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/.4 Electromagnetic Spectrum

=Maxwell's equations impose no limit on the frequency
of electromagnetic waves.

= |t extends continuously from the long radio waves to
the very high energy gamma rays observed in cosmic

radiation.

f:10-10%4Hz;A:107-101%m
= The frequencies of long radio waves are about 10
hertz, and the wavelengths are about 3’X 10’ m

= The frequencies of gamma rays are of the order of
10%4 hertz, and the wavelengths of the order of ) i

3X10-16 meter. @j@
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NuBrirtl)ceirs Frequency Range Metric Subdivision (CK4fi77) Abbreviation
3-30Hz
2 30-300 Hz Megametric waves 106 EIf Rl I A
300-3000 Hz v 5
4 3-30 kHz Myriametnc waves 104 VIF LA
5 30-300kHz Kilometric waves 103 If KA
6 300-3000 kHz Hectometric waves 102 MfH S
7 30-300 MHz Decametric waves101 hf s i
8 300-3000 MHz Metric waves 100 VhfH =4
9 300-3000 MHz Decimetric waves10-! Uhfiy =40
10 3-30GHz Centimetric waves10-2 Shfii =4
11 30-300GHz Millimetric waves 10-3 Enfik i 50
12 300-3000GHz Decimillimetric waves 104
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Penetrates Earth's

Atmosphere? N N
Radiation Type Flaclln Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 1072 10°° 0.5x<10 ~© 10°® 10710 107"

A “ l m <& ? 8o L @ @

Buildings Humans  Butterflies Needle Point Protozoans Molecules  Atoms  Atomic Nuclei

10* 108 10'2 10'8 10'¢ 10'¢ 1070

Temperature of __
objects at which 4
this radiation is the |

most intense '
wavelength emitted

1K 100 K 10,000 K 10,000,000 K
-272 °C -173 °C 9,727 °C ~10,000,000 °C



/.4 Electromagnetic Spectrum

Log, hf(ev)
-14-13-12-11-10-9 8 -7 6 -5 4 -3 -2 -1 0 1 2 3 45 6 7 8 910
N I I s s I A

Log,oA(m)
8 76 54 3 21 0-1-2-3-4-5-6-7-8-9 -10-11-12-13-14-15-16

| Log,,f(c/s)
012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

N S I I A O N A A
If Uf VIF If mf hf Vhf ghf shf ¢hf ||[Visible—]— amma-rays,
‘ T r r r r T “‘rajarT “gmra BaEA—
| e
—
v red
The spectrum of electromagnetic waves. The abbreviations elf, vf, vif, . . .
mean, respectively, extremely low frequency, voice frequency, very low
frequency, low frequency, medium frequency, high frequency, very high
frequency, ultrahigh frequency, super high frequency, and extremely high
frequency. The limits indicated by the shaded regions are approximate. The

energy hf, where h is Planck's constant (6.63X 1034 joule-second) and f is the
frequency, is tha of a photon or quantum of radiation.

ltraviolet
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Region

Approx Range (meters/hertz)

Specific Range

Radio Waves

g})))))

104 - 102 m/10% - 10%° Hz

ultra-low frequency (ULF) 3-30Hz
extremely low frequency (ELF) 30 - 300 Hz
voice frequencies (VF) 300 Hz - 3 kHz
very low frequency (VLF) 3-30kHz

low frequency (LF) 30 - 300 kHz

medium frequency (MF)

300 kHz - 3 MHz

high frequency (HF)

3 - 30 MHz

very high frequency (VHF)

30 - 300 MHz

ultra high frequency (UHF)

300 MHz - 3 GHz

super high frequency (SHF) 3-30GHz

extremely high frequency (EHF) 30 - 300 GHz
Shortwave see MF, HF

Television see VHF, UHF £
Microwave

30 cm - 1 mm/1-300 G}ﬂz\B




Infrared

e pd

Ultraviolet

S @ZONE

5

103 - 10 m/10% - 104 Hz
Far

Middle

Near

5x1077 m/2x10%* Hz
red

orange

yellow

green

blue

violet

107 - 10® m/10%° - 10'*® Hz
UV-A (least harmful)
UV-B (more harmful, absorbed by ozone)

UV-C (most harmful, but all absorbed by

air)

Near-UV ("black light")
Mid-UV

Far-UV (vacuum)
Extreme — UV

1000-30 um E Infrared Guidance

30-3 um
3-0.75 um

770-622 nm
622-597 nm
597-577 nm
577-492 nm
492-455 nm
455-390 nm

400-315 nm
315-280 nm

280-100 nm

400-300 nm

300-200 nm
200-100 nm
100-10 nm

. Infrared Guidance

. dinosaur and human

10° - 10t m/107 - 10%° Hz :
coexistence

Gamma ray E Principle of y-knife

g, 1hnife

1011 - 10 m/10%° - 10%* Hz
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