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The Helium Neon Laser operation is dependent on Light Amplification by Stimulated Emission
of Radiation. The metastable helium atoms in the 3P2 state collide with the Neon atoms and
transfer the energy to the 3S state of Neon. When the excited neon atom in 3S releases a photon
it drops to the 2P energy state. The quantum of energy is emitted as a photon. Professor Willis E
Lamb wrote a paper “Theory of the Optical Maser”. My research on gaseous lasers “Time
Development of a Laser Signal”? demonstrated how this transfer of energy from helium
metastable atom produces an excited state in the neon atom.

Conventional physics has established that a photon has momentum, but does not have mass. |
cannot find a reference in the literature for a photon mass.

By examining the propagation of the photon through the laser and out into the air | will examine
the theoretical possibility of determining the mass of the photons (wavelength 6328 Angstroms,
and 1.15 microns) emitted from a Helium Neon Laser.

Albert Einstein presented the world with the concept that energy and mass are related, the
formula that Einstein presented® is shown in Equation 1

Equation 1 E=  mc

(1_(V/C)2)1/2

By examining the data from a He-Ne (helium-neon) laser and using equation 1, | calculated the mass of
the photon. Since the equations are complicated, | have included an excel table which is presented
below as Figure 1

C The Speed of Light in a vacuum 3.00E+08 | m/s

n index of refraction of air 1.0003

v velocity of light in air 299702547 | m/s

v/c v/c=1/n 0.99970009

(v/c)r2 (v/c)A2 =(1/n)”2 0.99940027

1-(v/c)"2 1-(1/n)A2 0.00059973

((2-(v/c)n2))r1/2 ((2-(1/n)A2))r1/2 0.02448939

E Energy = h*f

E Energy = h*c/A 3.14E-19 | J
The wavelength of a He Ne Laser 6.33E-07 | m
Einstein said Energy = mc”2/((1-(v/C)*2)"1/2

h Planck Constant 6.63E-34 | JS
photon mass = (h*/cA)* ((1-(V/C)"2))”r1/2 8.56E-38 | kg

Figure 1

The speed of light in a vacuum is 299792458 m/s. In scientific notation the speed of light ¢ =
2.99792458 *10® m/s. When | was a student at MIT as well as a Doctoral candidate at Columbia
University | was always bothered by the conventional literature on photons which stated that
photons have energy, photons have momentum but photons do not have mass.
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As a physics professor having to teach the topic of light, I noticed that the index of refraction of
light in air was 1.003*. This led me to reexamine Einstein’s original equation for energy. With
the aid of a computer and the examination of the ratio of light in a laser to the speed of light in
free space | was encouraged to rethink the mass of a photon.

To explore the possibility that photons have mass, | will use Einstein’s original equation. The
speed of light in air is slower than light in a vacuum. To find the speed of light in a material, the
speed of light in a vacuum is divided by the index of refraction®.

Equation 2 v=c/n

Equation 3 v/ic = 1/n

The index of refraction for air* is 1.0003.

Equation 3 v/c = 1/1.003

At this point the quantity v/c is squared and subtracted from 1 the result is shown in equation 4
Equation 4 1- (v/c)®=0.00059973

The denominator of Einstein’s Energy Equation is now evaluated

((1-(v/c)®)*? = 0.02448939

Equation 5 Energy = Planck’s constant (h) times the frequency (v).
Equation 5 Energy = h*v

The frequency and the wavelength (A) are equal to the speed of light® (c).
Equation 6 C=Vv*A\

Substitute this into equation 5 and the results are shown in Equation 6
Equation 7 Energy = h*c/A

The wavelength of light from a He —Ne (helium-neon) laser is equal to 6328 Angstroms® or
0.0000006328 m. Einstein said Energy = mc?/ (1-(v/c)?)Y? . The laser photon’s energy is equal to
h*c/L. We can solve for the mass of the photon. The photon mass = (h*/cL)*((1-(v/c)?))¥*
Using the values that were presented above, | calculate that the photon 6328 Angstroms® of the
He-Ne (helium-neon) Laser has a mass of 8.56*10® kg.
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However the Helium Neon Laser also emits photons with wavelength 1.15 microns. What
happens if | do the same analysis with the 1.15 micron photons? The analysis is shown below in

figure 2.

Wavelength 6328 A

Wave length 1.15 p

C | The Speed of Light in a vacuum 3.00E+08 | m/s 3.00E+08 | m/s
n | index of refraction of air 1.0003 1.0003
v | velocity of light in air 299702547.2 | m/s 299702547.2 | m/s
v/c | 1/n 0.99970009 0.99970009
(Vic)"2 0.99940027 0.99940027
1-(V/C)"2 0.00059973 0.00059973
((1-(viC)y"2)M1/2 0.024489388 0.024489388
Energy = h*f
Energy = h*c/A 3.14E-19 | J 1.73E-19 | J
The wavelength of a He Ne Laser 6.33E-07 | m 1.15E-06 | m
Einstein said Energy = mc"2/((1-
(V/IC)Y 2)™1/2
h | Planck Constant 6.63E-34 | JS 6.63E-34 | JS
photon mass = (h*((1-(V/C)"2))"1/2
/c *wavelength 8.56E-38 | kg 4.71E-38 | kg

Figure 2

The mass of the photon from a Helium Neon Laser of 1.15 microns is equal to 4.71 E-38 kg.

This analysis shows that the photon is not a unique particle like the electron, proton or neutron.
However that was never my contention. My analysis shows that the photons of different lasers
have a mass. The mass of the photon from the visible 6328 Angstrom laser is the same order of
magnitude as the mass of the photon from the 1.15 micron laser.

Although the mass of the photon is very small this analysis shows that it does exist and should be
the basis of reexamining the current theories of gravity. Could the mass of the photons be
responsible for the fact that laser light has very little divergence? To teach physics is an honor
and an obligation to always try to understand the data.
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