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Cordless phone Microwave Oven ) : Microwave S-band (Short) ) ; 0410608 e TV ch ) : e The range of EMR visi
i i L L ' ' IM/J 0] ¢ anm.els transmitted through cable (CATV) are sh visible visible to humans is also called “Light”. Th
2.15 GHz 132 mm 0.97 peV 2.55 GHz 111 mm 11.9 peV 3.04 GHz 93.2 mm 14.1 peV 3.61 GHz 78.3 mm 16.8 peV 4.29 GHz starting with “T-" are channels fed back to th bs iy m CATV channels th ;pectmm also closely resembles the range of EMRgh .f )
. o the cable TV stati : rough our atm that filters
! - ; ' g ! ! e Air and cable T i station (like news feeds). osphere from the sun.
’ : Microwave L-band (Long) ‘ . 2GHz frequency ca(:riex, ;trz:)tl;onz atre broadcast with the separate video, colour, and a d? e Other creatures see different ran f
e ; ' ' udi es isi ;
1.07 GHz 264 mm 4.98 peV 1.28 GHz 222 mm CERTY 152 GHz 186 mm . 2.15 GHz : ped together in a channel band as follows: ° bumble-bees can see ultraviolet Iigght ac:wdvésc;blehhght’ for example
o5 126 [27) 1281 1291 1301 511 1321 1331 134 155 '35 (37 [38] 591 M) (41 (42 |43 [4% 145 146 AT 4g 49 50 51 52 53 54 55 56 57 58 59 60 &7 62 63 64 65 66 67 68 69 W0 71 12 13 T4 75 76 77 78 79 60 8182 83 | | 1GHz'! I E_mm— OMHz sponse to colours than do humans gs have a different re-
T e (Brevious) Loy T LI EELLL - e | e The sky is blue becaus '
500 = ; : : - e our atmosph i
537 MHz 527 mm 2.49 peV 638 MHz 313 mm 419 pev  1.07 GHz Video Colour T wavelength blue gets scattered thz ;fsicaﬁters light and the shorter
| S i N I S N 8 : o Satellite channels broadcast i udio sky is illuminated by a blue light but in f: - It appears that the entire
=33 (501 0l i 2 [ I s B . ast in the C-Band are depi th act that light is scatt
I | - - broadcast in alternating polarities (Ex. Ch re eplc_ted as . These stations are e sun. The longer wavelengths like red and oran ered from
268 MHz 105 m 1.25 peV 370 MiHz 886 mm 148 eV 627 mm 537 MHz versa on neighbouring satellites). 1 is vertical and 2 is horizontal and vice E;ﬁ’“gh the atmosphere which makes the sun look e o ;t”a'fht
: : . : c i ri i
. ' e R SR R S N e — « The 15.7 kHz horizontal sweep signa onining all the colows fthe il pecium.
people. This co signa produced by a TV can be heard by s e Interestingly, the visible spect .
| | | | | | mmon contaminant signal to VLF s € heard by some young pectrum covers approximately one octave
160 MHz 226 MHz 1.25 m 1.05 peV 268 MHz E pectra listening is depicted as e Astronomers use filters to captur ifi '
\ e s .
unwanted wavelengths, the major ast‘igi'olclwalvele.mgths Iand reject
; ) are depicted as “ mical (visual) filter bands
Radio Bands -
h J
~

33.6 MHz

Marine

882 kHz

4.09I neV
SOS

32|1 m

Marine ms=
2.10 MHz

1.05 MHz

W]

: 2‘)
2.05 neV

52§ kHz 540 m 2.43 neV 623 kHz
EUR A b —
I Marine Radio { =
i avigational Beaco wemm BE2CONS
262 kHz 1.08 km 1.22 neV 312 kHz 908 m 1.45 neV 371 kHz 763 m 1.72 neV 441 kHz 642 m 524 kHz
Ll 1 ope and A 3 A 1 1
Maritime Mobile : —
: P Cound Wave Emergency Network s avigational Beaco arineac
131 kHz 2.16 km 608 peV 156 kHz 1.82 km 724 peV 185 kHz 1.53 km 860 peV 220 kHz 1.28 km 1.02 neV 262 kHz
:\' / H z = Mobile
g Maritime Mobile \9 \9 —— e — ORA avigatio _/l adiolocatio
65.5 kHz 4.32 km 304 peV 77.9 kHz 3.63 km 362 peV 92.7 kHz 3.05 km 430 peV 110 kHz 2.57 km 512 peV 131 kHz
| i H
— ] P \laritime Mobile
39.0 kHz 7.26 km 181 peV 46.3 kHz 6.11 km 215 peV 55.1 kHz 5.13 km 256 peV 65.5 kHz
<§) "1.4kHz= 22.3kHz= B8 4 . PP =—+-H—‘°"-omﬂ" | b)
Maritime Mobile 1 1
19.5 kHz 14.5 km 90.4 peV 23.2 kHz 12.2 km 108 peV 27.6 kHz 10.3 km 128 peV 32.8 kHz
Je— Radionavigation; mi!" e Mobile
8.19 kHz 34.5 km 38.0 peV 9.74 kHz 29.0 km 45.2 peV 11.6 kHz 24.4 km 53.8 peV 13.8 kHz 20.5 km 64.0 peV 16.4 kHz
4.10 kHz 69.1 km 19.0 peV 4.87 kHz 58.1 km 22.6 peV 5.79 kHz 48.8 km 26.9 peV 6.89 kHz 41.1 km 32.0 peV 8.19 kHz
L =5
2.05 kHz 138 km 9.51 peV 2.44 kHz 116 km 11.3 peV 2.90 kHz 97.7 km 13.4 peV 3.44 kHz 82.2 km 16.0 peV 4.10 kHz
o L I o L I .
1.02 kHz 276 km 4.75 peV 1.22 kHz 232 km 5.65 peV 1.45 kHz 195 km 6.72 peV 1.72 kHz 164 km 7.99 peV 2.05 kHz
| &~ =00 | I [ — R
512 Hz 553 km 2.38 peV 609 Hz 465 km 2.83 peV 724 Hz 391 km 3.36 peV 861 Hz 329 km 4.00 peV 1.02 kHz
400Hz
Airplane Power
256 Hz 1.11 Mm .19 peV 304 Hz 929 km 1.41 peV 362 Hz 782 km 1.68 peV 431 Hz 2.00 peV
150Hz 180Hz
3rd harmonic 3rd harmonic
128 Hz . 594 feV 152 Hz 1.86 Mm 7 V 181 Hz 1.56 215 Hz 1.31 Mm 999 feV 256 Hz
120Hz Lights
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62.5 mHz 4.53 Gm 200 aeV 74.3 mHz 3.81 Gm 345 aeV 88.4 mHz 3.20 Gm 410 aeV 105 mHz 488 aeV 125 mHz
31.2 mHz 9.05 Gm 145 aeV 37.2 mHz 7.61 Gm 173 aeV 44.2 mHz 6.40 Gm 205 aeV 52.6 mHz 5.38 Gm 244 aeV 62.5 mHz
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15.2 Gm 86.3 aeV 22.1 mHz 12.8 Gm 103 aeV 26.3 mHz 10.8 Gm 122 aeV 31.2 mHz
Frequency Wavelength Energy

Electromagnetic Radiation (EMR)

e EMR i . - .
o Wa\:zsemltted in dlscrejte units called photons but has properti
as seen by the images below. EMR can be created 'E)y tf:

P
How to read this chart
e This chart is organized in illati
i ‘ octaves (fre : : ] oscillation or accelerati .
T e o Iower( (1‘/1;ef1lc/>;dzilblln_%/halvmg) s_tartmg ¢ 1Hy and travels through spaecr:t;?l}?f electrical _charge or magnetic field. EMR
represent frequency. , , etc). The octave is a natural way to EMR consists of an oscillatei!nsgp;eedctof IIg|ht 22.997 924 58 x10° m/s).
- | . rical and magnetic fi i
requency increases on the vertical scale in the upward directio ?I'th:ih't angles to eachother and spaced at a pirticflalrelvc\i,av\\:;mh :Le
e The horizontal bars w ) n. - 1S some controversy about the ph - . engtn.
s ap around from far right to far left as the frequency increases electrical and magnetic fields of EMRp 2?; rc?flatt}:zn::'p be.tween the
sentations is shown here: ’ eoretical repre-
e There is no limit to eith i |
e e beZrnenhd of this chart, however, due to limited space, only the R
frequency but the method o _he_re' A frequency of OHz is the |owest’ Oy ibl
reaching OHz, only app © }?f depicting octaves used here does not allow ?o ssible
' C roaching it. Also, by the definiti rever
second), there is no such thing as negativeyfreqeue::z;“tlon of frequency (Cycles per
e Values on th ) .
. Herti Cl\1/\a/rt have been labelled with the following colours: __Frequenc -
L ) __avelength measured in meters, -Energy measured in electroivmia_ = / N
olts.
s y, Date ¢
Ultraviolet Light
e Ultraviolet light i = ic Fi
L h|ght is beyond the range of human vision. B _ IE/IIectnc Field Strength
ysicists have divided ultraviolet li . = Magpnetic Field Strength .
treme Ultraviolet (EUV), Far Ultrz:%ih;ertangFeUs into Vac.uum Ultraviolet (VUV), Ex- Wave Nature ¢ Particle Nature
Near Ultraviolet (NUV). (FUV). Medium Ultraviolet (MUV), and
e UV-A, UV-B and UV-C , e The particle nature of EMR i .
| ' , C were introd _ ' . is exhibited whe e indi
fionale de I'Eclairage (CIE, Int o .uced in the.1€.)30 s by the Commission Interna- vidual electrons when struck with very di |'n a solar cell emits ind-
logical spectral bands , International Commission on Illumination) for photobio e The wave nature of EMR is d v m e
. - " is demonstrated by the f: ;
. ox ) amous doubl
e Short-term UV-A exposure causes sun-tanni . periment that shows cancelling and addition of wa ouble slt
burn. Exposure to UV-B is benefici ning which helps to protect against sun- * Much of the EMR properti .
D. Excessive UV exposure causelsc;all'todhumans by helping the skin produce vitamin see the effects of E")\/' Fszrtlies ot i Eased on theories since we can only
v - P nd not t ;
used as a germicide. amage. UV-C is harmful to humans but is e Albert Einstein theorized th :th ° sctusl photon er wave el
.« . - i a e S - .
. T.hfe CIEor|g|na|Iy divided UVA and UVB at 315nm, | anything can travel. So far he has nz:ebd of light is the fastest that
divided it at 320nm. , later some photo-dermatologists e EMR can have its wavel h ch S preven e
. N . ! elength changed if i ;
e UVA is subdivided into UVAL and UVA2 for DNA alteri approaching as in the red-shift examg| If Zhe source is receding or
e The sun produces a wid altering effects at 340nm. that are moving away from us at - Oh :tant galaxies and stars
ide range of ies i : i very .
howerer, UVB T partially f”teid cb>y :Liqzenc,es including all the ultraviolet light spectral |Ight from these receding bod}i/es lfpp:zresedr: e emltte'd
by the carth's atmosphere. zone layer and UVC is totally filtered out would be if the object was not moving away from us ere red than &
o A bumblebee can cee fioht | e We only have full electronic control i '.
flowers. ight in the UVA range which helps them identif . range and lower. Higher fi o frequencies in the microwave
\ ify certain e oo o requencies must be created by waiting fo
g ¢ gy to be released from elements as photons. We can 'gth r
Emissi : ) o Tet:ergY into the elements (ex. heating a rock with Visib|;_a,e|1:|\/|eRr
sion and AbSOI’ptlon . letting it release infrared EMR) or let it naturall
e As EMR passes th h uranium decay). y escape (ex.
s through elements, certain W, isi
new ones e e T o cer andwave,zle_ngth bands get absorbed and some e We ;an_only see the visible spectrum. All other bands of th
lines for each element which are useful i demlSSlon produces characteristic spectral N are depicted as hatched colours m s pecirm
T . in determining th ; .
Whese lines are used to prove the red-shift amount ofgdistear:r;aslgr:: of distant stars. p J
e When a photon hits an a i . ¢
t ] Syst . T
energy level of the electron ;;n:ai:e?iy be al?sorbed if the energy is just right. The Sym{)solem(i\llntematlonaI d'unité prefixes (S unit prefixes) )
of specific wavelength is created wh essentially ho.Iding the radiation. A new photon ome_Exp. Multiplier
a discrete step and many po 'bIW en the energy is released. The jump in energy is M yotta | 10% 1,000,000,000
s o o y possible levels of energy exist in an atom & z zetta | 10% 1’000,000,000’000'000'000'000’000
onn Balmer created thi o . ,000,000,000,000,000,000
Johann Balmer creat elect'rsoffg:“'a defining the .photon emission wavelength (1): |E exa 101: 1,000,000,000,000,000 000'000
ergy |eV2€| and n is the final electron energy level: , T b 1012 1'000'000’000’000'000'
A = 364.56nm (%) | G il et 1,000,000,000,000
| - giga | 10 1,000
e Much of the int ; O 000,000
visible-spectrIn erSte!Iar matter is made of the simplest atom hydrogen. Th M mega 10° 1,000,000
um emission and absorption lines are shown below: gen. The hydrogen k kilo 10° 1,000
. 0
Emission line illi 1o 0
Ab > I o, " milli | 107% | 0.001
sorption line H o Il " micro | 107 0.000
. ‘_L__ || 000001
Balmer series name Hg H, HsH. H, n na.no 1079 0.000 000 001
He o 10:§ 0.000 000 000 001
: emto 10_18 0.000 000 000 000 001
y i zaet;:o 18_21 0.000 000 000 000 000 001
E;': White Hot o thax Planck determined the relationship between y yocto | 107 8880 000 000 000 000 000 001
: OT o ﬁlee ten;]peragjre of an object and o radiation pro. .000 000 000 000 000 000 000 001
. ; where R, is the radiati i
Hot ] iation power, A is the Measurements on thi
\ CMB wavelength, T is the tempg;itlure: Symbol Name s chart Val
Frequenc Ry = S ¢ . .
y (M . . Speecyi of Light 2.997 924 58 x10% m/
\ W5 AT . Planck’s Constant 6.626 1 x1073* J )
f Planck’s Constant (freq) 1.054 592 x 1073 -']5
(C — ) ! Frequency (cycles / second) [ ®
osmic Microwave B e
ack — ers)
1 600 GHz e CMB radiation is the lef ground Radiation £ Energy (Joules) i
which last e leftover heat from the hot early universe J
. scattered about 400,000 years after the Big Bang ’ Conversions
. B permeates the enti i . =
000K entire universe at a temperature of 2.725 E _ Z.f
e CMB was predicted in ;
the 1940’s by R 1A = 0.1nm
Gamow and Robert Herman. y Ralph Alpher, George inm = 10A
A . . L 1 =
e Arno Penzias and Robert Wilson accidentally discovered CMB =

while working for Bell Telephone Laboratories in 1965 (G
: amma Rays

The intensity is measu i
red
1Jy = 10*25W/m2/HZ in Mega Jansky (Jy) per steradian.

65 GHz

o Ga e .
thaTr;;S rsdlatlon is the highest energy radiation (up to ~ 10%° eV
een measured. At this energy, the radiation could be f:)rrz

[ ] i
I 1[S] Ia(i o] Spect un (EL to EI ” ) IS populated by nany more |te ns than ca b
e

shown on this
chart, only a small sampling of bands used around the world h
ave

been shown.

Communication using EMR is done using either:

~ Amplitude Modulation (AM) |\ s i

OR
— Frequency Modulation (FM) WWWAMA/WWWAMA}WWVWWVWW/VVV\/

Each country has its own ru r r S region
: Yy iI |W les and egulations fo aIIotting bands in thi io

Fol l-Ole nformation, look up the radio communicatio rity i r ar .

I | : ) unications autho Ity In your area (EX.

Not all
references agree on the ULF band range, the HAARP range is d h
used here.

IzAle DeteCti 1g A d Ral g.l g {ADA { uses
: i . .
: £ ( . ) EMR IT the ICrowave range to detect

(Infrared Radiation

Inla ed lad atio IR S ser Sed b uma Sasleatald Sbeo the
ange o ( ) .
uman vision. IU ans and anything at room te elaWtU e

IR remote cont i
rol signals are invisibl
e to th
detected by most camcorders. © human eye but can be

I'I g t visior Sccpes/gogg €S use a special camera that senses It a ld

converts the image to visi i
ible light. Some IR
lamp to help illuminate the view. cameras employ an [

IR LASERs are used for burning objects.

A demonstration of IR i
is to hold a metal bowl i
The IR emi . owl in front of
. e IR emitted by your body will be reflected back using th your facte_
ape of the bowl and you will feel the heat. g the parabolic

Fiber-optic based infra
b ' red communication si i
plified with Erbium-Doped Fiber Amplifizrzl'g;;;are ometimes am

Citi . .
itizens Band Radio (CB) contains 40 stations between 26.965-27.405MH
.965-27. z.

Schumann reso i
nance is produced in the cavi
ity bet i
T e o st asA y between the Earth and the ionosphere.

Hydrogen gas emits radio band EMR at 21cmA

(LASER

[ )
of Radiation.

e Some indivi i
e individual frequencies are represented as icons:

d?' Submarine communications

@ Time and frequency standards

intensity.

L] LASER ISa (¢] I (o] A | or 1 I o
ac y ng t p|| Icati by Stl Ulated E Ission
LASE 2 evice t t pr uces r cnron C E R
[ A IS a d V1 at pi Od S ono h omati M o) hlgh

o With i
LASEgro{ger eqmpment,. any EMR can be made to operate lik
. For example, microwaves are used to create a MASERI o

XXm i i
- Ham radio and international meter bands

- Miscellaneous short wave radio

Weather stations
P
Cellular and PCS Phones (including; FDMA, TDMA, CDMA )
, , ranges

Polarization

As a pho i i

he :mgt](;rliillfglzztpart.lcle) travels through space, its axis of electrical

and magnete Tu u:althns does not rotate. Therefore, each photon

has 2 fhxed I polarity of sc?mewhere between 0°to 360°. Ligh
o be circularly and elliptically polarized e
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Ocean Waves
Source

Reflector
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tors'lncluding the wavelength of
the incident beam.

The angle of incidence (6;) and
angle of reflection () are the
same.
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