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Electromagnetic Radiation (EMR)
e EMR is emitted in discrete units called photons but has properties
ooHz of waves as seen by the images below. EMR can be created by the
AR RAARAROOOOO000ONRIRTKRNNINN I'I:Z;I::;:::I:IEI; o % - N oscillation or acceleration of electrical charge or magnetic field. EMR
, AOOO000K ST ONNINNN I:I}j:::::Z:I:IEI:I;:::::I:I:I‘:‘:’:::Z:I:I:I'I’:’:'5‘:’:"""""""" - o How to read this chart travels through space at the speed of light (2.997 924 58 x10% m/s).
GAMMA RAYS R — 8 EHz 51.6 pm 25.5 keV 6.52 EHz - 1 00O ~.'.'.‘.’.‘o"I~I"Z'I'I'.‘o‘{'}I'I':':’:::I:I:I:I::::::EIEZE:E:E:I::::::.:.:::E:I:‘:':‘ e This chart is organized in octaves (frequency doubling/halving) starting at 1Hz and EMR consists of an oscillating electrical and magnetic field which are
461 EHz 61.4 pm 21.4 ke . I i 'x‘,.‘o,’,‘...,.,:,:.:.:.;.::::::I:I:I;: Gamma Ray;:::::::;.;.;.;.;.;.;.'.,.,.‘:,...... SSeteegeitetetatetelale e — going higher (2,4,8, etc) and lower (1/2, 1/4, etc). The octave is a natural way to at ngh?c angles to each other and spaced at a pa.rtlcullar wavelength.
' . . DO R L R RO R AN BEROIINRIN k v 3.88 EHz 73.0 pm 18.0 ke represent frequency. There is some controversy about the phase relationship between the
,:.;.:.;:;:::::I:.:.::;:[:::Z:Z IR0 R NSO OORRANN NI > ‘.__0_1nm keV 3.26 EHz 86.8 pm 15.1 ke ORIARABSOOO00ARRIRRRRRRRY . . ) R electrical and magnetic fields of EMR, one of the theoretical repre-
e 23 ‘ . 2.74 EHz 12.7 ke - OOROOROOOODOOIRIIN I‘I'.i.'.tojoi'f':ﬁ:‘:::::::I:Z:IEIEIEZE:E:Z:I:I::::::::::’:Z:I:I::::::':':':':i':""”"""" * Frequency increases on the vertical scale in the upward direction. sentations is shown here:
2.31 EHz P ] ~AOOOO0DRRIRITD ,’.‘:.:,:,:,:,:.:.;:::;:::Z:Z:I;E:E;:jg.:;.i'Z‘..:‘.:’Z’I‘I‘I,;,;.:oZii'.'.’.'u,o,». SO0 N NS EHz 146 pm 9.00 keV 2.31 EHz e The horizontal bars wrap around from far right to far left as the frequency increases .
5 :.:.:.::::::::::::.::j:::::::::::.:.:.:.:.:.:o,o.«.o,:.o,o.n aleteetitetsts . ' - 63 EN 174 pm 7.57 keV 1. oA R AR RAOOOO) upwards. g
KX o w - . € : NOOCKEEESES00 ‘,‘.‘.‘0'0'*"":':':':’:’:"":’:’:':':’:":':‘:’:':’:":’:’:' . .. . . ..
5.35 keV 1.37 EHz 206 pm O R R R AR BB ORI e There is no limit to either end of this chart, however, due to limited space, only the
1.15 EHz B ottt oataratee st oo soirseses, Hard Ry e ittt 960 PHz 202 pm 4.50 keV 1.15 EHz “known" items have been shown here. A frequency of OHz is the lowest possible
IR :;f;:::::::::Z:I:Ij.:o:oii':'?:‘.'-‘o"l*:‘?:‘o'o"“'"" bttt 8 V 815 PHz 347 pm 3.78 keV 1 A BOOO00RIRRT frequency but the method of depicting octaves used here does not allow for ever S%rc
bttt s 568 keV 686 PHz 413 pm 3.18 ke OGO :.;.;...’.g.'.;.;.;.;.;»:4;Z;:;Z:Z;I:::::EZ;I;I;I: I;Z::::I;.;.:.;I::::Zi'I’I‘Z’:':‘: B reaching OHz, only approaching it. Also, by the definition of frequency (Cycles per >
576 PHz ' — .N.":‘:‘:‘:i‘.":.:':‘:‘:.:‘:::::Z:::::f;:;:E:E:EZE:E:E;E;E;E;:::::Z;E;E;E;::::;Z;Z,I.Z;I;.;.:.;.:.}:.Z......uo. ~ ¢ 254 om 525 keV second), there is no such thing as negative frequency. ™
. i i —— 59 keV 408 PHz 694 pm 1.89 keV OIS TR0 e Values on the chart have been labelled with the following colours: meas- < “'e
X-RAYS ' ‘ 343 PHz 826 pm . OO IIITBOEO ORI x ::::::I'iI*:’:’:I:I:I::::::::Z:I:wu ured in Hertz, [Wavelength| measured in meters, measured in electronVolts.
288 ' BOOCKERRXRBBOORS ',’0.0’0.""’:’:’:‘:."‘.”’:‘:‘:’:.0.“'.‘:’:’:.0.‘"”:’:’:‘:‘0."’ ‘w ki \V
DOCKEEBB OO0 ‘.'0‘0'0""“":':':’4 """:’:’:'0'0"":':’.:':'0’0.‘.‘:’:':'0’0'*""’“"’ e teinimimin i 1.17 nm 1.13 ke ~ o
o O KRR ORIANINS J25% 046 eV S
eestieaeintes pASSBOOOONANS i 796 eV 204 PHz 1.39 nm v ...Ao,o.x*.;.‘.,«,o,o,o.o.:.:.:.:{{'I:i;::::::{{{::;:;:;.: e . . 3 E = Electric Field Strength
669 eV 171 PHz aonooo R RIAAIEOOCC OO Ultraviolet Light B = Magnetic Field Strength Particle Nature
144 PHZ 196 nm 0.0,9,%.%%" ”‘""""0'*" SOft XRay "“"0‘0.*"”."':‘0.0.”’."“. AASZRFFA ) g 63 V 144 PHZ & &
coboo iR 00000003RRIRIRE et i i ' ' 773 oV 2.33 nm 505 e e Ultraviolet light is beyond the range of human vision. Wave Nature
.‘..o.:,:.:.:::::::..‘.: .:0:::: .:o:.:.:o::::,:.:.:.:o:.:.‘o A i nm S OOOEESBEIOSORRRRNNN - . ) . ) )
RXNANAABE bl eV . A R ROOO00ONQODEIES Yoy .:::::’I:I:.:.::::::[:I:.:.:.:o}:{{*.'.*.‘.‘.'.I»}.'.'.'.'.‘»“ e Physicists haye divided ultraviolet I|ght ranges into Va?uum UItra'vloIet (VUV), Ex- e The particle nature of EMR is exhibited when a solar cell emits indi-
72.1 PHz 3.93 nm R OO N MR mi———— treme Ultraviolet (EUV), Far Ultraviolet (FUV), Medium Ultraviolet (MUV), and . . N
: g . 585585 B3t SO AN AN . vidual electrons when struck with very dim light.
OO R RIS 737 oV Near Ultraviolet (NUV).
B3 B R R R R BB OONHRN _ . i RABTTTRR . . , __ Th t f EMR is d trated by the f double slit
el . ———— . | BT ITRRRRNAINN g XABBO e UV-A, UV-B and UV-C were introduced in the 1930's by the Commission Interna- ¢ 'hewave nature o 1S AEMONSLrAtec Dy the ramous double st
c = 167 eV : | | . BBOORK BESEH . e r . A L . experiment that shows cancelling and addition of waves.
= 36.0 PHz = i ; tionale de I'Eclairage (CIE, International Commission on Illumination) for photobio-
= l = : 118 oV logical spectral bands. e Much of the EMR properties are based on theories since we can only
9 2 09.4 eV | 1 : . . . see the effects of EMR and not the actual photon or wave itself.
l = : - 1 ! : : e Short-term UV-A exposure causes sun-tanning which helps to protect against sun- . _ ' ' '
18.0 PHz 15.7 nm E | : | i .'] 70:;, eV 18.0 PHz burn. Exposure to UV-B is beneficial to humans by helping the skin produce vitamin e Albert Einstein theorized that the speed of light is the fastest that
| ;" ; IPH 22 2Inm 59.1 eV 15.1 PHz 18'| . | D. Excessive UV exposure causes skin damage. UV-C is harmful to humans but is anything can travel. So far he has not been proven wrong.
. Z . ..
@E — i - 49.7 eV 12'7| | ! r . used as a germicide. e EMR can have its wavelength changed if the source is receding or
>| W | 9.01PHz 31.4 nm g3 l EUV (Extreme Ultraviolet) i ‘ 4 35.I2 eV 9.01 PHz e The CIE originally divided UVA and UVB at 315nm, later some photo-dermatologists approaching as in the red-shift example of distant galaxies and stars
g (_DI . = | L o v 4Inm 29.6 eV 7.57 PHz 37.4 nm | divided it at 320nm. that are moving away from us at very high speeds. The emitted
! o - : | . . . .
= ' v 6.37 PHz | ‘ : N : tral light from th ding bod d than it
= L L A I ! ! ' . e UVA is subdivided into UVA1 and UVA2 for DNA altering effects at 340nm. Spectral fight Irom these receding bodies appears more re ant
< | 450PHz 62.8 nm By ! » ! ' | L 750 PHz would be if the object was not moving away from us.
= 24 ' I ‘N ¢ ! i . ' PH 74.7 nm 17.6 eV : e The sun produces a wide range of frequencies including all the ultraviolet light, . . .
= — = ! 14.8 eV 3.79 PHz : . . . . . e We only have full electronic control over frequencies in the microwave
S . X S 3.18 PHz 88.9 nm : i however, UVB is partially filtered by the ozone layer and UVC is totally filtered out . . -
S = . 2 I ! ‘ \ range and lower. Higher frequencies must be created by waiting for
= — | ! X ! ) by the earth’s atmosphere. -
FUV 2.25 PHz 126 nm L ) ; i T 5.05 PHz . ) . . _ . the energy to be released from elements as photons. We can either
g 1 ] ) =39 oV 1.89 PHz 149 nm 8.79 e : e A bumblebee can see light in the UVA range which helps them identify certain pump energy into the elements (ex. heating a rock with visible EMR
3 | 6.22 eV 1.59 PHz 178|nm 340;1"" 320 315nm \/!B 2I80nm L flowers. ) and letting it release infrared EMR) or let it naturally escape (ex.
S [MUV| — IS | UV-A » U - : - uranium decay).
S 113PHz UV-Al 399 nm 439 eV 113 PhRz \ -
o |NUV E [ d Ab : e We can only see the visible spectrum. All other bands of the spectrum
o — mission an sorptlon .
< . — —— 233 nm are depicted as hatched colours SRRRRN.
VISIBLE H — . 669 THz Ty o As EMR passes through elements, certain wavelength bands get absorbed and some \ J
563 ‘ I “ 563 z new ones get emitted. This absorption and emission produces characteristic spectral p .
} lines for each element which are useful in determining the makeup of distant stars. Systéme International d’unité prefixes (S| unit prefixes)
1TH 1.01 um 1.31 eV 335 THz 845 nm : | I ' m . . = These lines are used to prove the red-shift amount of distant stars. Symbol | Name | Exp. Multiplier
z : z . . . .. .
28 I ! I 1.10 eV 28 e When a photon hits an atom it may be absorbed if the energy is just right. The Y yotta | 10* 1,000,000,000,000,000,000,000,000
m . ! ! energy level of the electron is raised — essentially holding the radiation. A new photon Z zetta | 10% 1,000,000,000,000,000,000,000
2.01 um 653 meV 167 THz | I ! ! g of specific wavelength is created when the energy is released. The jump in energy is E exa 108 1,000,000,000,000,000,000
141 THz O , ! ‘ ‘ ' 549 meV 141 THz a discrete step and many possible levels of energy exist in an atom. [ peta | 10% 1,000,000,000,000,000
99.5 THz ) e Johann Balmer created this formula defining the photon emission wavelength (\); T tera 10;2 1,000,000,000,000
327 meV : | I ! where m is the initial electron energy level and n is the final electron energy level: € giga 10 1,000,000,000
70.4 THz Thermal Infrared 2 M mega | 10° 1,000,000
| A = 364.56nm (77”2 = n2) k kilo | 10* | 1,000
: . ; 10° 1
e Much of the interstellar matter is made of the simplest atom hydrogen. The hydrogen
INFRARED i o 0 e SmP yeroe yeree m | mili |10 | 0.001
visible-spectrum emission and absorption lines are shown below: . 6
v micro | 10 0.000 001
Emission line—_,, | o Hy n nano | 10~° | 0.000 000 001
| S — p pico 10~ | 0.000 000 000 001
ion li H, _ H H, H;H. H ~15
| Absorption line “\_ Balmer series name 8 ¥ g %y 0 f femto 10_18 0.000 000 000 000 001
12.4 THz ¢ a atto | 10 0.000 000 000 000 000 001
40.8 meV ' | | ' z zepto | 107> | 0.000 000 000 000 000 000 001
g Far Infrared THz y yocto | 1072* | 0.000 000 000 000 000 000 000 001
White Hot e Max Planck determined the relationship between Measurements on this chart
o 1te Ho the temperature of an object and its radiation pro-
THz s : P . Ject @ np Symbol Name Value
IN L \ Red Hot file; where Ry is the radiation power, X is the ) s
= °—\Hot wavelength, T is the temperature: ¢ Speed of Light 2.997 924 58 f%g m/s
© T — CMB 37418 h Planck’s Constant 6.626 1 x10 J-s
° THz R = 14388 I Planck's Constant (freq) 1.054 592 x1073* J-s
< Wavelength s (57— 1
2., Aoe s Frequency (cycles / second) Hz
£ & A Wavelength (meters) m
Ep THz g E Energy (Joules) J
9] . . . .
22 Cosmic Microwave Background Radiation o _
EA R ) ormulas Conversions
8 = 600 GHz e CMB radiation is the leftover heat from the hot early universe, E=nh-f A
s 612 GHz CMB which last scattered about 400,000 years after the Big Bang. p— % 11 = gogjm
nm =
E’; 1 oee o 152 meV | : l ! e CMB pe&meates the entire universe at a temperature of 2.725 f= % 1Joule = 6.24 %108 eV
. - | { + 0.001K.
3 o) _T_ 575 GHz 1.03 mm 1.28 meV | Water absorption 183GHz I } 575 GHz ] ) N <
DA - I = I | } : { { v 531 GHz < e CMB was predicted in the 1940’s by Ralph Alpher, George
= |5 | { ! i 194 GHz 1.46 mm 902 pe : 8.75GHz o Gamow and Robert Herman. ( )
2| ' eaGH; 173mm 759 heV | 0, absorption 118.75GH | S Gamma Rays
L-: E 137 GHz 2.06 mm 638 peV | ! ' o ! : | v 137 GHz Cﬂ' e Arno Penzias and Robert Wilson accidentally discovered CMB G diation is the high diati 20 gy
2| e : | e iband : ‘ i e GH, 24 mm 536 he i while working for Bell Telephone Laboratories in 1965. * Gamma radiation is the highest energy radiation (up to ~ 107 eV)
T z ) Microwave 570 CHz 501 mm 451 peV - 60GHz I . e ] ) that has been measured. At this energy, the radiation could be from
Tg E ‘ == 817 GHz 3.46 mm 379 peV o l | | o O+ absorption ‘ e The |nten5|2t%/ is m;}asured in Mega Jansky (Jy) per steradian. gamma-rays, protons, electrons, or something else.
= 4.12 mm ’ ] 885 L : % . i H 1Jy=10"""W/m*/Hz e .
*QEJ =] i (Ll I ' IQ band ! 46GHz Microwave V-band =78 GHz 4.90 mm 268 peV 68.7 GHz 5 > % 05 GHz v /m’/ e Alpha, beta, and delta radiation are not electromagnetic but are ac-
) icrowave Q-ban \ i \Y, . ’ >~ G = o . . . i i i
i T <>E 36GHz Micro 190 eV 48.6 GHz 5.82 mm 226 !IJe | | A6 )I > % > Close examination of slight CMB intensity tually parts of the atom being released f.ror.n a radioactive element.
T |& = 8.24 mm 160 peV 40.9 GHz 6.93 m_m — I ' 57.25GHz Microwave Ka-band (Kurtz Above s £ s variations in different parts of the sky help In some cases this can cause gamma radiation. These are not to be
i ! ) ¢ ) = g . i . . -
g — S) 34.4 GHz : - L \Water abSOVI’Pt'Orl : : } A 289I GHz 0.79 mm 134 peV 34.4 GHz § o cosmologists study the formation of galaxies. | confused with brain waves of similar names. )
s [& Ef) | 18GHz Microwave K-band (Kurtlz) : — 8| - = 3|GHz 11.6 mm 113 peV . | IU der) = WMAP photo by NASA
5] = i L 13.9 mm -0 He ' _ — - Y Ku-band (Kurtz Under \ /S N
% S| ,,cm 165mm 798 ueVd ) 20.4 iz , —_— TR o Yz liEErEe ( —o TacH _ |Visible Spectrum
= : -time standar . - arks the spot) @ vy T ' 19.6 mm : : el . . ) -
i Cs-133 9,192v631'770HZ Sltime S Microwave X-band .(X " - - 10 1‘GHZ 4 23 3Imm Y 14.4 GHz : I | Television e The range of EMR visible to humans is called “Light”. The visible
<= ‘ 1 5 . .
%D 249'5\“ 30.0 Iuev 10.2 GHz 27.7 mm 47.4I ueV | - <0) ! I ‘ 8GAHZ | e Terrestrial broadcast TV uses the VHF and UHF ranges (30MHz - 3GHz) _ spectrum also closely resembles the range of EMR that filters through
32.9 mm . | ! . _band (Compromise . i . R . . our atmosphere from the sun.
[} A l . : . ‘ M|crolwave Cban (. L 7 22' GHz 39.2 mm 33.5 peV 8.59 GHz e Satellite television is transmitted in the C-band (4 - 8 GHz) and Ku-band (12 - P . N _
Ug; ! : i 53.7 peV 6.07 GHz 46.6 mm 28.2 peV o I 4GHz ' | 18 GHz) a where one of many satellites is shown. To eliminate interference, the e Other creatures see dlfferelnt ranges of visible light; fo'r example
w t 9' 19.9 Iuev 5.11 GHz 55.4 mm ' Ill | ! ' : 04 06 l‘ﬂmm mm stations are broadcast in alternating polarities, for example, Ch 1 is vertical and Ch bumble-bees can see ultraviolet light and dogs have a different re-
~ i 4.29 GHz 65. |mm : CW-LAN ITFS 5 ‘ Microwave S-banld (! : 61I GH 73 mm 16.8 peV 4.29 GHz 2 is horizontal and vice versa on neighbouring satellites. sponse to colours than do humans.
T L . 7 /e Oven . : 3. z : i . .
Q2 A [ Cordless phone Microwave —— 3_O4IGHZ 93.2 mm 14.1 peV | ] ] e TV channels transmitted through cable (CATV) are shown as . CATYV channels e The sky is blue because our atmosphere scatters light and the short_er
9 i 3 ‘mm 9.97 peV 2.55 GHz 111 mm ) | » ‘ ’ starting with “T-" are channels fed back to the cable TV station (like news feeds). wavelength blue gets scattered the most. It appears that the entire
2.15 GHz ; ! : q _ : e o .15 GHz . . . . sky is illuminated by a blue light but in fact that light is scattered from
é)- ‘ I GPS ! , Sﬁ% H Microwave L L 3 : g e Air and cable analog TV stations are broadcast with the separate video, colour, and hy The | y | & hs like red and g ioh
2 ’ GPS W gFS)SL] L2 Mil : ' — 52 GHz : ' [ 1GHz' | audio frequency carriers grouped together in a channel band as follows: the sun. ¢ longer wavelengths fike red and orange move straight
55 i = 1.28 GHz 222 mm 5.93 peV - sramszemeroB0s128s | o = q Y group g : through the atmosphere which makes the sun look like a bright white
& 1.07 GHz 264 mm 4.98 peV 26 46 47 48 49 50 51 52 53 54 55 56 57 5 e S SEAIAAA 6MHz | ball containing all the colours of the visible spectrum.
T T o) (31 [32] (331 134 (351 (361 [37] 1381 391 [40 a1 42 43:4:5(\. 883 = I 3 . :—m—> A ; iai ;
© - . 7928 8029 813 sz i3] (64) [25) (861 167 681 891 190//91 92 83, 84 |8 |7 | |2 S 12 3. . 131 £191 1201 211 1221 1231 2% L <—m—’l e Interestingly, the visible spectrum covers approximately one octave.
= 6 77 T8 jous . 4 75 T f 1 . e .
% - Microwave FEEE (P2re‘\‘/é pe)V ' a1 690 110 T P i Video Colour Audio e Astronomers use filters to capture specific wavelengths and reject
LI]_ 537 MHz 527 mm 3 e 15.7 kHz horizontal sweep signal is a common contaminant to VLF listening B unwanted wavelengths. The major astronomical (visual) filter bands
T (5 e Digital compression methods are used for HDTV broadcasts in order to pack more are depicted as |4l
?, I channels into the same 6MHz bandwidth as analog TV. ~ 7
o
3 [z ~ a — \
5 , . |Infrared Radiation
= .
5] Radio Bands e Infrared radiation (IR) is sensed by humans as heat and is below the
t e The radio spectrum (ELF to EHF) is populated by many more items than can be range of human vision. Humans (and anything at room temperature)
%D shown on this chart. Only a small sampling of bands used around the world have are emitters of IR.
= (m) Baby| pm Ham Radio been shown. e |IR remote control signals are invisible to the human eye but can be
[0} mon.
> e Communication using EMR is done using either: detected by most camcorders.
N § — Amplitude Modulation (AM) {\AANV\AAAAMNW\AAAA[\ANWVVVV\WVVVW e Night vision s.copes/gog_gl_es use a special camera that senses IR and
T 5 converts the image to visible light. Some IR cameras employ an IR
?, i OR lamp to help illuminate the view.
o
§ e A demonstration of IR is to hold a metal bowl in front of your face.
= % e Each country has its own rules and regulations for allotting bands in this region. The IR emitted by your body will be reflected back using the parabolic
uq:) ° Refer to the authority in your area (Ex. FCC in the USA, DOC in Canada). shape of the bowl and you will feel the heat.
o . . . S .
.t:" § e Not all references agree on the ULF band range, the HAARP range is used here. e Fiber-optic based infrared communication signals are sometimes am-
= ) . . ) . o . _— . o
Ll | e e RAdio Detecting And Ranging (RADAR) uses EMR in the microwave range to detect L plified with Erbium-Doped Fiber Amplifiers Fﬂﬂ )
T 2 the distance and speed of objects.
)
T T e Citizens Band Radio (CB) contains 40 stations between 26.965 - 27.405MHz. (LASER )
> . . . .
h h he Earth h here. . . . . .
. —T; ‘[ﬁ A ABOODO00R ® Schumann resonance is prod_uced in the cavity between the Earth and the ionosphere e LASER is an acronym for Light Amplification by Stimulated Emission
> XCRPARN The resonant peaks are depicted as .
c <>E X_Band&—Beacn’ of Radiation.
o) . . .
1.7 4 H EMR at 21 . . . .
?',’ g ¢ Hydrogen gas emits radio band at cmA_ e A LASER is a device that produces monochromatic EMR of high
i o e Some individual frequencies are represented as icons: intensity.
— 1 L I MHZ . . .
g 9‘: : 382 kHz 321 m 4.09 neV 1.05 M Submarine communications Q Pager e With proper equipment, any EMR can be made to operate like a
D A - . LASER. F I i d t MASER.
§ o ! . v 623: kHz SOS s @ Time / frequency standards W Weather stations L S or example, microwaves are used to create a S )
2.43 ne = Beacon : ) _ _
E 52§kHZ 54m : 441 kH l\/lorsd 2.05 neV 524 kHz Ham / international meter bands Bz short wave radio . §
: Elhsh & — avigational Beaco 172 neV : . izati
= T | Marine a : 908 m ="1.45 neV 371 kHz 763 m i . ; (@RS General Mobile Radio Service Wireless Microphone Polarization
§ 26 ﬁ.|ﬂ?:km/122 neV 312 kHz | — ope and a . . =" Family Radio Service Cellular Phones e As a photon (light particle) travels through space, its axis of electrical
o : : \/ - -'220 kHz 1.28 km 1.02 neV SOS Distress signal, in Morse code: and magnetic fluctuations does not rotate. Therefore, each photon
- : L . . - ° o -
) Maritime Mobile P Cround Wave Emergency Networ 'Y 185 kHz 1.53 km 860 pe . YIS e — e e has a fixed linear polarity of somewhere between 0° to 360°. Light
§ 2.16 km 608 peV 156 kHz 1.82 km k e oy || | L ) can also be circularly and elliptically polarized.
31 kHz : i 2l - 1 kHz . .
S| ! ™~ ’/j y ORA avigar _/1_1?) kHz 2.57 km 512 peV = e Some crystals can cause the photon to rotate its polarization.
g @ Maritime Mobile 77.9 kHz 3.63 km 362 peV : @ _ Mobile Sound e Receivers that expect polarized photons will not accept photons that
-l o 65g kHz 4.32 km 304 peV ‘ | ..Marlme o 5 < Hz are in other polarities. (ex. satellite dish receivers have horizontal and
n g - H —/—/215_;3_6\//55-1 Tz 5.13 km 256 pe ' 2 e Although sound, ocean waves, and heartbeats are not electromag- vertical polarity positions).
= /a3 6.11 km i o . . . .
N o0 === okl 7.26 km 181 peV 46.3 kHz «ﬁﬁmﬂ" | g netic, they are included on t_h|s chart as a _frequency reference. Other e A polarized filter (like Polaroid™ sunglasses) can be used to demon-
T S 39.0 kHz ’ 1 = o_|oco—oe0000—00  ——— =i properties of electromagnetic waves are different from sound waves. larized light. One fil il only | R hat h
= S ~ kHz= dﬂ?"—' E—- : 128 peV 32.8 kHz ) S ' strate polarized light. One filter will only let photons that have one
R B = g 21,4k Ma12r2it'i3me Mobile 108 peV 27.6 kHz 10.3 km e Sound waves are caused by an oscillating compression of molecules. polarity through. Two overlapping filters at right angles will almost
? KH 14.5 km 90.4 peV 232 kHz 12.2 km mi" Sound cannot travel in a vacuum such as outer space. completely block the light that exits; however, a third filter inserted
[} 5 z o 4 . i . . o . . .
S 19 | “Mobile A e The speed of sound in air at sea level is 1240kph (770mph). between the f|rst. two at a 45° angle will rotate the pplarlzed light
o : — é kHz 20.5 km 64.0 peV : and allow some light to come out the end of all three filters.
L Radionavigation: 24.4 km 53.8 peV 13. e Humans can only hear sound between ~20Hz to ~20kHz. ) o i
2 Je— 20.0 km 45.2 peV 11.6 kHz : i e Light that reflects off an electrical insulator becomes polarized. Con-
9 345 km 38.0 peV 9.74 kHz . Infrasoun'd (.below 20Hz) can be sensed by internal organs and. touch. ductive reflectors do not polarize light.
2 e Lk 41.1 km 32.0 peV 8.19 kHz Frequencies in the 0.2Hz range are often the cause of motion sickness. ] ) ] ) ]
9 26.9 peV 6.89 kHz : e Perhaps the most reliably polarized light is a rainbow.
= 2.6 peV 5.79 kHz 48.8 km : e Bats can hear sound up to ~50kHz. . ) ) ) o
- 19.0 peV 4.87 kHz 58.1 km 2260p — ) e Moonlight is also slightly polarized. You can test this by viewing the
~ 4.10 kHz 69.1 km 1 520 km 16.0 peV 4.10 kHz — * |Thet8§ pla;:) I;eys of the th:aI Temperament scale are accurately moonlight through a Polaroid™sunglass lens, then rotate that lens,
- mw - T34 pev 3.44 kHz : — ocated on the frequency chart. the moonlight will dim and brighten slightly.
@ _/—/24'4”42/_116 km 11.3 peV 2.90 kHz ’ —| e Over the ages people have striven to divide the continuous audio fre- ~ J
I B . . - . . .
205 kHz 138 km 9.51 peV /ﬁ kHz ——— quency spectrum into individual musical notes that have harmonious P <
B r . _- -
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