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Quantum Mechanics and its Applications in Technology
Quantum mechanics theorises a number of seemingly counter intuitive principles; that movement at the atomic level is inherently random, that energy can be quantised to a discrete and non-divisible value – that, importantly, light and electromagnetic radiation appear to have the properties of both waves and particles under different circumstances: experiments involving electromagnetic radiation can be explained with relation to both classical physics and quantum interpretations.
In recent years scientists have proposed an increasing number of technological advances, based on quantum theory: these range from quantum computers to hugely accurate gravitational probes. I aim to explore some of the fundamental principles of quantum mechanics, and show how they can be applied to numerous theoretical technologies.

 

Planck and the Quantisation of Energy
 

In the early 1900s, Max Planck proposed that energy can be a discrete value. As a solution to the problem of black-body radiation and how its energy is related to its intensity and wavelength, he proposed the following formula, where E is the energy of the photon, f is the frequency and h is Planck's constant:

 

E = hf
 

Planck's experimental results verified this to a very good degree of accuracy, however it implies a number of caveats. This equation suggests that at a constant frequency, the photons' energy could only ever be a multiple of h - in other words, their energy is quantized, and is a discrete value rather than a continuous one. The Planck constant, 6.606 x 10-34 js, represents the amount of energy carried by a photon at 1Hz.

 

This model suggests discrete 'packets' of light; these were later described as photons.

 

The Photoelectric Effect
 

Using a wave based model, it might be assumed that given a constant stream of electromagnetic radiation, electrons in a metallic plate would eventually gain enough energy to break free from the surface. The amount of energy gained by these electrons would depend largely on the intensity of the radiation; the more radiation absorbed, the more energy the particles gain.
This interpretation does not hold true in experiments: in reality, the intensity only influences the number of electrons emitted – and it is the frequency of the light that is proportional to the particles’ energy, as Planck’s formula shows. These facts are simply demonstrated by shining red light on a metallic surface – no matter how great the intensity, no electrons are emitted.
This is characteristic of light behaving as a particle: an electron absorbs the energy from a single photon, and if this energy is greater than the work function of the material (defined as the amount of energy necessary to move an electron to immediately outside the solid's surface), the electron is emitted.

This effect is used widely in technology – a number of examples being night-vision devices and 
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