Light as a Particle
So far we have modelled light as a transverse wave, oscillating in a sinusoidal manner and carrying energy as it propagates.  The wave has properties such as amplitude and phase, and it travels at a velocity determined by the medium through which it is propagating.

This model, however, does not tell the whole story.  We have seen from short-exposure photographs in low light levels that there is something ‘lumpy’ about the light – it arrives in discrete ‘chunks’ or quanta.  This does not fit with our wave model – it seems that the light has certain ‘particle-like’ characteristics, despite the fact that it clearly exhibits wave-behaviour.

It seems we must revise our model to account for this.  We need a particle model of light, which allows for the quantisation we observe, and yet still behaves as a wave.  Enter the photon!

The photon is the smallest unit of light possible – a single ‘particle’ of light.  It carries an amount of energy with it, determined by its frequency.  The amount of energy carried by the photon is related to the frequency using the formula below:
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We see that the higher the frequency of the light the more energy each photon carries with it.
Try the questions below to get a feel for the equation:

1. A red laser pointer emits monochromatic light of wavelength 650nm.

a. What is the energy of each photon.

b. If the total light output of the laser pointer is 1mW, how many photons are emitted each second?

2. A green laser pointer emits monochromatic light of wavelength 532nm.  The power output is also 1mW.  Does the laser pointer have to emit more or less photons in order to achieve the same power output?  Use a calculation to support your answer, and explain your reasoning.
3. A sodium lamp has a total light power output of 40W.  If the lamp emits 1.185×1020 photons each second, what is the wavelength of the light emitted?  Give your answer to the nearest nanometre.

So, we know that light arrives in these discrete ‘quanta’ and that the energy carried by each photon can be found using Planck’s equation.  The model seems simple enough, but what does frequency mean in this context?  The concept of “frequency” is familiar for a wave, but how do we define frequency for a particle?

Here we must look back to the simple “phasor” model of light we met in Chapter 6.  You should remember that the phasor tells us the instantaneous displacement of the wave, and the rate of phasor rotation is equal to the frequency of the wave.
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As the photon moves along its path the phase is changing in a cyclic manner.  The ‘frequency’ is simply the rate of rotation of the phasor arrow.  Similarly, the wavelength is the distance travelled by the photon during one complete rotation of the phasor arrow.
Try these questions to get some practice with phasors.  Remember that the speed of light is 3×108 ms-1.

1. A visible light photon of frequency 6×1014 Hz follows a path of length 15m.

a. How long does the photon take to travel this distance?

b. How many rotations does the phasor perform in this time?
c. The phasor arrow starts off like this →.  Draw the phasor arrow at the end of the path.
2. A radio photon of frequency 50MHz follows a path of length 49.5m.

a. How long does the photon take to travel this distance?
b. How many rotations does the phasor perform in this time?

c. The phasor arrow starts of like this →.  Draw the phasor arrow at the end of its path
� EMBED Equation.3  ���





Where:


E = energy carried by the photon


h = Planck’s Constant, 6.63×10-34 J∙s


f = frequency of the incident light
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