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e The range of EMR visible to humans is called “Light". The visible spectrum also closely resembles the range of
EMR that filters through our atmosphere from the Sun.
e Other creatures see different ranges of visible light; for example bumble-bees can see ultraviolet light and dogs have
a different response to colors than do humans.
e The sky is blue because our atmosphere scatters light and the shorter wavelength blue gets scattered the most. It
N appears that the entire sky is illuminated by a blue light but in fact that light is scattered from the Sun. The longer
E f wavelengths like red and orange move straight through the atmosphere which makes the Sun look like a bright
4 white ball containing all the colors of the visible spectrum.
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Ve te 90,0,0,0,%, 0000000‘0.:’:,:.:0:000.1':.:,:,:.:.:o‘q'o':.:,? :o:o’o'o‘oo:.:,:,:.:o‘o‘0.¢.0'¢‘0.¢,‘¢ NN SOOCICHININ 0
500 mHz U R S OOKAIONNI N L oV 500 mHz 10 1
B ey e WYY Z20mHz  673Mm  L9ofe m | milli | 10 | Thousandth | 0.001
f:;;gg::;ﬁ::::::;f:ﬁ::iI:I»Ii*:in‘:‘:':‘o’-""""""’ e m — 052 Mm 1.38feV 354 mHz 8 — ..,’,'.‘...0.'.,:,:,:.:.:.:.;.:-j:;:,:,zij.:.g;;:j:::ﬁ:ﬁ:ﬁ:ﬁ:::z:::'j n micro | 107 Millionth 0.000 001
250 mHz 1.13Gm 1.16feV 207 mHz OaORRRR ORI SO = ——— 550 mHz n nano | 10° Billionth | 0.000 000 001
o IO SOOI 1.35Gm 9762eV P pico | 1072 | Trillionth | 0.000 000 000 001
::I:I';;I;::::::::’:;;2;1;1:.;.;.;.;.:»2fI’ifnf.f.t.f.&tof'fnnﬁ“‘*""' “““““ N E 177 mHz 1.60Gm g A BBOO000000008 f femto | 107'% | Quadrillionth | 0.000 000 000 000 001
"I;::E;E:;:Ej:I;Z;I:I;Z;I:I;:y&??I~I'I°f'1‘1‘~'~‘~'°"" ———— a atto | 10*® | Quintillionth | 0.000 000 000 000 000 001
z zepto | 102! | Sextillionth | 0.000 000 000 000 000 000 001
2152V Ocean y yocto | 1072* | Septillionth | 0.000 000 000 000 000 000 000 001
waves
Measurements on this chart Formulas
Y Symbol Name Value E=h-f
173 ae -
H c Speed of Light 2.997 924 58 x10%® ms~! A= €
— ‘ . 1 V 26.3 mHz 10.8 Gm 122aeV 31.2mHz P h Planck’s Constant 6.626 1 x1073* J.s f
) I . \ _:
O Sizes of [y /—/86‘3—36\//221 mHz 12.8Gm KL h Planck’s Constant (freq) 1.054 592 x1073* J.s f= %
of EMR EMR o 15.26Gm ' m Wavelength waves f Frequency (cycles / second) Hz A
A Wavelength (meters) m 1 0.1:1m
1 ) .. N ( - - N [ - A E Energy (Joules) J (6.24 x10"® eV) 1nm = 10A
Electromagnetic Radiation (EMR) Polarization Refraction \ )
. . . . . \ \
e EMR is emitted in discrete units called photons but has properties of i 3 \ ) i i ( : N ( L )
ed p S prop . . EMR W|Illtravel throggh space T ‘ AR 77 . Refrac_tlon, or bending of Reflection Infrared Radiation (lR)
waves. EMR can be created by the oscillation or acceleration of electrical linearly with no rotation, or el- ! [ /{ EMR, is dependent on wave-
charge or magnetic field. EMR travels through space at the speed of light liptically or circularly where its \ e r\\ P length. All wavelengths of _ e Reflection of EMR is dependent on wave- | | ® IR is sensed by humans as heat and is below the range of human
(C = 299792458 X 108 m S_1 ) EMR consists of an osci||ating electrical axis of electrical and magnetic ) | EMR can be refracted by |ength as demonstrated when visible ||ght vision. All creatures emit IR, and snakes can detect it.
and magnetic field at right angles to each other and spaced at a particular fluctuations are rotated. The Linear Elliptical Circular using the proper materials. and radio waves bounce off objects that | | ¢ |R remote control signals are invisible to the human eye but can
wavelength. electrical field is shown here: White light can be spread by X-Rays would pass through. Microwaves, be detected by some electronic cameras.
e Some crystals cause the photon to rotate its polarization. refraction into a spectrum of which have a large wavelength compared . .
. . . . its composite colors with a Glass prism to visible light, will bounce off metal| |*® » ™ Night vision scopes/gog-
e Receivers that expect polarized photons will not accept photons that are in other lass pris mesh in a microwave oven whereas vis- ' gles use a special camera
S%r polarities. (ex. satellite dish receivers have horizontal and vertical polarity positions). & prism. . . . ; that senses IR and con-
Qe _ e Convex and concave ible light will pass through. h he i isibl
e Polarized filters (like Polaroid™ sunglasses) can be used to lenses  make  obiects S | _ verts the image to visible
N demonstrate polarized light. One filter will only let photons aobear closer and fu:ther ource 0, : 0, v light. Some IR cameras
e ™ that have one polarity through. Two overlapping filters at - aﬁz are used to cor i .empIF)y an IR Iamp to help
right angles will almost completely block the light that exits. far-sighted d I NASA/IPAC  illuminate the view.
The Dirac three polarizers experiment shows that a third filter .' rect .ar}—:gd tedness an Convex Concave e A demonstration' of IR is to hold a m.etal bowl in front of your
) inserted between the first two at 45° allows some light to come near-sightedness. - Reflector face. The IR emitted by your body will be reflected back using
Wave Nature Particle Nature out the end of all three filters. e Heavy objects like dense o e ; ) EMR of et be reflected the parabolic shape of the bowl and you will feel the heat.
e The particle nature is exhibited when a dimly lit sol Il emits individual i ical i i i galaxies, stars, and large . ' 1 * o any wave eng.t. can pere ecte. | IR LASER d f i ial
p y lit solar cell emits individua e Reflections from an electrical insulator are polarized. Conductive reflectors do not planets cause light to bend T N however, the reflectivity of a material | |*® s are used for cutting material.
te}llecttrc}:ns. The we:;/et.naturedls jzr:onstrfated by the double slit experiment polarize EMR. due to gravitational lensing e T e depends on many factors including the | | e Fiber-optic based infrared communication signals are sometimes
at shows cancellation and addition of waves. . . . . L . i . . . . . -
e Light from a rainbow is polarized due to the reflection inside the water droplets. as seen here in galaxy clus- e ‘ M wavelength of the incident beam. amplified with Erbium-Doped Fiber Amplifiers Fm
The wavelength of EMR is changed when the source is receding or ap- S . . . . Sl ” o e
* vﬁ.v Rgd hift kl hich & év di tu Id | ne P e Moonlight is slightly polarized. Rotating a polarized sunglass lens causes the moon- ter Abell 2218: 2 e » e The angle of incidence (0;) and angle of | { J
proaching. Red-shift makes high-speed receding stars and galaxies appear lich di d brich izt i - reflection (6,) are the same.
ight to dim and brighten slightly. -
| more red. )L IR )L ) ( (© unihedron.com 20190805 J




