
Niels Bohr (1885-1962, Nobel Prize 1922), a Danish 
Physicists, showed that electrons in atoms orbit around 
the nucleus at different energy levels (shells). 
 
The energy level an electron normally occupies is called 
its ground state. An electron can move to a higher-
energy, less stable level (shell) by absorbing energy. 
This higher-energy, less stable state is called the 
electron’s excited state. 
 
When an excited electron returns to its original ground 
state, energy is released, and this energy becomes the 
electromagnetic spectrum. 
 

 
 







Electromagnetism 101 

The Two Formulas 

ONE 

(Wave Length [WL]) X (Frequency [F]) = 18�,000 miles/sec [speed of light] 

OR 

(Frequency [F]) = 186,000 miles/sec [speed of light] 
 (Wave Length [WL]) 

STUPID EXAMPLE#1 

Frequency = 186,000 miles/sec = 1,000 
   186 

STUPID EXAMPLE#2 

Frequency = 186,000 miles/sec = 186 
   1,000 

TWO 

Photonic Energy (E) = (Planck’s Constant) X (The Speed of Light [186,000 miles/s]) 
  Wavelength 

OR 

Photonic Energy (E) = (Planck’s Constant) X (Frequency [F]) 

•••••••••••••••••••• 

Photon energy is the energy carried by a single photon. 

The amount of energy is directly proportional to the photon's electromagnetic 
frequency and inversely proportional to the wavelength.  

The higher the photon's frequency, the higher its energy.  

The longer the photon's wavelength, the lower its energy. 

Photon energy is solely a function of the photon's wavelength. 



Other factors, such as the intensity of the radiation, do not affect photon energy. In 
other words, two photons of light with the same color and therefore, same 
frequency, will have the same photon energy, even if one was emitted from a wax 
candle and the other from the Sun. 

The equation for photon energy is: 

E = (Planck’s Constant) X (The Speed of Light) 
Wavelength 

OR 

E = (Planck’s Constant) X (The Frequency) 

This equation is known as the Planck-Einstein relation. 

Since both Planck’s Constant and the Speed of Light are constants, photon energy 
changes with direct relation to wavelength. 

The Electromagnetic Spectrum 
(all numbers are rounded and ball-parked) 
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My favorite book on electromagnetism is: 
 

Zapped 
From Infrared to X-rays, the Curious History of Invisible Light 

Bob Berman 
2017 

 
Visible and invisible light is composed of electromagnetic photons that travel at the 
speed of light: 186,282 miles per second. 
 
Visible and invisible light also has a wavelength, distance from crest to crest. 
 
Visible light wavelengths are measured in nanometers (nm, billionth of a meter). 
 
Wavelengths between 400-700 nm are visible, and different wavelengths 
correspond to different colors (405 = violet, 535 = green, 635 = red). 
 
Wavelengths less than 400 nm are invisible and have so much energy they cause 
ionization damage (like ultraviolet and x-rays). 
 
Wavelengths longer than 700 nm are also invisible and are called infrared, 
microwaves and radio waves. 
 
Longer infrared wavelengths cause motion of atoms and molecules and thus 
generate heat. 
 
Visible and invisible light also have a frequency, the period of time it takes the wave 
to pass you and to be replaced by the next wave. Frequency is the “number of 
wavelengths that pass you every second.” 
 
 (Wavelength) X (Frequency) = 186,282 miles/second 
 This is a key concept, therefore: 
 
 • A wavelength of 186,000 miles will pass by only once in a second 
 
 • A wavelength of 186 miles will pass by 1,000 times in a second,   
  meaning the frequency will be 1,000 times faster 
 
 • Therefore, the shorter the wavelength, the greater the frequency 
 
The unit designating a wave’s frequency is the hertz, in honor of Heinrich Hertz. 
 
“A wave that pulses 700 times per second is said to vibrate at 700 hertz.” 
 
“If it pulses 700,000 times per second, we use the prefix kilo (meaning ‘one 
thousand’) and say it has a frequency of 700 kilohertz, or 700 kHz.” 
 



• 650 on the AM radio dial means that 650,000 of its waves “zoom through you 
 and your radio each second.” This is 650 kHz. 
 
• FM radio frequencies are expressed in megahertz, or millions of pulses per 
 second. 90 on the FM dial means that 90 million waves pass by per second. 
 This is 90 mHz. 
 
Infrared radiation is not heat. Rather, infrared radiation creates heat. Heat is 
caused by the “motion of atoms and molecules.” Infrared waves push atoms a little, 
causing the atoms to vibrate, and this causes heat. 
 
“If waves are too short and too frequent, they’ll scarcely budge atoms, which is why 
green and especially blue and violet light don’t heat things very much. Red does 
better. And when it comes to maximum efficiency [of heat production], those 
unseen infrared waves are optimal for making whole atoms jiggle.” 
 
Hertz (frequency) = number of waves that go through you per second, up to 999. 
 
Kilohertz = thousands of Hertz per second 
• AM radio station waves 
 
Megahertz = millions of Hertz per second = MHz 
• FM radio station waves 
• Cooking 
• Cell Phones 
• Radar  
• WiFi 
• Radar  
• Direct TV 
 
Gigahertz = billions of Hertz per second = GHz 
• Anti-collision vehicle radars 
 
Terahertz = trillions of Hertz per second = THz 
• Visible light and colors 
• Therapeutic lasers 
• A 635 nm red color has about 450 trillion Hertz per second = 450 Thz 
  
The sun does not emit microwaves. 
We are now exposed to microwaves 24/7, an experience that no humans evolved 
with. These invisible waves are constantly zapping our bodies. 
 
Microwaves heat up anything with moisture in it (water), like food and people.  
Microwaves penetrate into the interior of food and people. 
Cellular phones use radiation in the microwave spectrum. 
 
Microwaves are generated by both cellular towers and from satellites in space. 



Shorter Wavelengths: Longer Wavelengths: 
Have More Energy Have Less Energy 

Have Higher Frequencies (Hertz) Have Lower Frequencies (Hertz) 
Do Not Penetrate as Deep Penetrate Deeper 

Do Not Generate Heat Increase Molecular Motion 
and thus Generate Heat 
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Zapped 

From Infrared to X-rays, the Curious History of Invisible Light 
 

Bob Berman 
2017 

 
There is a “whole world of light outside our range of vision.” 
 
“Photons constitute 99.9999999 percent of everything.” 
 
“Light is made up of intertwined magnetic and electrical fields.” Yet, “neither 
magnetism nor electricity is visible to our eyes.” 
 
In 1865, Scottish physicist and mathematician James Clerk Maxwell showed that all 
light consists of a dual wave: a magnetic pulse accompanied by an electric pulse 
positioned at a ninety-degree angle to it. Therefore, light is an electromagnetic 
phenomenon. Light is a “manifestation of magnetism and electricity.” Light is the 
unification of magnetic and electric fields. 
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“Oscillating electrical and magnetic fields travel through space as waves and move 
at the speed of light.” 
 
It is the movement of electrons that is the sole creator of all light. 
 
When any form of energy strikes an atom, the energy excites the atom’s electrons, 
which jump further from the atom’s nucleus; in a fraction of a second the electron 
falls back to the closer orbit, and a photon is formed and speeds away at the speed 
of light. This is light. [186,282 miles per second, through empty space; the speed 
slows down through glass, water and clothes] 
 
All light has a wavelength, distance from crest to crest. 
“Wavelength is the distance from one peak of a wave’s electrical field to the next 
peak.” 
Short wavelengths have “more power, or energy” than long ones. 
 
The light we can see is too weak to break atoms apart in the body, “but fast-
vibrating light such as ultraviolet can indeed strip an atom of one or more of its 
electrons, which alters molecules and can lead to consequences such a 
carcinogenesis.” 
 
All light has a frequency, the period of time it takes the wave to pass you and to be 
replaced by the next wave. Frequency is the “number of wavelengths that pass you 
every second.” 
 
Wavelength and frequency are “intimately related and inversely proportional.” 
 
Read this “one more time so that it is absolutely clear, and you will have grasped 
the most important properties of all light, visible and invisible:” 
 
 (Wavelength [in miles]) X (Frequency) = 186,282 
 
 Therefore: 
 
 • a wavelength of 186,000 miles will pass by only once in a second 
 
 • a wavelength of 186 miles will pass by 1,000 times in a second,   
  meaning the frequency will be 1,000 times faster 
 
 “Bottom line: the shorter the wavelength, the faster the waves must pulse. 
 Moreover, the shorter the wave and the faster its frequency, the more energy 
 it has.” 
 
The unit designating a wave’s frequency is the hertz, in honor of Heinrich Hertz. 
 
“A wave that pulses 700 times per second is said to vibrate at 700 hertz.” 
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“If it pulses 700,000 times per second, we use the prefix kilo (meaning ‘one 
thousand’) and say it has a frequency of 700 kilohertz, or 700 kHz.” 
 
• 650 on the AM radio dial means that 650,000 of its waves “zoom through you 
 and your radio each second.” 
 
• FM radio frequencies are expressed in megahertz, or millions of pulses per 
 second. 90 on the FM dial means that 90 million waves pass by per second. 
 
 
A wave that pulses: 
 

Color Wavelength Frequency 
Ultraviolet 
(invisible) 

> 400 nm 1,000 trillion per second 
(1 quadrillion) 

Green 530 nm 
530 billionth of a meter 

530 THz (terahertz) 
530 trillion per second 

Red [630 nm] 450 trillion per second 
Infrared 

(invisible) 
 1 trillion per second 

 
 
William Herschel was one of the “greatest minds in human history.” He was born in 
1738.  
 
In 1800 Herschel knew that when light struck a surface, some of the light’s energy 
was absorbed and the surface warmed. 
 
Dark surfaces would absorb more energy than light surfaces since they became hot 
faster. 
 
Also, green light directed to a thermometer for 8 minutes would raise the 
temperature by 3.2° F, while red would raise the temperature by 6.9° F. Herschel 
found that exposing a thermometer to the invisible rays just beyond the red visible 
spectrum were the most efficient at generating heat; he initially called these 
invisible rays calorific rays (calor is Latin for heat). Today these heat producing 
invisible rays are called infrared radiation. 
 
“Infrared radiation is not heat. Rather, infrared radiation creates heat.” 
 
Heat is caused by the “motion of atoms and molecules.” Infrared waves push atoms 
a little, causing the atoms to vibrate, and this causes heat. 
 
“If waves are too short and too frequent, they’ll scarcely budge atoms, which is why 
green and especially blue and violet light don’t heat things very much. Red does 
better. And when it comes to maximum efficiency [of heat production], those 
unseen infrared waves are optimal for making whole atoms jiggle.”  
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Feeling the warmth of the sun is actually only feeling the increased vibrations of 
your skin’s atoms, caused by accelerated atomic motion caused by the sun’s 
infrared radiation. 
 
Infrared radiation travels at the speed of light. Heat travels much more slowly. 
 
The long wavelengths of visible light “cannot possibly injure genes and cause 
cancer.” 
 
“The intensity of light or any other electromagnetic radiation is inversely 
proportional to the square of its distance from the source.” 
 
Brain Waves pulse at the following frequencies: 
 
• delta waves (<4 Hz) 
 occur during sleep 
 
• theta waves (4-7 Hz) 
 generated during deep relaxation, meditation, and sleep 
 
• alpha waves (8-13 Hz) 
 these are generated during relaxation 
 
• beta waves (13-38 Hz) 
 these are generated when the brain is active, problem solving, conversation, 
 etc. 
 
• gamma waves (39-100 Hz) 
 these are also emitted when the brain is active 
 
 
“Laser scalpels employ 30,000 to 100,000 mW of energy, meaning 30 to 100 watts, 
to effortlessly cut through flesh.” 
 
“Laser light is so concentrated that it can produce eye damage in a fraction of a 
second.” 
 
A 20 mW, 50 mW, or 100 mW laser pointed at a “dark-color balloon, and it will pop 
almost instantly.” [author is implying with blue or green wavelengths] 
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SUMMARY FROM DAN MURPHY 

 
• All light, including laser light, is comprised of both an electric field 
and a magnetic field. 
 
• All light, including laser light, has a wavelength and a frequency. 
 
• Shorter wavelengths have more energy: 
 
 •• wavelengths below 400 nm are damaging 
 
 •• wavelengths between 400-700 nm (visible light) are not   
  damaging 
 
 •• the longer the wavelength the more heat it generates 
 
 •• wavelengths greater than 700 nm generate the most heat 
 
• Wavelength X Frequency = 186,282  ALWAYS, Therefore: 
 
 •• shorter wavelengths have greater pulse frequencies 
 
• The intensity of light electromagnetic radiation falls off significantly 
with increasing distance from the source of the light. 


