Venus Using X-ray Guns

The electromagnetic spectrumis usually given in order of decreasing wavelength
andincreasing frequency i.e. fromradio waves to gamma waves

Remember:

¢ Radios are big (longwavelength)
e Gammarays are emitted from atoms which are very small (short wavelength)

Properties of Electromagnetic Waves

e Electromagnetic waves are defined as:
Transverse waves that transfer energy from the source of the waves to an absorber

¢ Allelectromagnetic waves share the following properties:
o Theyarealltransverse
o Theycan alltravel through a vacuum
o Theyalltravel atthe same speed inavacuum

e The7types of electromagnetic waves together form a continuous spectrum

The Speed of Electromagnetic Waves
EXTENDED

e Thespeed of electromagnetic waves in avacuumis
3.0x108m/s

e Thisis approximately the same speed as electromagnetic waves in air
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Uses of Electromagnetic Waves YOURNOTES

e Electromagnetic waves have a variety of uses and applications !
e Themain ones are summarisedin the table below:

Applications of EM Waves Table

Wave Use
Radio o Communication (radio and TV)
Microwave ° Heating food

o Communication (WiFi, mobile phones, satellites)

Infrared o Remote controls

° Fibre optic communication

o Thermal imaging (medicine and industry)
o Night vision

° Heating or cooking things

° Motion sensors (for security alarms)

o Electrical heaters

°Infrared cameras

Visible light |° Seeing and taking photographs/videos
° Fibre optic communications

Ultraviolet o Security marking (fluorescence)
° Fluorescent bulbs (energy efficient Lamps)
° Getting a suntan

X—Rays o X—Ray images (medicine, airport security and industry)

Gamma Rays | e Sterilising medical instruments
° Treating cancer

¢ Asummary of theuses and dangers of different EM waves are summarisedin the diagram
below:
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THE ELECTROMAGNETIC SPECTRUM
SUMMARY OF USES AND DANGERS

USE: USED FOR
LONG —RANGE
COMMUNICATIONS

REASON: BECAUSE
THEY CAN BE
REFLECTED FROM
THE EARTH'S
ATMOSPHERE

Al LA

USE: OPTICAL FIBRE
COMMUNICATION

REASON: BECAUSE
THEY CAN UNDERGO
TOTAL INTERNAL
REFLECTION

USE: FOR DETECTING
SECURITY INK

REASON: BECAUSE IT
FLUORESCES WITH
ULTRAVIOLET
LIGHTING

USE: TO STERILISE
MEDICAL TOOLS

REASON: BECAUSE
GAMMA  KILLS
BACTERIA

USE: SATELLITE
COMMUNICATIONS

REASON: BECAUSE
MICROWAVES CAN
PENETRATE EARTH'S
ATMOSPHERE

USE: TAKING PHOTOS
AND VIDEOS

REASON: CAMERAS
ARE SET UP TO
DETECT VISIBLE
LIGHT

Copyright © Save My Exams. All Rights Reserved

USE: TO PHOTOGRAPH
BONES

REASON: BECAUSE
X-RAYS CAN
PENETRATE SOFT
TISSUES BUT NOT
BONE

Uses and dangers of the electromagnetic spectrum

Radio Waves & Microwaves

¢ Thesetwo parts of the spectrum share a lot of similarities and applications
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o Theirmain uses concern wireless communication - in fact, many things that people
often assume useradio waves actually use microwaves (e.g. WiFi, radar, mobile
phones, satellite communications)

¢ Atveryhighintensities microwaves can also be usedto heat things
o Thisis what happensinamicrowave oven

Infrared

¢ Infraredis emitted by warm objects and can be detected using special cameras (thermal
imaging cameras). These canbeusedinindustry, inresearch and also in medicine

e Many security cameras are capable of seeing slightly into the infrared part of the spectrum
andthis canbeusedto allow themto seein the dark

o Infraredlights areusedtoilluminate an area without being seen, whichis then
detectedusingthe camera

e Remote controls also have smallinfrared LEDs that can sendinvisible signals to aninfrared
receiveronadevicesuchasaTV

¢ Infraredtravels down fibre optic cables more efficiently than visible light, and so most fibre
optic communication systems useinfrared

Visible
o Visiblelightis the only part of the electromagnetic spectrum thatthe human eye can see

¢ Thehuman eye can detect wavelengths from 750 nanometres (red light) up to 380
nanometres (violet light)

Ultraviolet

» Ultravioletis responsible for giving you a sun tan, whichis your body’s way of protecting
itself against the ultraviolet
¢ When certain substances are exposedto ultraviolet, they absorb it and re-emitit as visible
light (making them glow)
o This processis known as fluorescence
o Fluorescence canbeusedto secretly mark things using specialink - in fact, most bank
notes haveinvisible fluorescent markings on them

e Fluorescentlight bulbs also use this principle to emit visible light

X-rays
e Themost obvious use of x-rays is in medicine
e X-rays are able to pass through most body tissues but are absorbed by the denser parts of
the body, such as bones
o When exposedtox-rays, the bones absorb the x-rays, leaving a shadow which can be
seenusing a special x-ray detector or photographic film

Gamma Rays

¢ Gammarays arevery dangerous and can be usedtokill cells and living tissue
e This property can be utilisedin both cancer detection and treatment
o Ifthese gammarays are carefully aimed at cancerous tissue, they can be very effective
at destroying the cancerous cells
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¢ Gammarays can also be usedto sterilise food and medical equipment by killing off the YOURNOTES
bacteria 1
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Dangers of Electromagnetic Waves

* Asthefrequency of electromagnetic (EM) waves increases, so does the energy
* Beyondthevisible part of the spectrum, the energy becomes large enough toionise atoms
¢ Asaresult of this, the dangerassociated with EM waves increases along with the frequency
o Theshorter the wavelength, the moreionising the radiation
o Although theintensity of a wave also plays a very importantrole

{THE ELECTROMAGNETIC SPECTRUM

LONG WAVELENGTH SHORT WAVELENGTH
LOW FREQUENCY HIGH FREQUENCY

AVAVAYL: i
1

Ultraviolet, X-rays and gammarays can all ionise atoms

V

e Becauseofionisation, ultraviolet waves, X-rays and gamma rays can have hazardous
effects on human body tissue
o The effects dependon the type of radiation and the size of the dose

¢ Theycandamage cells and cause mutations, making them cancerous

¢ Ingeneral, electromagnetic waves become more dangerous the shorter theirwavelength
o Forexample, radio waves have no known harmful effects whilst gammarays can
cause cancerand areregarded as extremely dangerous

e Themainrisks associated with electromagnetic waves are summarisedin the table below:
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¢ Asummary of the uses and dangers of different EM waves are summarisedin the diagram

below:
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Dangers of EM Waves Table

Danger

Radio o No known danger
Microwave o Possible heat damage to internal organs
Infrared o Skin burns

Visible light

° Bright light can cause eye damage

Ultraviolet

o Eye damage
o Sunburn
o Skin cancer

X—rays o Kills cells
o Mutations
o Cancer

Gamma Rays o Kills cells

° Mutations
o Cancer
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THE ELECTROMAGNETIC SPECTRUM
SUMMARY OF USES AND DANGERS

Al LA

USE: USED FOR USE: OPTICAL FIBRE USE: FOR DETECTING USE: TO STERILISE
LONG —RANGE COMMUNICATION SECURITY INK MEDICAL TOOLS
COMMUNICATIONS
REASON: BECAUSE REASON: BECAUSE IT REASON: BECAUSE
REASON: BECAUSE THEY CAN UNDERGO FLUORESCES WITH GAMMA  KILLS
THEY CAN BE TOTAL INTERNAL ULTRAVIOLET BACTERIA
REFLECTED FROM REFLECTION LIGHTING
THE EARTH'S
ATMOSPHERE
USE: SATELLITE USE: TAKING PHOTOS USE: TO PHOTOGRAPH
COMMUNICATIONS AND VIDEOS BONES
REASON: BECAUSE REASON: CAMERAS REASON: BECAUSE
MICROWAVES CAN ARE SET UP TO X—RAYS CAN
PENETRATE EARTH’S DETECT WVISIBLE PENETRATE SOFT
ATMOSPHERE LIGHT TISSUES BUT NOT
BONE
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Uses and dangers of the electromagnetic spectrum

Microwaves

» Certain frequencies of microwaves are absorbed by water molecules
¢ Sincehumans contain alot of water, thereis arisk of internal heating from microwaves
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¢ This might worry some people, but microwaves used in everyday circumstances are proven
tobesafe
o Microwaves used forcommunications (including mobile phones) emit very small
amounts of energy which are not known to cause any harm
o Microwave ovens, on the otherhand, emit very large amounts of energy, however, that
energy is prevented from escaping the oven by the metal walls and metal gridin the
glass door

Ultraviolet

» Ultravioletis similarto visible light, exceptitis invisible to the human eye and carries a much
higherenergy
¢ Ifeyes areexposedto highlevels of UVit can cause severe eye damage
o Goodquality sunglasses willabsorb ultraviolet, preventing it from entering the eyes

» Ultravioletis ionising meaningit cankill cells or cause them to malfunction, resultingin
premature ageing, and diseases such as skin cancer
o Sunscreen absorbs ultraviolet light, preventing it from damaging the skin

X-rays & Gamma Rays

e X-rays and gammarays are the mostionising types of EM waves
o They are able to penetrate the body and causeinternal damage
o Theycan cause the mutation of genes and cause cancer

o Fortunately, thelevel of X-rays usedin medicineis kept to minimum levels at which the risk
is very low
o Doctors, however, will leave the room when taking X-rays in orderto avoid
unnecessary exposure to them

e Peopleworking with gamma rays have to take several precautions to minimise their
exposure and areroutinely tested to check theirradiation dose levels

e Forexample, radiation badges are worn by medical professionals such as radiographers to
measure the amount of radiation exposurein theirbody

&y I

#savemyexams
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Radiation badges are used by people working closely with radiation to monitor exposure YOURNOTES

!
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Communications with Satellites

¢ Geostationary and polarorbiting (low orbit) satellites are both used forcommunicating
information

GEOSTATIONARY ORBIT %\

N{PoLAR ORBIT

Geostationary andpolar orbits around the Earth

Geostationary Satellites

e Geostationary satellites orbitabove the Earth’s equator
o Theorbit of the satelliteis 24 hours
o Ataheight of 36 000 km above the Earth’s surface, much higherthan polar satellites
o Usedforradio andtelecommunication broadcasting around the world due toits high
orbit

COMMUNICATION SIGNALS
TO OTHER PARTS OF =«
THE WORLD

CIRCULAR ORBIT

> WITH A PERIOCD
OF 24 HOURS

SATELLITE IN GEOSTATIONARY
» ORBIT DIRECTLY ABOVE THE
EARTH'S EQUATOR
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Some satellite phones and direct broadcast satellite television use geostationary satellites

Polar Satellites

e Polar, orlow orbit, satellites orbit around the Earth’s north and south poles
e These orbit much lower than geostationary satellites, ataround 200 km above sea level
o Used formonitoring the weather, military applications, and takingimages of the Earth’s
surface
o Thereis a much shortertime delay for signals compared to geostationary orbit signals
o Thesignals andimages are much clearer due to the lower orbit
o However, thereis limited usein any one orbit because more than one satelliteis
required for continuous operation

COMMUNICATION SIGNALS
TO OTHER PARTS OF
THE WORLD

Some satellite phones use low-orbit artificial satellites if a more detailed signal is required
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Systems of Communications
EXTENDED

e Manyimportant systems of communications rely on long wave electromagnetic radiation,
including:
o Mobile phones, wireless internet & satellite television (using microwaves)
o Bluetooth, terrestrial television signals & local radio stations (using radio waves)
o Opticalfibres (using visible orinfrared waves)

Radio Waves

e Radiowaves canbeusedto transmit signals over short distances
o Terrestrial (local) television signals, radio station transmissions and Bluetooth allwork
usingradiowaves

* Radio station signals are transmitted at alonger wavelength than terrestrial television
signals
 Inhilly areas, it may be possible toreceive radio signals but notreceive terrestrial television
signals
o Thisis becauseradio signals are more prone to diffraction around the hills

¢ Radio signals tendto have wavelengths of around a kilometer, so the radio signals are more
likely to have wavelengths similar to the size of the hill
o This leads to diffraction, soradio signals canreach locations notin theline of sight of
the transmitter, whereas TV signals are not diffracted

¢ Bluetooth usesradio waves instead of wires or cables to transmitinformation between
electronic devices, over short distances, such as phones and speakers
o Bluetooth signals tend to have shorter wavelengths than radio or television signals
o This enables high rates of data transmission, but can only be used overa short
distance (forexample, within a household)
o This means they can pass through walls but the signalis significantly weakened on
doingso

(= DIRECTION OF WAVES —— [{VLONG—WAVELENGHT
WAVES (RADIO SIGNALS)

SHORT —WAVELENGTH
WAVES (TERRESTRIAL
TELEVISION SIGNALS)
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Radio signals diffract around hills because they are a similar wavelength to the hill

Microwaves

e Microwaves can beusedto transmit signals overlarge distances
o Microwaves are usedto sendsignals to and from satellites
o Mobile phones, wireless internet, satellite (global) television and monitoring Earth
systems (forexample, weatherforecasting) all utilise microwave communication
¢ Aswithradiowaves, microwave signals willbe clearerif there are no obstacles in the way
which may cause diffraction of the beam
¢ Ontheground, mobile phone signals use a network of microwave transmitter masts to
relay the signals from the nearest mast to the receiving phone
o Theycannotbespacedso farapart that, forexample, hills orthe curvature of the Earth
diffractthe beam

¢ When microwaves are transmitted from a dish, the wavelength must be small comparedto
the dish diameter toreduce diffraction
o Also, the dish mustbe made of metalbecause metalrefilects microwaves well

¢ Mobile phones and wireless internet use microwaves because microwaves are not
refracted, reflected orabsorbed by the atmosphere orionosphere
o This means satellites canrelay signals around the Earth enabling 24-hour-a-day
communication allaround the world
o Also, they can penetrate most walls and only require a short aerial for transmission and
reception

Optical Fibres

e Opticalfibres (visible light orinfrared) are used for cable television and high-speed
broadband
o Thisis because glassis transparent tovisible light and someinfrared
o Also,visible lightand short-wavelengthinfrared can carry high rates of data due to
theirhigh frequency

Optical fibres use visible light orinfrared for transmitting cable television and high-speed
broadbandsignals
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Digital & Analogue Signals

EXTENDED

e Therearetwo types of signals:
o Analogue
o Digital

¢ Analogue signals vary continuously - they can take any value

SIGNAL A
STRENGTH

\ 2

An analogue signal is continuously varying, taking any value

+ Adigital signal can only take one of two (discrete) states
o Theseareusually referredto as;
= 1sandOs
= Highs andlows, or
= Ons and offs
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STRENGTH

Adigital signal can only take one of two values - Oor1

Transmission of Sound
EXTENDED

e Soundwaves that can be transmitted as a digital or analogue signal

» Signals forspeech ormusic are made up of varying frequencies
o Inordertomake out theinformation clearly, the signal needs to be transmitted with as
little interference as possible

e Thesignalgoesis converted both before transmission and after beingreceived
o Before transmission: the signalis converted from analogue to digital
o Afterbeingreceived: the signalis converted from digital to analogue
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Benefits of Digital Signalling YOURNOTES
EXTENDED l

¢ Ananaloguessignal consists of varying frequency oramplitude
o Examples of analogue technology include telephone transmission and some
broadcasting

¢ Adigital signalis generated and processedin two states:
o lorO (high orlow states respectively)

/

ANALOGUE

\\fu —

A

L.

L

Analogue v digital signal

e Thekey advantages of transmission of data in digital form compared to analogue are:
o Thesignalcan beregenerated so thereis minimalnoise
o Duetoaccuratesignalregeneration, the range of digital signalsis larger than the
range of analogue signals (they can cover larger distances)
o Digital signals enable anincreased rate of transmission of data comparedto
analogue
o Extradatacanbeaddedsothatthesignal canbe checked forerrors
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