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This paper is about biomechanics, the underpinning laws of physics and the use of this knowledge in the practice of ergonomics in design.

Archimedes and other ancients

Archimedes was the ultimate empirical scientist – he is reputed to have jumped into a bathtub full of water and, when the water overflowed, he yelled “eureka”. He had just discovered one of the fundamental principles of volume. Long before Archimedes people had built boats, but apparently did not know why they floated. Archimedes was also credited with discovering the principle of moments – he is quoted as saying, “give me a lever long enough and I will move the earth.” But once again prehistoric people, who made widespread use of levers, understood the practice if not the theory. And the wheel – anyone who has pedaled up hill on a bike should be thankful for the inventor of wheels and gears, which also benefit from leverage. It is arguable that these scientists and engineers could be called ergonomists, they certainly weren’t certified ergonomists, but they clearly followed our teachings – make things to accommodate human shortcomings and increase their capabilities.

Long long ago the Ancient Brits used to sit around a table in the pub and resolve land and other disputes by arm wrestling. They discovered that stronger people usually win, but that good technique could sometimes prevail. Unfortunately, before they could put their knowledge on paper in the form of a biomechanics text, a bunch of lawyers started to make rules about arm wrestling so that only the strongest would win and that successful technique would be penalized. Somewhat later this interference was repeated when the graceful kinesiological technique of throwing the ball backwards in rugby was once again eclipsed by the American invention of the forward pass. But here there may be some sound biomechanical basis. The Ancient Celts used to jump over fences and stone walls built by the English to keep them in the mountainous periphery of the British Isles. So Hadrian, like the Chinese faced with similar insurgence, built a higher wall. Once again the upstart Americans had the answer. Fosbury invented the ugly but effective flop, enabled somewhat by the invention of sponge rubber. Dynamic moments, in similar circumstances, improved performance in the pole vault by changing the material of the pole from rigid aluminum to flexible and elastic fiberglass. Materials technology advancements have greatly enhanced the effectiveness of simple levers in games such as golf, baseball and tennis.

Ancient warriors, circus artists, and engineering students have a common interest in throwing things by using the lever principle. All you have to do is put a relatively light thing or person on the end of a long plank, which is placed over a barrel, and then drop a heavy object on the other end. There is a lot of design knowledge to be gained by experimenting with different placements of the barrel and different weights of projectiles and heights of falling objects. Before doing these instructive biomechanical experiments it is important to consult with the Institutional Review Board for the Protection of Human Subjects.

It is clear from the forgoing that play and war have been important catalysts for biomechanics research, and continue to be so. But ergonomics is about the laws of work, so the rest of this article will focus on this less exciting domain.

Anatomy

More specifically – musculo-skeletal anatomy – the control issues in human motor activity will be left for another day. All we need to focus on are bones, joints, ligaments, muscles, tendons and a few enabling structures like bursae, capsules, cartilage and sesamoid bones. Once again the principles of biological leverage were invented long before the Latin that is the daunting language of anatomy – biceps femoris, extensor carpi radialis longus and what about levator labii superioris alequae nasi? Dinosaurs learned to run, kangaroos to hop, birds to fly and fishes to swim, all without the benefit of big brains, and with grace and power. They know moments, and elasticity.

The uninitiated will explain functional anatomy by fastening two sticks together at one end and attaching a piece of string to the other ends; pulling on the string decreases the angle between the two sticks. But that is not quite how it works. Generally speaking muscles pass over more than one joint (so get three sticks) and for each muscle (piece of elastic) that passes over one side of each joint there is another over the other side. These are called agonists (prime movers) and antagonists; so when one muscle contracts the other relaxes to cause a smooth motion and to prevent damage occurring when the joint approaches the limit set by the shape of the joint surfaces, ligaments and capsules. 

A problem with 

