
108 107 106 105 104 103 102 101 100 10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8 10-9 10-10 10-11 10-12 10-13
wavelength, λ (m)

101 102 103 104 105 106 107 108 109 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021

frequency, f (Hz)

long radio radio microwave infrared

vi
si

bl
e

UV X-ray gamma ray

EL
F

VL
F

SL
F

U
LF LF M
F

H
F

VH
F

U
H

F

SH
F

EH
F

TH
F

AM FM TV
ph

on
es

W
i-F

i
ra

da
rsubmarine

communication sunlight

M
id

-IR

Fa
r-I

R

N
ea

r-I
R

U
V-

A,
B,

C
VU

V

ha
rd

so
ft

medical
imagingm

m
 s

ca
n

sh
or

tw
av

e

10-32 10-31 10-30 10-29 10-28 10-27 10-26 10-25 10-24 10-23 10-22 10-21 10-20 10-19 10-18 10-17 10-16 10-15 10-14 10-13 10-12

photon energy, E (J)

long-distance propagation line-of-sight propagation

wave synchronized detection photon detectionTHz gap

non-ionizing radiation ionizing radiation

rotations electron transitionsvibrations nuclei


