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Ultraviolet Light (UV)

(.

[Visible Spectrum IR

e The range of EMR visible t i
: o humans is called “Light". The visi
EMR s (hers throaah oo A s thegsun. e visible spectrum also closely resembles the range of

P
How to read this chart
e This chart is organized in octav
es (frequency doubling/halving) starti i i
lower (1/2, 1/4, etc). The octave is a natural way to r/epreser;gt)fieztjle';iyat tHiz and going higher (248, etc) and

e Frequency increases in the upward direction. and

allow for ever reaching OHz, only approaching it.
no such thing as negative frequency.

e Values | : i
§ abels: in Hertz,|Wavelength| in meters, in electronVolts

wrap around from far right to far left.

e There is no limit to either i
end of this chart, how d imi
M i  however, due to limited space, only the “known" item
y z is the lowest possible frequency but the method of depicting octaves tjs:jv: beedn o
ere does not

Also, by the definition of frequency (Cycles per second), there is

(Gamma Rays

e Gamma radiation is the highest energy radiation

radlloa.ctlve element. In some cases this can cause
of similar names.

~ 1020
(up to = 10°” eV) that has been measured. At this energy, the

radiation co
uld be from gamma-rays, protons, electrons, or something else

L4 Ap 4, beta, a d de ta |ad|at|0 are not elect om I I 1 f e(l rom a
agl etic bUt are aCtua”
Yy pa ts of the ato belng eleas

gamma radiation. These are not to be confused with brain waves

J

. .UV IiIght is beyond the range of human vision
identify certain flowers. -

e Short-term UV-A exposure causes sun-tanning

harmful to humans but is used as a germicide.

A bumblebee can see light in the UVA range which helps them

which helps to protect against sunburn. Exposure to UV-B is

beneficial to h i i
umans by helping the skin produce vitamin D. Excessive UV exposure causes skin d UVv-C
n damage. -Cis

e The Sun produces a wide r
ange of wavelengths includin i
/ . g all the UV i i i
ozone layer and UVC is totally filtered out by the earth’s atmospherehght’ however, VB s partially fltered by the

N

Emission and Absorption

o AS EM { passes th ou elen t eleng a dS get abSOI bed a d some ne ones get en tted I 1S
gh | ents, ce tain wav | n th b
abso ptlo a d emissio |0d e 1 teristi pe t (S or e I ele tw eW € Ir dete nining the
p uces charac STIC spectra S acC e ch a useru

makeup of distant stars. These lines are used to

e Johann Balmer created this formula defining the

e Much of the interstellar matter is made of the s
and absorption lines are shown below:

wavel . : N
" v bength ()\)f where.m is the initial electron energy level integer A\ =
umber and n is the final electron energy level integer number: = 364.56nm (

prove the red-shift amount of distant stars.

o 1en a p oton hits an atom it 1ay be abSO bed IT the e i I e ene eve Ieee(ll() IS ralsec
” | ()|d|n t o € gy Is just Ight h g | Vi | ort i
essentia Yy gl he .adlatlo . A new pl oton Oi SpeC|f|c WaVelength iS CleatedyW en the € el gy Is re eaSI ed
Yy Iscrete Step and any pOSSIb|e dlSC ete |eVe|5 or en y €XIS in an atom. ’ l .
€ Jjump In energ Sad T ergy € t tom

photon emission

_m
2

m® —n’

implest atom hydrogen. The hydrogen visible-spectrum emission

. CMB  temperature:
Wavelength

Emission line
+ ﬂHn
Absorption line H I ;
. |
- Balmer series name Hp Hy Hs He Ho
Hy
g e Max Planck determined the relationship
< betwee.n the temperature of an object and
L |ts. radiation profile; where R, is the radi- Ry= 1347418
ation power, A is the wavelength, T is the )\55< )\3788 B 1)

J

. Other creatures see different ranges of visible ligh
a different response to colors than do humans.

e The sky is blue because our atmosphere scatters
appears that the entire sky is illuminated by a blu

(visual) filter bands are depicted as | X |

t
; for example bumble-bees can see ultraviolet light and dogs have

I|%hLand t.he shorter wavelength blue gets scattered the most. It
e light but in fact that light is scattered from the Sun. The Ionger

wavelengths like red and oran i
. 1 ge move straight through the i
white ball containing all the colors of the visible spect%um atmosphere which makes the Sun fook fike 2 bright

e Interestingly, th isi m im
gly, e visible spectrum covers approxi ately one octave (doubling/halving of frequenc )
Y)-

e Astronomers use filters to ifi
capture specific wavelengths a j
nd reject unwanted wavele j
ngths. The major astronomi
ical

~

after the Big Bang.

tories in 1965.

e The intensity is measured in Mega J

e Close examination of slight CMB in

(.

Cosmic Microwave Background Radiation (CMB)

e CMB radiation i
iation is the leftover heat from the hot early universe, which last scattered about 400,000
, years

1Jy = 1072°W/m?/Hz

parts of the sky help cosmologists study the formation of galaxies

e CMB permeates the entire universe at a temperature of 2.725 + 0001K

o Fre =
o A Penzias and iobe t WllSOn aCClde ta Yy d SCOVeled CMB while WOlk g 1o Be |eep one Labo a

ansky (Jy) per steradian.

tensity variations in different

WMAP photo by NASA

Light Amplification by Stimulated

e With proper equipment, an i isi i
, any EMR like visible ligh
a LASER. A MASER functions similarly to the L

|

Emission of Radiation (LASER)

e A LASER is a device that produces coherent monochromatic EMR of high intensity

¢ .
A,SuEIthaw(():Ile.t, X-rays, ?nd gamma rays can be made to operate like
and is made with with microwaves and radio waves

Television (TV)
e Terrestrial broadcast TV uses the VHF and UHF

e Satellite television is transmitted in the C-band

grouped together in a channel band as follows:

bandwidth as analog TV.

(.

. A;:r and cable.analog TV stations are broadcast with
the separate video, color, and audio frequency carriers

ranges (30MHz - 3GHz) @.
(4 - 8 GHz) @) and Ku-band (12 - 18 GHz) where one of

nany Sate”ites iS shown (o] imi i rrer | r r n alternatin olarities, tor example
I . ell Inate intertere i gp o]
. ) k } ce, the stations are b Oadcast i i iti
C lis Velthal a d C 2is hOllZOntal a d ViCe versa or elg bOIing Sate”itesl l | l e i l '

V cha ne|S trans |tted t u -
[ I I T oug Cable (CAI V are i
fed baC( to the Cable |V st | (|| W ) ) shown as e CA V Cha e|S sta tlng Wlt “ i are cha |e|S

6MHz
1.25MHz 4. oMbz |
r 3.58MHz
ideo Color Audio

e The i i i
15.7 kHz horizontal sweep signal is a common contaminant to VLF listening .

e Digital compressi
pression methods are used for HDTV broadcasts in order to pack more channels into th 6M
o the same Hz

(Radio Bands

small sampling of the bands used around the wol

No modulation Amplitu

e Citizens Band Radio (CB) contains 40 stations

ﬂ. Time / frequency standards sho
wn as @

(] e |ad o Spect un (ELI to EI“ ) IS popu ated by 1any more tems than ca be Sl own on thIS Cha t. | a
o y

rld are s i
hown. Each country has its own rules and regulations for

allotting bands in this region. FCC B2, cRTC !l OFCOM BNA == c||

e Communication by EMR is done by modulating the carrier waveform:

de Modulation (AM) Frequency Modulation (FM)

L] RAdIO Dete tin A R Ir aADAz € Y rowaves to detect t Istance peed Oi object
C g d anging ( ) uses C aves d C [S] d stance a d S b
Cts

between 26.965 - 27.405MHz |CB . Schumann resonances are

P duced the cavit betVVeel tle Ealt a d the 10 ospnere . I oger emi 10 Da E R at 2l(ll
ro n VIty ﬂ yd g gas ts ad b d M

Other individual frequencies are represented as icons:

Sound

Ultrasonic

waves.

such as outer space.

e The speed of sound in air at sea
(3311mph).

The musical note A (A4 or A440

e Over the ages people have striven

L various scales. One recent count

b‘Submarine
e | ® Pager GMRS  General Mobile Radio Service
ernational B Weather #2070 Short wave
FRS Family Radio Service T i ‘
: Wireless Mic. === Cell
International Telecommunication Union (ITU) standard morse code eier Phones 361461 B
A== K |
—_—— p— —_————
Be==-= L === V omm=— 2-— - YT
Cm=—rnm- M —— W = —— 2 - N i
D—-- N —- X —me— 3 — L
E - O =——— Y == —— 4---__ S
(I:--—- P=e——- l ————- 5 emmm- R
G——-  Q——— §— R
[ [~ g— - e
| -- S --- oL §IILI i
[ U OITIII. e TIT
\ g————- E---———---
) J
<

o Alt Ougl Sound ocea e e eat: I ot electron t the I ed o this
, n waves, and h a tb ats are t |
n C agnetic, h Yy are |nC|Ud d
chart as a ilequel Cy rererence Ot €r prope ties o e|eCtI0 Y agnetlc waves are dli erent Trom so d
u

L] SOU d waves are CaUSed b an oscillati ompre on or mole e our nnot tr el Ir acuu
y g C SS cules S u d Ca trav a
V. m

level is 1240kph (770mph), and much faster in water at 5328kph

e Hu
mans can only hear sound between ~20Hz to ~20kHz. Some bats can hear sound up to 200kH
o z.

[ I asou d (belOW 20 IZ) I rr r I |I Fr I I H r
Ca be se Sed by i te al (o]
i : . gans a d touch. equencies | the 02 Z range

[ [S] 88 prano keyS or the Equa emperame t scale are accu atey Ocated on the “eque Cy Cha t

at 440Hz) is depicted on the chart as @

to divide the continuous audio frequency spectrum into individual

nusica otes that have harmonious relations ps be5Ides the octave MIC otonal musicians Stud
y

lists 4700 different musical scales.

Gravitational Waves

Human Audible range

the other physical forces like; the

1.4 billion light years away.

(.

e Gravity is theorized to warp space and time
observed by the gravity-lens example of distant stars and galaxies

G aVIty IS ys us
orce Wth ds arg b C p
[ ] r llell terio r [¢] rge objects togethe ald bld
y S g S ou a ets, stars, a d
galaxies toget e \IO kS ave bee estab IS ed betWee g aVIty a d electron ag etic ladlat on o

Weak force, the Electromagnetic force, and the Strong force

e “Gravitational waves” a i i
ppear as ripples in space-time travelli
Gravirati : : ing at the speed of light. L i
g ional wave was first detected in 2015, and was caused by the merge% of tvjc:]gl)rhelfrizzeld'
ack holes

In fact, gravity is responsible for bending light as

Brain Waves

o o

sound as the science of materials.

e By connecting electrodes fr
om the human head to an
: electroe iti i
measure very small cyclic electrical signals. nocphalograph (EEG) Tt s possible o

[ ] ere nas b i i I I f as
eer Y UCh Study [¢] thIS t0p|c, but ||ke a” € Fects o umans the | d| gs are not
’

wavelength.

Electromagnetic Radiation (EMR)

e EMR is emitted in discret i
e units called photons but h i
EMR fs e ed as properties of i
o o magc:gtit‘):ef.crl'jatzd by the oscillation or acceleration of electrical * :;:rl:gz|w'”'t;]avel thml']gh o
o oo 1|§8 . IYIIR travels through space at the speed of light li tica?ll - s el 'el_ .
ms~" ). EMR consists of an oscillating electrical asis of Z|:£tc'lm|”arldy where it
rical and magnetic

and magnetic field i
g at right angles to each other and spaced at a particular fluctuati
uations are rotated. The

Polarization

electrical field is shown here: near liptical ireular

e Some crystals cause the photon to rotate its polarization.

e Recei i i
ivers that expect polarized photons will not accept photons that are in othe
r

e}
g G I
2 o Ge . .
: ° nerally, lower brain wave frequencies relate to sleep, and the higher frequencies relate to alert
= e Devices have been made for measurin i i .
and st i i i
é \ g stimulating brain waves to achieve a desired state.
5 ( )
8 Systeme International d'Unités prefi i i )
3 Symbol | Prefix | Exp. Name pMul?Sc?;Ii(esrl unit prefixes)
Y 24 -1y
y }letta 1821 Sept.lllllon 1,000,000,000,000,000,000,000,000
£ a i Se.XtI”IOH 1,000,000,000,000,000,000 000’
s exa 1015 Quintillion 1,000,000,000,000,000 000'
L peta 1012 Quadrillion 1,000,000,000,000,000,
: t<.era 109 Trillion 1,000,000,000,000
N giga 106 Billion 1,000,000,000
y m(.ega 10 Million 1,000,000
kilo | 10® Thousand 1,000
10° 1
m mill 10~® | Thousandth | 0.001
n micro | 1076 Millionth 0.000 001
n nano 10_?2 Billionth 0.000 000 001
;f) pico 10:15 Trillionth 0.000 000 000 001
femto 10_18 Quadrillionth | 0.000 000 000 000 001
2 atto 10721 Quintillionth | 0.000 000 000 000 000 001
: zzp:o 10_24 Sexti.lli_onth 0.000 000 000 000 000 000 001
yocto | 10 Septillionth 0.000 000 000 000 000 000 000 001
Measurements on this ch
Symbol Name et Value rormules
Z Spee('i of Light 2.997 924 58 x10%® ms~? v
" Planck's Constant 6.626 1 x1073* Js A= %
Planck’s Constant (freq) 1.054 592 x1073* J.s ¢
{ Frequency (cycles / second) Hz T=3
. . Waé/elength (meters) m 1A = 0.1nm
L nergy (Joules) J (6.24 x10"® eV) 1nm = 10A
( A ( !
N

e Reflection of EMR is dependent on wave-
length as demonstrated when visible light
and radio waves bounce off objects that
X-Rays would pass through. Microwaves
which have a large wavelength comparecj
to visible light, will bounce off metal
mesh in a microwave oven whereas vis-

Infrared Radiation (IR)

. .
IR is sensed by humans as heat and is below the range of human
vision. All creatures emit IR, and snakes can detect it

. LR remote control signals are invisible to the human eye but can
e detected by some electronic cameras.

Night vision scopes/gog-

gles use a special camera

J

S
Urc S
. O olaritie ite di i
Bl . p ies. (ex. satellite dish receivers have horizontal and vertical polarit iti
iy e Polarized filters (like Polaroid™ ety
\ NN demonstrate polarized ligh * Suhglasses) can be used to Pl e Copi pe e
. . P Itgh . (ine e o be el Comvexand  concave ght will pass through. that senses IR and con-
\ that have one almosi Co'r_zzlget. | Tt‘)’\l’o Eviﬂapplng filters at appear closer and further : verts the image to visible
S : ely block the ligh i .
. gt angles will imost competely o h'g ¢ th‘:at e>.<|ts. - and are used to correct : light. Some IR cameras
inserted between the fi ent shows that a third filter far-sightedness and near- C I e
e The particle nature is exhib out the end of all tE Irsa:t'TWO at 457 allows some light to come sightecness. — o T
ature is exhibited when a dimly lit sol its indivi e = f. -
! : y lit solar cell emits individual i ) R .
th(aait;%r:)?\,s—l—che WE:|Ve _natured'S demonstrated by the double slit experiment ’ Rerlef:tlolgs o o electrical insulator are polarized. Conductive relectors d e ;Vf\llLértleZObnatC(lzf -
ancellation an iti olarize EM | e . .
e The wavelength of EMR addition of waves. E ht f R ) Exvlzvzfantﬁani:ength can be reflected B Aot e o e e g
o i . e Light . . \ : e - . | .
The v Rid o make|s ;;_hinged :jvhen the source s receding or ap- ght from a rainbow is polarized due to the reflection inside the water droplets wovelength m;enyefcg;/tlty o.f T dmatenal oo s
. - s high-speed receding stars and galaxi * Moonlight is sligh ! i i . ] L . .
o - i o n togdim anf btrlly Etc)la”?edh v o e rellecton ide e vter drolets wavelength of the incident beam. a:n;Ir'f(')p;IC 'tiisf;d infrared communication signals are sometimes
e _ ifie ium- i ifi
il  polrzed: R e The angle of incidence (0;) and angle of ) R
N reflection (6,) are the same. )
J (. (
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