
How to read this 
hart

• This 
hart is organized in o
taves (frequen
y doubling/halving) starting at 1Hz and going higher (2,4,8, et
) and

lower (1/2, 1/4, et
). The o
tave is a natural way to represent frequen
y.

• Frequen
y in
reases in the upward dire
tion. and wrap around from far right to far left.

• There is no limit to either end of this 
hart, however, due to limited spa
e, only the �known" items have been shown

here. A frequen
y of 0Hz is the lowest possible frequen
y but the method of depi
ting o
taves used here does not

allow for ever rea
hing 0Hz, only approa
hing it. Also, by the de�nition of frequen
y (Cy
les per se
ond), there is

no su
h thing as negative frequen
y.

• Values labels: Frequen
y in Hertz, Wavelength in meters, Energy in ele
tronVolts.

Gamma Rays

• Gamma radiation is the highest energy radiation (up to ≈ 10
20

eV) that has been measured. At this energy, the

radiation 
ould be from gamma-rays, protons, ele
trons, or something else.

• Alpha, beta, and delta radiation are not ele
tromagneti
 but are a
tually parts of the atom being released from a

radioa
tive element. In some 
ases this 
an 
ause gamma radiation. These are not to be 
onfused with brain waves

of similar names.

Ultraviolet Light (UV)

• UV light is beyond the range of human vision. A bumblebee 
an see light in the UVA range whi
h helps them

identify 
ertain �owers.

• Short-term UV-A exposure 
auses sun-tanning whi
h helps to prote
t against sunburn. Exposure to UV-B is

bene�
ial to humans by helping the skin produ
e vitamin D. Ex
essive UV exposure 
auses skin damage. UV-C is

harmful to humans but is used as a germi
ide.

• The Sun produ
es a wide range of wavelengths in
luding all the UV light, however, UVB is partially �ltered by the

ozone layer and UVC is totally �ltered out by the earth's atmosphere.

Emission and Absorption

• As EMR passes through elements, 
ertain wavelength bands get absorbed and some new ones get emitted. This

absorption and emission produ
es 
hara
teristi
 spe
tral lines for ea
h element whi
h are useful in determining the

makeup of distant stars. These lines are used to prove the red-shift amount of distant stars.

• When a photon hits an atom it may be absorbed if the energy is just right. The energy level of the ele
tron is raised

� essentially holding the radiation. A new photon of spe
i�
 wavelength is 
reated when the energy is released.

The jump in energy is a dis
rete step and many possible dis
rete levels of energy exist in an atom.

• Johann Balmer 
reated this formula de�ning the photon emission

wavelength (λ); where m is the initial ele
tron energy level integer

number and n is the �nal ele
tron energy level integer number:

λ = 364.56nm
(

m2

m2
− n2

)

• Mu
h of the interstellar matter is made of the simplest atom hydrogen. The hydrogen visible-spe
trum emission

and absorption lines are shown below:
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• Max Plan
k determined the relationship

between the temperature of an obje
t and

its radiation pro�le; where Rλ is the radi-

ation power, λ is the wavelength, T is the

temperature:

Rλ =
37418

λ5ǫ

(

14388
λT

− 1

)

Visible Spe
trum

• The range of EMR visible to humans is 
alled �Light". The visible spe
trum also 
losely resembles the range of

EMR that �lters through our atmosphere from the Sun.

• Other 
reatures see di�erent ranges of visible light; for example bumble-bees 
an see ultraviolet light and dogs have

a di�erent response to 
olors than do humans.

• The sky is blue be
ause our atmosphere s
atters light and the shorter wavelength blue gets s
attered the most. It

appears that the entire sky is illuminated by a blue light but in fa
t that light is s
attered from the Sun. The longer

wavelengths like red and orange move straight through the atmosphere whi
h makes the Sun look like a bright

white ball 
ontaining all the 
olors of the visible spe
trum.

• Interestingly, the visible spe
trum 
overs approximately one o
tave (doubling/halving of frequen
y).

• Astronomers use �lters to 
apture spe
i�
 wavelengths and reje
t unwanted wavelengths. The major astronomi
al

(visual) �lter bands are depi
ted as

X

Light Ampli�
ation by Stimulated Emission of Radiation (LASER)

• A LASER is a devi
e that produ
es 
oherent mono
hromati
 EMR of high intensity .

• With proper equipment, any EMR like visible light, ultraviolet, x-rays, and gamma rays 
an be made to operate like

a LASER. A MASER fun
tions similarly to the LASER and is made with with mi
rowaves and radio waves.

Television (TV)

• Terrestrial broad
ast TV uses the VHF and UHF ranges (30MHz - 3GHz)

05

.

• Satellite television is transmitted in the C-band (4 - 8 GHz)

05

and Ku-band (12 - 18 GHz)

ut
where one of

many satellites is shown. To eliminate interferen
e, the stations are broad
ast in alternating polarities, for example,

Ch 1 is verti
al and Ch 2 is horizontal and vi
e versa on neighboring satellites.

• TV 
hannels transmitted through 
able (CATV) are shown as

05

. CATV 
hannels starting with �T-" are 
hannels

fed ba
k to the 
able TV station (like news feeds).

• Air and 
able analog TV stations are broad
ast with

the separate video, 
olor, and audio frequen
y 
arriers

grouped together in a 
hannel band as follows:

6MHz

u u u
1.25MHz

3.58MHz

4.5MHz

Video Color Audio

• The 15.7 kHz horizontal sweep signal is a 
ommon 
ontaminant to VLF listening .

• Digital 
ompression methods are used for HDTV broad
asts in order to pa
k more 
hannels into the same 6MHz

bandwidth as analog TV.

Radio Bands

• The radio spe
trum (ELF to EHF) is populated by many more items than 
an be shown on this 
hart. Only a

small sampling of the bands used around the world are shown. Ea
h 
ountry has its own rules and regulations for

allotting bands in this region. FCC , CRTC , OFCOM , BNA , CII ...

• Communi
ation by EMR is done by modulating the 
arrier waveform:

No modulation

Amplitude Modulation (AM) Frequen
y Modulation (FM)

• RAdio Dete
ting And Ranging (RADAR) uses mi
rowaves to dete
t the distan
e and speed of obje
ts.

• Citizens Band Radio (CB) 
ontains 40 stations between 26.965 - 27.405MHz CB . S
humann resonan
es are

produ
ed in the 
avity between the Earth and the ionosphere

S

. Hydrogen gas emits radio band EMR at 21
m

H

. Time / frequen
y standards shown as . Other individual frequen
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Sound

• Although sound, o
ean waves, and heartbeats are not ele
tromagneti
, they are in
luded on this


hart as a frequen
y referen
e. Other properties of ele
tromagneti
 waves are di�erent from sound

waves.

• Sound waves are 
aused by an os
illating 
ompression of mole
ules. Sound 
annot travel in a va
uum

su
h as outer spa
e.

• The speed of sound in air at sea level is 1240kph (770mph), and mu
h faster in water at 5328kph

(3311mph).

• Humans 
an only hear sound between ≈20Hz to ≈20kHz. Some bats 
an hear sound up to 200kHz.

• Infrasound (below 20Hz) 
an be sensed by internal organs and tou
h. Frequen
ies in the 0.2Hz range

are often the 
ause of motion si
kness.

• The 88 piano keys of the Equal Temperament s
ale are a

urately lo
ated on the frequen
y 
hart.

The musi
al note A (A4 or A440 at 440Hz) is depi
ted on the 
hart as A4 .

• Over the ages people have striven to divide the 
ontinuous audio frequen
y spe
trum into individual

musi
al notes that have harmonious relationships besides the o
tave. Mi
rotonal musi
ians study

various s
ales. One re
ent 
ount lists 4700 di�erent musi
al s
ales.

Gravitational Waves

• Gravity is the mysterious for
e whi
h holds large obje
ts together and binds our planets, stars, and

galaxies together. No links have been established between gravity and ele
tromagneti
 radiation or

the other physi
al for
es like; the Weak for
e, the Ele
tromagneti
 for
e, and the Strong for
e.

• Gravity is theorized to warp spa
e and time. In fa
t, gravity is responsible for bending light as

observed by the gravity-lens example of distant stars and galaxies.

• �Gravitational waves� appear as ripples in spa
e-time travelling at the speed of light. Long theorized,

a gravitational wave was �rst dete
ted in 2015, and was 
aused by the merger of two bla
k holes

1.4 billion light years away.

Brain Waves

• By 
onne
ting ele
trodes from the human head to an ele
troen
ephalograph (EEG), it is possible to

measure very small 
y
li
 ele
tri
al signals.

• There has been mu
h study on this topi
, but like all e�e
ts on humans, the �ndings are not as

sound as the s
ien
e of materials.

• Generally, lower brain wave frequen
ies relate to sleep, and the higher frequen
ies relate to alertness.

• Devi
es have been made for measuring and stimulating brain waves to a
hieve a desired state.

Syst�eme International d'Unit�es pre�xes (SI unit pre�xes)

Symbol Pre�x Exp. Name Multiplier

Y yotta 1024 Septillion 1,000,000,000,000,000,000,000,000

Z zetta 1021 Sextillion 1,000,000,000,000,000,000,000

E exa 1018 Quintillion 1,000,000,000,000,000,000

P peta 1015 Quadrillion 1,000,000,000,000,000

T tera 1012 Trillion 1,000,000,000,000

G giga 109 Billion 1,000,000,000

M mega 106 Million 1,000,000

k kilo 103 Thousand 1,000

100 1

m milli 10−3
Thousandth 0.001

µ mi
ro 10−6
Millionth 0.000 001

n nano 10−9
Billionth 0.000 000 001

p pi
o 10−12
Trillionth 0.000 000 000 001

f femto 10−15
Quadrillionth 0.000 000 000 000 001

a atto 10−18
Quintillionth 0.000 000 000 000 000 001

z zepto 10−21
Sextillionth 0.000 000 000 000 000 000 001

y yo
to 10−24
Septillionth 0.000 000 000 000 000 000 000 001

Measurements on this 
hart

Symbol Name Value

c Speed of Light 2.997 924 58 ×10
8 ms−1

h Plan
k's Constant 6.626 1 ×10
−34 J·s

h̄ Plan
k's Constant (freq) 1.054 592 ×10
−34 J·s

f Frequen
y (
y
les / se
ond) Hz

λ Wavelength (meters) m

E Energy (Joules) J (6.24 ×10
18 eV)

Formulas

E = h · f

λ =

c
f

f =

c
λ

1�A = 0.1nm

1nm = 10�A
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Cosmi
 Mi
rowave Ba
kground Radiation (CMB)

• CMB radiation is the leftover heat from the hot early universe, whi
h last s
attered about 400,000 years

after the Big Bang.

• CMB permeates the entire universe at a temperature of 2.725 ± 0 001K.

• Arno Penzias and Robert Wilson a

identally dis
overed CMB while working for Bell Telephone Labora-

tories in 1965.

• The intensity is measured in Mega Jansky (Jy) per steradian.

1Jy = 10
−26W/m2/Hz

• Close examination of slight CMB intensity variations in di�erent

parts of the sky help 
osmologists study the formation of galaxies.

WMAP photo by NASA

The Electromagnetic Radiation Spectrum

Ele
tromagneti
 Radiation (EMR)

• EMR is emitted in dis
rete units 
alled photons but has properties of

waves. EMR 
an be 
reated by the os
illation or a

eleration of ele
tri
al


harge or magneti
 �eld. EMR travels through spa
e at the speed of light

(c = 2.99792458× 10
8 ms−1

). EMR 
onsists of an os
illating ele
tri
al

and magneti
 �eld at right angles to ea
h other and spa
ed at a parti
ular

wavelength.
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Wave Nature
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Parti
le Nature

• The parti
le nature is exhibited when a dimly lit solar 
ell emits individual

ele
trons. The wave nature is demonstrated by the double slit experiment

that shows 
an
ellation and addition of waves.

• The wavelength of EMR is 
hanged when the sour
e is re
eding or ap-

proa
hing. Red-shift makes high-speed re
eding stars and galaxies appear

more red.

Polarization

• EMR will travel through spa
e

linearly with no rotation, or el-

lipti
ally or 
ir
ularly where its

axis of ele
tri
al and magneti


�u
tuations are rotated. The

ele
tri
al �eld is shown here:

Linear

Ellipti
al Cir
ular

• Some 
rystals 
ause the photon to rotate its polarization.

• Re
eivers that expe
t polarized photons will not a

ept photons that are in other

polarities. (ex. satellite dish re
eivers have horizontal and verti
al polarity positions).

• Polarized �lters (like Polaroid™ sunglasses) 
an be used to

demonstrate polarized light. One �lter will only let photons

that have one polarity through. Two overlapping �lters at

right angles will almost 
ompletely blo
k the light that exits.

The Dira
 three polarizers experiment shows that a third �lter

inserted between the �rst two at 45° allows some light to 
ome

out the end of all three �lters.

• Re�e
tions from an ele
tri
al insulator are polarized. Condu
tive re�e
tors do not

polarize EMR.

• Light from a rainbow is polarized due to the re�e
tion inside the water droplets.

• Moonlight is slightly polarized. Rotating a polarized sunglass lens 
auses the moon-

light to dim and brighten slightly.

Refra
tion

• Refra
tion, or bending of

EMR, is dependent on wave-

length. All wavelengths of

EMR 
an be refra
ted by

using the proper materials.

White light 
an be spread by

refra
tion into a spe
trum of

its 
omposite 
olors with a

glass prism.

Glass prism

• Convex and 
on
ave

lenses make obje
ts

appear 
loser and further

and are used to 
orre
t

far-sightedness and near-

sightedness.

Convex Con
ave

• Heavy obje
ts like dense

galaxies, stars, and large

planets 
ause light to bend

due to gravitational lensing

as seen here in galaxy 
lus-

ter Abell 2218:
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Re�e
tion

• Re�e
tion of EMR is dependent on wave-

length as demonstrated when visible light

and radio waves boun
e o� obje
ts that

X-Rays would pass through. Mi
rowaves,

whi
h have a large wavelength 
ompared

to visible light, will boun
e o� metal

mesh in a mi
rowave oven whereas vis-

ible light will pass through.

Sour
e

θi θr

Re�e
tor

• EMR of any wavelength 
an be re�e
ted,

however, the re�e
tivity of a material

depends on many fa
tors in
luding the

wavelength of the in
ident beam.

• The angle of in
iden
e (θi) and angle of

re�e
tion (θr) are the same.

Infrared Radiation (IR)

• IR is sensed by humans as heat and is below the range of human

vision. All 
reatures emit IR, and snakes 
an dete
t it.

• IR remote 
ontrol signals are invisible to the human eye but 
an

be dete
ted by some ele
troni
 
ameras.

•

NASA/IPAC

Night vision s
opes/gog-

gles use a spe
ial 
amera

that senses IR and 
on-

verts the image to visible

light. Some IR 
ameras

employ an IR lamp to help

illuminate the view.

• A demonstration of IR is to hold a metal bowl in front of your

fa
e. The IR emitted by your body will be re�e
ted ba
k using

the paraboli
 shape of the bowl and you will feel the heat.

• IR LASERs are used for 
utting material.

• Fiber-opti
 based infrared 
ommuni
ation signals are sometimes

ampli�ed with Erbium-Doped Fiber Ampli�ers
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