Waves & Coffee -
Radio frequency photons

Is “Quantum Radio” a thing?
By Stephen W2WF

Radio operators are used to thinking in terms of wavelengths, frequencies, and as we saw
previously, even the speed of light “c”. These quantities come into play when we discuss
radio waves which are well explained in a theory called: Classical Electromagnetic theory. But
aren’t electromagnetic phenomena also explained in terms of photons? Yes, indeed they are,
so let’s delve into this question.

What we learned in school about particles may not have been the complete story. Radio
waves do indeed typically behave like waves; however, they can sometimes behave like
particles called photons. This split personality is known as the “wave-particle duality” and is a
fascinating topic.

As a starting point we’ll recall that electromagnetic waves span a large range of wavelengths
and frequencies. They extend from radio waves to infrared, to visible light, to ultraviolet, and
even x-rays and gamma rays. In certain parts of this spectrum, it’s better to treat them as
waves and in others as particles. It really depends on what we use to measure them and on
the energy of the photons themselves.
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But when to use waves and when to use photons? Also, for radio frequencies, do photons
exist?
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Let’s look at the physics and for that we go to a famous and fascinating source: Richard
Feynman.

Feynman was a New Yorker who won the Nobel prize
in Physics and is known for his originality and wit.
Sadly, he passed away in 1988 at the age of 69 but
he left a big mark in the physics community. He had
the following take on the question of photons versus
waves.

There are three main regimes where a specific
approach works best, and they are:

1. Geometrical optics regime - this is where

a. The electromagnetic wave’s wavelength
is very small compared to the size of the
measuring equipment, and

b. The energy of the photon corresponding
to this wavelength is small compared to
the energy sensitivity of the equipment
used to measure it.

Dr. Richard Feynman MIT (BS), Princeton (PhD)

2. Classical theory of electromagnetic radiation
regime - this is where

a. The electromagnetic wave’s wavelength is comparable in size to our measuring
apparatus, and

b. The energy of the photon corresponding to these wavelengths is negligibly small.

3. Photon regime - this is where

a. The electromagnetic wave’s wavelength is very short compared to the size of the
measurement equipment, and

b. The energy of the photon is very large compared to the sensitivity of our
equipment.

Before we go into examples, we need to recall that the Energy of the photon is defined as:
E =hv
where,
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v = frequency (in units of Hertz or 1/5 )

This can be combined with the following equation which we’ve seen before and relates
frequency and wavelength of electromagnetic waves,

Cc
V==

where,

v = frequency (inunits of Hertz or 1/5 )
c = speed of light (in units of%)

A = wavelength (in units of meters or m)

Combining these two equations gives the energy of the photon, in terms of the wavelength,

E:hz

Examples

1.- Geometrical Optics Case:

Say we have blue light of wavelength 500 nanometers, or 500 x 10~° m, going through a 2-
inch diameter hole on a solid screen and then gets projected to a viewing screen in the back.
In this case, 500 x 107°m << 2 inch or 5.08 x 1072m. So, our wavelength is much smaller
compared to the size of our measuring equipment, which in this case is the hole in the screen

& the projecting screen. v Check!

Next, our formula for the Energy of the photon gives,

E_hc_(4.135x10‘15)(3x108) L 1 5481 oV
—"3T (500 x 10-9) S m T e

But this is small compared to the energy sensitivity of our equipment used to measure the
image size, a projection screen. v Check!

Therefore, geometrical optics applies here.

2.- Electromagnetic Wave Case:

Next, we consider something near and dear to our hearts: a ham radio signal. Say the
frequency we consider is in the 20m band at 14.305 MHz

Our measuring equipment would be a dipole antenna or a vertical antenna which would be
about the same length as our wavelength: 20m. v Check!
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This frequency corresponds to a wavelength of 20.972m and our formula gives:

E_hc_(4.135x10‘15)(3x108) L 1 5 915 x 10-° oV
—"3T (20.972) ST oY e

This is a photon of negligible energy. v Check!
Therefore, Classical Electromagnetic wave theory applies here.

3.- Photon Regime Case:

Lastly, we consider a hydrogen atom being hit with a photon of wavelength 94 nanometers.
Our measuring equipment for this experiment would likely consist of a device called a
spectrometer. At the heart of that device is a component called a “diffraction grating”. This
component has many closely spaced slits typically 1000 lines/mm and its dimensions are
typically 1.3 x 0.8 inches for practical applications. So, the diffraction grating’s effective size
would be about 3.3 x 107> m. This is small but the wavelength of the light is much smaller,

33x105m>» 94x10°8m+ Check!

Now, this photon would kick the single electron in the hydrogen atom from its ground state
(n=1) up to energy level n=6. The energy to get this done would be,

E =13.19eV

This is a relatively large energy since it’s close to the binding energy of the hydrogen atom,
13.6 eV, which would separate the electron from the proton. v Check!

We conclude that the photon regime is what would apply in this case.

So, for radio waves, photons do indeed exist but since their energy is so small, we’d need
equipment sensitive enough to measure them. We’d likely have to delve into very specialized
equipment, and a discipline called quantum metrology.
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