A profound category of modern science is the study of quantum phenomena. On the quantum level, our rigid laws of nature we are accustomed to break down: particles diffract and disappear seemingly randomly, going against the rules we have established over centuries of physics. Many have tried to make sense out of this confusion, one such man being Werner Heisenberg. He forged new ways of thinking about quantum mechanics, especially during his time at the Niels Bohr Institute at Copenhagen.

The Heisenberg Uncertainty Principle generally states that both the momentum and position of a particle cannot be known to the same precision, that is to say that you cannot know the precise position of a particle and its precise momentum at one moment in time. The statement relies on the nature of particles to be similar to those of waves – wave-particle duality.
The place where the wave is concentrated is said to be a particles position; its momentum is proportional to its wavelength. A “perfect particle” is said to be concentrated at a single point (with zero wavelength). Conversely, a “perfect wave” would be spread out along an infinite line oscillating periodically over the whole of space. Objects we view are neither perfect waves nor particles, and so Heisenberg’s principle seems to apply to the situations we face when trying to observe the momentum or position of a particle, as it is neither perfectly concentrated, nor infinitely extending. If we try to increase the accuracy of one, we in turn make it harder to find another.
It was found that this principle has a limiting effect on it however, as Heisenberg found that the both the properties on momentum and position are directly proportional to the value of Planck’s constant. Planck’s constant always finds its way into equations relating quantum phenomena, and the uncertainty principle is no exception! Heisenberg worked on his theory in 1926 while pioneering in a new form of quantum mechanics, where it was found that particles and waves were related. The scientist De Broglie had established this link by proclaiming that a particles momentum was inversely proportional to its wavelength. Heisenberg used this idea in his celebrated paper in 1927, where he showed that:[image: image2.png]AxAp % h



. Where x is the position of the particle, [image: image4.png]


 is its momentum and h is Planck’s constant.
This equation is simple and it was what Heisenberg wanted. Instead of focusing on the mathematical side of the principle, he concentrated on understanding the aspect of this natural phenomenon.
However, the idea did not come without criticism. Many felt Heisenberg’s principle dealt with ideas too far from the reality we know. Rather than concentrating on finding ways of fitting realistic models of particles or waves to theories, he simply provided a means of calculating experimental results. The principle also created large debates amongst the great scientists such as Einstein and Bohr, who argued on probability distributions of data.

Aside from the conflict however, Heisenberg had created a new way of looking at the seemingly random, creating a sense of structure, however small, to the random world of quantum mechanics.
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