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VISIBLE SPECTRUM

VISIBLE SPECTRUM B

VRI

JHK

400nm
UV-AUV-A1 UV-A2

340nm 320 315nm
UV-B 280nm

UV-C

EUV (Extreme Ultraviolet)

100nm

10nm

Soft XRay

1nm

Hard XRay

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

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

62.5 mHz 4.53 Gm 290 aeV 74.3 mHz 3.81 Gm 345 aeV 88.4 mHz 3.20 Gm 410 aeV 105 mHz 2.69 Gm 488 aeV 125 mHz

125 mHz 2.26 Gm 580 aeV 149 mHz 1.90 Gm 690 aeV 177 mHz 1.60 Gm 821 aeV 210 mHz 1.35 Gm 976 aeV 250 mHz

250 mHz 1.13 Gm 1.16 feV 297 mHz 952 Mm 1.38 feV 354 mHz 800 Mm 1.64 feV 420 mHz 673 Mm 1.95 feV 500 mHz

500 mHz 566 Mm 2.32 feV 595 mHz 476 Mm 2.76 feV 707 mHz 400 Mm 3.28 feV 841 mHz 337 Mm 3.90 feV 1.00 Hz

1.00 Hz 283 Mm 4.64 feV 1.19 Hz 238 Mm 5.52 feV 1.41 Hz 200 Mm 6.56 feV 1.68 Hz 168 Mm 7.81 feV 2.00 Hz

2.00 Hz 141 Mm 9.28 feV 2.38 Hz 119 Mm 11.0 feV 2.83 Hz 100 Mm 13.1 feV 3.36 Hz 84.1 Mm 15.6 feV 4.00 Hz

4.00 Hz 70.7 Mm 18.6 feV 4.76 Hz 59.5 Mm 22.1 feV 5.66 Hz 50.0 Mm 26.3 feV 6.73 Hz 42.1 Mm 31.2 feV 8.00 Hz

8.00 Hz 35.4 Mm 37.1 feV 9.51 Hz 29.7 Mm 44.2 feV 11.3 Hz 25.0 Mm 52.5 feV 13.5 Hz 21.0 Mm 62.5 feV 16.0 Hz

16.0 Hz 17.7 Mm 74.3 feV 19.0 Hz 14.9 Mm 88.3 feV 22.6 Hz 12.5 Mm 105 feV 26.9 Hz 10.5 Mm 125 feV 32.0 Hz

32.0 Hz 8.84 Mm 149 feV 38.1 Hz 7.44 Mm 177 feV 45.3 Hz 6.25 Mm 210 feV 53.8 Hz 5.26 Mm 250 feV 64.0 Hz

64.0 Hz 4.42 Mm 297 feV 76.1 Hz 3.72 Mm 353 feV 90.5 Hz 3.13 Mm 420 feV 108 Hz 2.63 Mm 500 feV 128 Hz

128 Hz 2.21 Mm 594 feV 152 Hz 1.86 Mm 707 feV 181 Hz 1.56 Mm 840 feV 215 Hz 1.31 Mm 999 feV 256 Hz

256 Hz 1.11 Mm 1.19 peV 304 Hz 929 km 1.41 peV 362 Hz 782 km 1.68 peV 431 Hz 657 km 2.00 peV 512 Hz

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

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

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

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

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

16.4 kHz 17.3 km 76.1 peV 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

32.8 kHz 8.64 km 152 peV 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

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

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

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 2.05 neV 524 kHz

524 kHz 540 m 2.43 neV 623 kHz 454 m 2.89 neV 741 kHz 382 m 3.44 neV 882 kHz 321 m 4.09 neV 1.05 MHz

1.05 MHz 270 m 4.87 neV 1.25 MHz 227 m 5.79 neV 1.48 MHz 191 m 6.88 neV 1.76 MHz 160 m 8.19 neV 2.10 MHz

2.10 MHz 135 m 9.74 neV 2.49 MHz 113 m 11.6 neV 2.97 MHz 95.4 m 13.8 neV 3.53 MHz 80.2 m 16.4 neV 4.19 MHz

4.19 MHz 67.5 m 19.5 neV 4.99 MHz 56.7 m 23.2 neV 5.93 MHz 47.7 m 27.5 neV 7.05 MHz 40.1 m 32.7 neV 8.39 MHz

8.39 MHz 33.7 m 38.9 neV 9.98 MHz 28.4 m 46.3 neV 11.9 MHz 23.9 m 55.1 neV 14.1 MHz 20.1 m 65.5 neV 16.8 MHz

16.8 MHz 16.9 m 77.9 neV 20.0 MHz 14.2 m 92.6 neV 23.7 MHz 11.9 m 110 neV 28.2 MHz 10.0 m 131 neV 33.6 MHz

33.6 MHz 8.43 m 156 neV 39.9 MHz 7.09 m 185 neV 47.5 MHz 5.96 m 220 neV 56.4 MHz 5.01 m 262 neV 67.1 MHz

67.1 MHz 4.22 m 312 neV 79.8 MHz 3.55 m 370 neV 94.9 MHz 2.98 m 441 neV 113 MHz 2.51 m 524 neV 134 MHz

134 MHz 2.11 m 623 neV 160 MHz 1.77 m 741 neV 190 MHz 1.49 m 881 neV 226 MHz 1.25 m 1.05 ¹ eV 268 MHz

268 MHz 1.05 m 1.25 ¹ eV 319 MHz 886 mm 1.48 ¹ eV 380 MHz 745 mm 1.76 ¹ eV 451 MHz 627 mm 2.10 ¹ eV 537 MHz

537 MHz 527 mm 2.49 ¹ eV 638 MHz 443 mm 2.96 ¹ eV 759 MHz 373 mm 3.52 ¹ eV 903 MHz 313 mm 4.19 ¹ eV 1.07 GHz

1.07 GHz 264 mm 4.98 ¹ eV 1.28 GHz 222 mm 5.93 ¹ eV 1.52 GHz 186 mm 7.05 ¹ eV 1.81 GHz 157 mm 8.38 ¹ eV 2.15 GHz

2.15 GHz 132 mm 9.97 ¹ eV 2.55 GHz 111 mm 11.9 ¹ eV 3.04 GHz 93.2 mm 14.1 ¹ eV 3.61 GHz 78.3 mm 16.8 ¹ eV 4.29 GHz

4.29 GHz 65.9 mm 19.9 ¹ eV 5.11 GHz 55.4 mm 23.7 ¹ eV 6.07 GHz 46.6 mm 28.2 ¹ eV 7.22 GHz 39.2 mm 33.5 ¹ eV 8.59 GHz

8.59 GHz 32.9 mm 39.9 ¹ eV 10.2 GHz 27.7 mm 47.4 ¹ eV 12.1 GHz 23.3 mm 56.4 ¹ eV 14.4 GHz 19.6 mm 67.1 ¹ eV 17.2 GHz

17.2 GHz 16.5 mm 79.8 ¹ eV 20.4 GHz 13.9 mm 94.8 ¹ eV 24.3 GHz 11.6 mm 113 ¹ eV 28.9 GHz 9.79 mm 134 ¹ eV 34.4 GHz

34.4 GHz 8.24 mm 160 ¹ eV 40.9 GHz 6.93 mm 190 ¹ eV 48.6 GHz 5.82 mm 226 ¹ eV 57.8 GHz 4.90 mm 268 ¹ eV 68.7 GHz

68.7 GHz 4.12 mm 319 ¹ eV 81.7 GHz 3.46 mm 379 ¹ eV 97.2 GHz 2.91 mm 451 ¹ eV 116 GHz 2.45 mm 536 ¹ eV 137 GHz

137 GHz 2.06 mm 638 ¹ eV 163 GHz 1.73 mm 759 ¹ eV 194 GHz 1.46 mm 902 ¹ eV 231 GHz 1.22 mm 1.07 meV 275 GHz

275 GHz 1.03 mm 1.28 meV 327 GHz 866 ¹ m 1.52 meV 389 GHz 728 ¹ m 1.80 meV 462 GHz 612 ¹ m 2.15 meV 550 GHz

550 GHz 515 ¹ m 2.55 meV 654 GHz 433 ¹ m 3.03 meV 777 GHz 364 ¹ m 3.61 meV 925 GHz 306 ¹ m 4.29 meV 1.10 THz

1.10 THz 257 ¹ m 5.10 meV 1.31 THz 216 ¹ m 6.07 meV 1.55 THz 182 ¹ m 7.22 meV 1.85 THz 153 ¹ m 8.58 meV 2.20 THz

2.20 THz 129 ¹ m 10.2 meV 2.62 THz 108 ¹ m 12.1 meV 3.11 THz 91.0 ¹ m 14.4 meV 3.70 THz 76.5 ¹ m 17.2 meV 4.40 THz

4.40 THz 64.3 ¹ m 20.4 meV 5.23 THz 54.1 ¹ m 24.3 meV 6.22 THz 45.5 ¹ m 28.9 meV 7.40 THz 38.3 ¹ m 34.3 meV 8.80 THz

8.80 THz 32.2 ¹ m 40.8 meV 10.5 THz 27.1 ¹ m 48.6 meV 12.4 THz 22.7 ¹ m 57.7 meV 14.8 THz 19.1 ¹ m 68.7 meV 17.6 THz

17.6 THz 16.1 ¹ m 81.7 meV 20.9 THz 13.5 ¹ m 97.1 meV 24.9 THz 11.4 ¹ m 115 meV 29.6 THz 9.56 ¹ m 137 meV 35.2 THz

35.2 THz 8.04 ¹ m 163 meV 41.8 THz 6.76 ¹ m 194 meV 49.8 THz 5.69 ¹ m 231 meV 59.2 THz 4.78 ¹ m 275 meV 70.4 THz

70.4 THz 4.02 ¹ m 327 meV 83.7 THz 3.38 ¹ m 388 meV 99.5 THz 2.84 ¹ m 462 meV 118 THz 2.39 ¹ m 549 meV 141 THz

141 THz 2.01 ¹ m 653 meV 167 THz 1.69 ¹ m 777 meV 199 THz 1.42 ¹ m 924 meV 237 THz 1.20 ¹ m 1.10 eV 281 THz

281 THz 1.01 ¹ m 1.31 eV 335 THz 845 nm 1.55 eV 398 THz 711 nm 1.85 eV 473 THz 598 nm 2.20 eV 563 THz

563 THz 503 nm 2.61 eV 669 THz 423 nm 3.11 eV 796 THz 355 nm 3.70 eV 947 THz 299 nm 4.39 eV 1.13 PHz

1.13 PHz 251 nm 5.23 eV 1.34 PHz 211 nm 6.22 eV 1.59 PHz 178 nm 7.39 eV 1.89 PHz 149 nm 8.79 eV 2.25 PHz

2.25 PHz 126 nm 10.5 eV 2.68 PHz 106 nm 12.4 eV 3.18 PHz 88.9 nm 14.8 eV 3.79 PHz 74.7 nm 17.6 eV 4.50 PHz

4.50 PHz 62.8 nm 20.9 eV 5.36 PHz 52.8 nm 24.9 eV 6.37 PHz 44.4 nm 29.6 eV 7.57 PHz 37.4 nm 35.2 eV 9.01 PHz

9.01 PHz 31.4 nm 41.8 eV 10.7 PHz 26.4 nm 49.7 eV 12.7 PHz 22.2 nm 59.1 eV 15.1 PHz 18.7 nm 70.3 eV 18.0 PHz

18.0 PHz 15.7 nm 83.6 eV 21.4 PHz 13.2 nm 99.4 eV 25.5 PHz 11.1 nm 118 eV 30.3 PHz 9.34 nm 141 eV 36.0 PHz

36.0 PHz 7.85 nm 167 eV 42.8 PHz 6.60 nm 199 eV 51.0 PHz 5.55 nm 237 eV 60.6 PHz 4.67 nm 281 eV 72.1 PHz

72.1 PHz 3.93 nm 335 eV 85.7 PHz 3.30 nm 398 eV 102 PHz 2.78 nm 473 eV 121 PHz 2.33 nm 563 eV 144 PHz

144 PHz 1.96 nm 669 eV 171 PHz 1.65 nm 796 eV 204 PHz 1.39 nm 946 eV 242 PHz 1.17 nm 1.13 keV 288 PHz

288 PHz 982 pm 1.34 keV 343 PHz 826 pm 1.59 keV 408 PHz 694 pm 1.89 keV 485 PHz 584 pm 2.25 keV 576 PHz

576 PHz 491 pm 2.68 keV 686 PHz 413 pm 3.18 keV 815 PHz 347 pm 3.78 keV 969 PHz 292 pm 4.50 keV 1.15 EHz

1.15 EHz 245 pm 5.35 keV 1.37 EHz 206 pm 6.36 keV 1.63 EHz 174 pm 7.57 keV 1.94 EHz 146 pm 9.00 keV 2.31 EHz

2.31 EHz 123 pm 10.7 keV 2.74 EHz 103 pm 12.7 keV 3.26 EHz 86.8 pm 15.1 keV 3.88 EHz 73.0 pm 18.0 keV 4.61 EHz

4.61 EHz 61.4 pm 21.4 keV 5.48 EHz 51.6 pm 25.5 keV 6.52 EHz 43.4 pm 30.3 keV 7.76 EHz 36.5 pm 36.0 keV 9.22 EHz
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CosmicM icrowaveBackgroundRadiation
² CMB radiation is the leftover heat from the hot early universe,

which last scatteredabout 400,000years after the Big Bang.

² CMB permeatesthe entire universeat a temperature of 2.725
§ 0.001K.

² CMB was predicted in the 1940's by Ralph Alpher, George
Gamow and Robert Herman.

² Arno Penziasand Robert Wilson accidentally discoveredCMB
while working for Bell TelephoneLaboratories in 1965.

² The intensity is measuredin Mega Jansky (J y) per steradian.
1J y = 10¡ 26 W=m2=Hz

Close examination of slight CMB intensity
variations in di®erent parts of the sky help
cosmologistsstudy the formation of galaxies.
WMAP photo by NASA

The Electromagnetic Radiation Spectrum
How to readthis chart

² This chart is organizedin octaves(frequencydoubling/halving) starting at 1Hz and
going higher (2,4,8, etc) and lower (1/2, 1/4, etc). The octave is a natural way to
represent frequency.

² Frequencyincreaseson the vertical scalein the upward direction.

² The horizontal bars wrap around from far right to far left as the frequencyincreases
upwards.

² There is no limit to either end of this chart, however, due to limited spaceonly the
\known" items have been shown here. A frequencyof 0Hz is the lowest possible
frequencybut the method of depicting octaves used here does not allow for ever
reaching0Hz, only approaching it. Also, by the de¯nition of frequency(Cyclesper
second),there is no such thing as negativefrequency.

² Valueson the chart havebeenlabelled with the following colours: Frequency mea-
suredin Hertz, Wavelength measuredin meters, Energy measuredin electronVolts.

UltravioletLight
² Ultraviolet light is beyond the rangeof human vision.

² Physicistshavedivided ultraviolet light rangesinto Vacuum Ultraviolet (VUV), Ex-
treme Ultraviolet (EUV), Far Ultraviolet (FUV), Medium Ultraviolet (MUV), and
Near Ultraviolet (NUV).

² UV-A, UV-B and UV-C were introduced in the 1930's by the CommissionInterna-
tionale de l' ¶Eclairage(CIE, International Commissionon Illumination) for photobio-
logical spectral bands.

² Short-term UV-A exposurecausessun-tanning which helps to protect against sun-
burn. Exposureto UV-B is bene¯cial to humansby helpingthe skin producevitamin
D. ExcessiveUV exposurecausesskin damage. UV-C is harmful to humansbut is
usedas a germicide.

² The CIE originally dividedUVA and UVB at 315nm, later somephoto-dermatologists
divided it at 320nm.

² UVA is subdivided into UVA1 and UVA2 for DNA altering e®ectsat 340nm.

² The sun produces a wide range of frequenciesincluding all the ultraviolet light,
however, UVB is partially ¯ltered by the ozonelayer and UVC is totally ¯ltered out
by the earth's atmosphere.

² A bumblebee can see light in the UVA range which helps them identify certain
°owers.

EmissionandAbsorption
² As EMR passesthrough elements,certain wavelengthbandsget absorbed and some

new onesget emitted. This absorption and emissionproducescharacteristic spectral
lines for eachelementwhich are useful in determining the makeup of distant stars.
Theselines are usedto prove the red-shift amount of distant stars.

² When a photon hits an atom it may be absorbed if the energy is just right. The
energylevelof the electronis raised{ essentiallyholding the radiation. A newphoton
of speci¯c wavelengthis createdwhen the energyis released.The jump in energyis
a discretestep and many possiblelevelsof energyexist in an atom.

² Johann Balmer created this formula de¯ning the photon emissionwavelength (¸ );
wherem is the initial electron energylevel and n is the ¯nal electron energylevel:

¸ = 364:56nm
³

m2

m2 ¡ n2

´

² Much of the interstellar matter is madeof the simplestatom hydrogen. The hydrogen
visible-spectrum emissionand absorption lines are shown below:

H ® H ¯ H ° H ±H ²
H ³

H ´

H µ

Emissionline

Absorption line
Balmer seriesname

P
ow

er

Frequency

White Hot
Red Hot

Hot
CMB

² Max Planck determined the relationship between
the temperatureof an object and its radiation pro-
¯le; where R¸ is the radiation power, ¸ is the
wavelength,T is the temperature:

R¸ = 37418

¸ 5²

³
14388

¸T
¡ 1

´

Television
² Televisionis transmitted in the VHF and UHF ranges(30MHz - 3GHz).

² TV channelstransmitted over the air are shown as TV .

² TV channelstransmitted through cable(CATV) are shown as TV . CATV channels
starting with \T-" are channelsfed back to the cableTV station (like newsfeeds).

² Air and cable TV stations are broadcastwith the separate video, colour, and audio
frequencycarriers grouped together in a channelband as follows:

6MHz

3 3 3

1.25MHz 3.58MHz
4.5MHz

Video Colour Audio

² Satellite channelsbroadcastin the C-Band are depictedas TV . Thesestations are
broadcast in alternating polarities (Ex. Ch 1 is vertical and 2 is horizontal and vice
versaon neighbouring satellites).

² The 15.7 kHz horizontal sweepsignalproducedby a TV can be heard by someyoung
people. This common contaminant signal to VLF spectra listening is depicted as

.

RadioBands
² The radio spectrum (ELF to EHF) is populated by many more items than can be

shown on this chart, only a small sampling of bands used around the world have
beenshown.

² Communicationusing EMR is done using either:

{ Amplitude Modulation (AM)

OR

{ FrequencyModulation (FM)

² Each country has its own rules and regulations for allotting bands in this region.
For more information, look up the radio communicationsauthority in your area (Ex.
FCC in the US, DOC in Canada).

² Not all referencesagreeon the ULF band range, the HAARP range is usedhere.

² RAdio DetectingAnd Ranging(RADAR) usesEMR in the microwaverangeto detect
the distanceand speedof objects.

² Citizens Band Radio (CB) contains 40 stations between26.965-27.405MHz.

² Schumannresonanceis producedin the cavity betweenthe Earth and the ionosphere.
The resonantpeaksare depictedas S

² Hydrogengasemits radio band EMR at 21cm H

² Someindividual frequenciesare representedas icons:

xxHz Submarine communications

Time and frequencystandards

xxm Ham radio and international meter bands

Miscellaneousshort wave radio

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

Sound
² Although sound wavesare not electromagneticthey are included on

this chart as a referencein frequency only. All other properties of
electromagneticwavesare di®erentfrom soundwaves.

² Sound wavesare causedby an oscillating compressionof molecules.
Soundcannot travel in a vacuum such as outer space.

² The speedof soundin air is 1240kph(770mph).

² Humanscan only hear soundbetween¼20Hz to ¼20kHz.

² Infrasound(below 20Hz) can be sensedby internal organsand touch.
Frequenciesin the 0.2Hzrangeare often the causeof motion sickness.

² Bats can hear soundup to ¼50kHz.

² The 88 piano keys of the Equal Temperament scale are accurately
located on the frequencychart.

² Over the agespeoplehavestriven to divide the continuousaudio fre-
quencyspectrum into individual musicalnotes that haveharmonious
relationships. Microtonal musiciansstudy various scales.One recent
count lists 4700 di®erentmusical scales.

² Middle C is depictedon the chart as C

Speaker

Ear

This image depicts air
being compressed as
soundwavesin a tube
from a speaker and
then travelling through
the tube towards the
ear.

Gravity Waves
² Gravity is the mysteriousforce that holds large objects together and

binds our planets,stars and galaxiestogether. Many peoplehaveun-
successfullytheorized about the details of gravity and its relationship
to other forces. There havebeenno links betweengravity wavesand
electromagneticradiation.

² Gravity is theorized to warp spaceand time. In fact, gravity is re-
sponsiblefor bendinglight asobservedby the gravity-lensexampleof
distant galaxies.

² \Gravit y waves"would appear asripplesin space-timeformedby large
objects moving through spacethat might possiblybe detectedin the
future by very sensitiveinstruments.

² The speedthat gravity propagatesthrough spacehasbeentheorized
to be the sameas the speedof light.

Brain Waves
² By connecting electrodes from the human head to an electroen-

cephalograph(EEG), it is possibleto measurevery small cyclic elec-
trical signals.

² There has been much study on this topic, but like all e®ectson
humans,the scienceis not as exact as the scienceof materials.

² Generally, lower brain wavefrequenciesrelate to sleep,and the higher
frequenciesrelate to alertness.

² Deviceshave been made for measuringand stimulating brain waves
to achievea desiredstate.

ElectromagneticRadiation(EMR)
² EMR is emitted in discrete units called photons but has properties

of wavesas seenby the imagesbelow. EMR can be created by the
oscillation or accelerationof electricalcharge or magnetic ¯eld. EMR
travels through spaceat the speedof light (2.997 924 58 £ 108 m=s).
EMR consistsof an oscillating electricaland magnetic ¯eld which are
at right anglesto eachotherand spacedat a particular wavelength.
There is somecontroversyabout the phaserelationshipbetweenthe
electrical and magnetic ¯elds of EMR, one of the theoretical repre-
sentationsis shown here:

+E

-E

+B

-B

Source

Space

E = Electric Field Strength
B = Magnetic Field Strength
Wave Nature

Source

Space

Particle Nature

² The particle nature of EMR is exhibited when a solar cell emits indi-
vidual electronswhen struck with very dim light.

² The wave nature of EMR is demonstratedby the famousdouble slit
experiment that shows cancellingand addition of waves.

² Much of the EMR properties are basedon theories sincewe can only
seethe e®ectsof EMR and not the actual photon or wave itself.

² Albert Einstein theorized that the speed of light is the fastest that
anything can travel. So far he has not beenproven wrong.

² EMR can have its wavelength changedif the source is recedingor
approaching as in the red-shift exampleof distant galaxiesand stars
that are moving away from us at very high speeds. The emitted
spectral light from these receding bodies appears more red than it
would be if the object was not moving away from us.

² We only havefull electroniccontrol over frequenciesin the microwave
range and lower. Higher frequenciesmust be created by waiting for
the energyto be releasedfrom elementsas photons. We can either
pump energyinto the elements(ex. heating a rock with visibleEMR
and letting it releaseinfrared EMR) or let it naturally escape (ex.
uranium decay).

² We canonly seethe visiblespectrum. All other bandsof the spectrum
are depictedas hatched colours .

Systµeme International d'unit ¶e pre¯xes (SI unit pre¯xes)
Symbol Name Exp. Multiplier

Y yotta 1024 1,000,000,000,000,000,000,000,000
Z zetta 1021 1,000,000,000,000,000,000,000
E exa 1018 1,000,000,000,000,000,000
P peta 1015 1,000,000,000,000,000
T tera 1012 1,000,000,000,000
G giga 109 1,000,000,000
M mega 106 1,000,000
k kilo 103 1,000

100 1
m milli 10¡ 3 0.001
¹ micro 10¡ 6 0.000 001
n nano 10¡ 9 0.000 000 001
p pico 10¡ 12 0.000 000 000 001
f femto 10¡ 15 0.000 000 000 000 001
a atto 10¡ 18 0.000 000 000 000 000 001
z zepto 10¡ 21 0.000 000 000 000 000 000 001
y yocto 10¡ 24 0.000 000 000 000 000 000 000 001

Measurements on this chart
Symbol Name Value

c Speedof Light 2.997 924 58 £ 108 m=s
h Planck's Constant 6.626 1 £ 10¡ 34 J ¢s
¹h Planck's Constant (freq) 1.054 592 £ 10¡ 34 J ¢s
f Frequency(cycles/ second) Hz
¸ Wavelength(meters) m
E Energy(Joules) J

Conversions
E = h ¢f
¸ = c

f
1ºA = 0.1nm

1nm = 10ºA
1Joule = 6.24 £ 1018 eV

GammaRays
² Gammaradiation is the highest energyradiation (up to ¼ 1020 eV)

that has beenmeasured.At this energy, the radiation could be from
gamma-rays, protons, electrons,or somethingelse.

² Alpha, beta, and delta radiation are not electromagneticbut are ac-
tually parts of the atom being releasedfrom a radioactive atom. In
some casesthis can causegamma radiation. These are not to be
confusedwith brain wavesof similar names.

VisibleSpectrum
² The range of EMR visible to humans is also called \Light". The

visible spectrum also closelyresemblesthe rangeof EMR that ¯lters
through our atmospherefrom the sun.

² Other creatures see di®erent ranges of visible light, for example
bumble-beescan seeultraviolet light and dogs have a di®erent re-
sponseto colours than do humans.

² The sky is blue becauseour atmospherescatterslight and the shorter
wavelengthblue gets scattered the most. It appears that the entire
sky is illuminated by a blue light but in fact that light is scatteredfrom
the sun. The longer wavelengthslike red and orange move straight
through the atmospherewhich makesthe sun look like a bright white
ball containing all the coloursof the visible spectrum.

² Interestingly, the visible spectrum coversapproximately one octave.

² Astronomers use ¯lters to capture speci¯c wavelengthsand reject
unwanted wavelengths,the major astronomical (visual) ¯lter bands
are depictedas X

Infrared Radiation
² Infrared radiation (IR) is sensedby humansas heat and is below the

rangeof humanvision. Humans(and anything at room temperature)
are emitters of IR.

² IR remote control signalsare invisible to the human eye but can be
detectedby most camcorders.

² Night vision scopes/gogglesusea special camerathat sensesIR and
converts the image to visible light. SomeIR camerasemploy an IR
lamp to help illuminate the view.

² IR LASERsare usedfor burning objects.

² A demonstrationof IR is to hold a metal bowl in front of your face.
The IR emitted by your body will be re°ected backusingthe parabolic
shape of the bowl and you will feel the heat.

LASER
² LASERis an acronymfor Light Ampli¯cation by Stimulated Emission

of Radiation.

² A LASER is a device that produces monochromatic EMR of high
intensity.

² With proper equipment, any EMR can be made to operate like a
LASER. For example,microwavesare usedto create a MASER.

Polarization
² As a photon (light particle) travelsthrough space,its axisof electrical

and magnetic °uctuations does not rotate. Therefore, each photon
has a ¯xed linear polarity of somewherebetween 0± to 360± . Light
can also be circularly and elliptically polarized.

² Somecrystalscan causethe photon to rotate its polarization.

² Receiversthat expect polarized photons will not acceptphotons that
are in other polarities. (ex. satellite dish receivershave horizontal
and vertical polarity positions).

² A polarized ¯lter (like PolaroidTM sunglasses)can be usedto demon-
strate polarized light. One ¯lter will only let photons that have one
polarity through. Two overlapping¯lters at right angleswill almost
totally block the light that exits, however, a third ¯lter inserted be-
tween the ¯rst two at a 45±angle will rotate the polarized light and
allow somelight to come out the end of all three ¯lters.

² Light that re°ects o®an electrical insulator becomespolarized. Con-
ductive re°ectors do not polarize light.

² Perhapsthe most reliably polarized light is a rainbow.

² Moonlight is also slightly polarized. You can test this by viewing the
moonlight through a PolaroidTM sunglasslens, then rotate that lens,
the moonlight will dim and brighten slightly.

Refraction
² Refractionof EMR is dependenton wavelengthascan be seenby the

prism examplebelow.

By usinga glassprism, white light
can be spread by refraction into a
spectrum of its compositecolours.
All wavelengthsof EMR canbe re-
fracted by using the proper mate-
rials.

Source

Focal point
Convex lenses make objects ap-
pear closerand are usedto correct
far-sitedness.

Source

Concavelensesmake objects ap-
pear farther away and are usedto
correct near-sitedness.
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Heavy objects like densegalaxies
and large planets cause light to
bend due to gravitational lensing.

Re°ection
² Re°ection of EMR is dependenton wavelengthasdemonstratedwhen

visible light and radio wavesbounce o® objects that X-Rays would
passthrough. Microwaves,which havea large wavelengthcompared
to visible light, will bounce o® metal mesh in a microwave oven
whereasvisible light will passthrough.

Source
µi µr

Re°ector

EMR of any wavelengthcanbe re-
°ected, however,the re°ectivity of
a material depends on many fac-
tors including the wavelength of
the incident beam.

The angle of incidence (µi ) and
angle of re°ection (µr ) are the
same.
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