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Sir George Cayley, 6th Baronet (December 27, 1773 – December 15, 1857), sometimes known as "the father of Aerodynamics", was a prolific English engineer from Brompton-by-Sawdon, near Scarborough in Yorkshire. He was a pioneer of aeronautical engineering, though he worked over half a century before the development of powered flight. He served for the Whig party as Member of Parliament for Scarborough from 1832 to 1835, and helped found the 'Royal Polytechnic Institution' (now University of Westminster), serving as its chairman for many years. He was a founding member of the British Association for the Advancement of Science and was a distant cousin of the mathematician Arthur Cayley.
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General engineering projects
Cayley inherited Brompton Hall and its estates on the death of his father, the 5th baronet. Captured by the optimism of the times, he engaged in a wide variety of engineering projects. Among the many things that he developed are self-righting lifeboats, tension-spoke wheels, the "Universal Railway" (his term for caterpillar tractors), automatic signals for railway crossings, seat belts, small scale helicopters, and a kind of prototypical internal combustion engine fuelled by gunpowder. He also contributed in the fields of prosthetics, air engines, electricity, theatre architecture, ballistics, optics and land reclamation.

Flying machines




He is mainly remembered, however, for his flying machines, including the working, piloted glider that he designed and built. The recent (2007) discovery of cartoons in Cayley's school notebooks (held in the archive of the Royal Aeronautical Society Library in London, England) reveal that even at school Cayley was developing his ideas on the theories of flight. It has been claimed that these images indicate Cayley having modelled the principles of a lift-generating inclined plane as early as 1792. To measure the drag on objects at different speeds and angles of attack, he later built a "whirling-arm apparatus" - a development of earlier work into ballistics and air resistance. He also experimented with rotating wing sections of various forms in the stairwells at Brompton Hall. These scientific experiments led him to develop an efficient cambered airfoil and to identify the four vector forces that influence an aircraft: thrust, lift, drag, and gravity. He discovered the importance of dihedral for lateral stability in flight, and deliberately set the centre of gravity of many of his models well below the wings for this reason; these mechanics affect the growth of hang gliders. Investigating many other theoretical aspects of flight, many now acknowledge him as the first aeronautical engineer.

By 1804 his model gliders appeared similar to modern aircraft: a pair of large monoplane wings towards the front, with a smaller tailplane at the back comprising horizontal stabilisers and a vertical fin. During some point prior to 1849 he designed and built a triplane powered with 'flappers' in which an unknown ten-year-old boy flew. Later, with the continued assistance of his grandson George John Cayley and his resident engineer Thomas Vick, he developed a larger scale glider (also probably fitted with 'flappers') which flew across Brompton Dale in 1853. The first adult aviator has been claimed to be either Cayley's coachman, footman or butler: one source (Gibbs-Smith) has suggested that it was John Appleby, a Cayley employee - however there is no definitive evidence to fully identify the pilot. An obscure entry in volume IX of the 8th Encyclopaedia Britannica of 1855 is the most contemporaneous account with any authority regarding the event.

A replica of the machine was flown at the original site in Brompton Dale in 1974 and in the mid 1980s by Derek Piggott. Another replica flew there in 2003, first piloted by Allan McWhirter and later by Richard Branson.

Sir George Cayley, born in 1773, is sometimes called the 'Father of Aviation'. A pioneer in his field, he is credited with the first major breakthrough in heavier-than-air flight. 

Cayley literally has two great spurts of aeronautical creativity, separated by years during which he did little with the subject. 

He was the first to identify the four aerodynamic forces of flight and weight, lift, drag, and thrust and their relationship and also the first to build a successful human-carrying glider. 

Cayley described many of the concepts and elements of the modern airplane and was the first to understand and explain in engineering terms the concepts of lift and thrust. Before him, researchers thought that the propulsion system should generate both lift and forward motion at the same time, as birds were able to do. So they constructed their flying machines with flapping wings (called ornithopters) to resemble the motion of birds. Cayley realized that the propulsion system should generate thrust but that the wings should be shaped so as to create lift. Finally, Cayley was the first investigator to apply the research methods and tools of science and engineering to the solution of the problems of flight. 

In his experiments, Cayley would first test his ideas with small models and then gradually progress to full-scale demonstrations. He also kept meticulous records of his observations. One of his first experiments as a young man was to build a small helicopter model. This toy was rooted deep in European history. The earliest ancestors of the device date to the 14th century. Cayley was inspired by a version developed in 1784 by the Frenchmen Launoy and Bienvenu. It had two rotors consisting of feathers stuck in corks and was driven by a string from a bow. 

The design demonstrated an understanding of how a propeller worked. It also addressed Cayley's interest in finding a means of powering an aircraft. He attempted to use an engine fuelled by gunpowder but it was unreliable. His inability to find a means of propulsion caused him to revert temporarily to Leonardo da Vinci's concept of using flapping wings as a means of propulsion. This resulted in his 1843 convertiplane model called the Aerial Carriage. Cayley reverted to ornithoptering propulsion and vertical flight ideas on several occasions in his career. 
In 1799, Cayley designed a configuration that was basically in the form of a modern airplane with a fuselage and wings. Etched on a silver disk this design bears a close relationship to the modern flying machines of more than a century later. On one side of the disc he showed the forces that govern flight. On the reverse side, he engraved an aircraft that illustrated how those forces operated. 

It had a fixed main wing, a fuselage, a cruciform tail unit with surfaces for vertical and horizontal control, a cockpit for the pilot, and a rudimentary means of propulsion that consisted of revolving vanes, a precursor to the propeller. Thus, one hundred years before the Wright brothers flew their glider, Cayley had established the basic principles and configuration of the modern airplane, complete with fixed wings, fuselage, and a tail unit with elevators and rudder, and had constructed a series of models to demonstrate his ideas. 

Experiments that he began to carry out in 1804 allowed him to learn more about aerodynamics and wing structures using a whirling arm device. He observed that birds soared long distances by simply twisting their arched wing surfaces and deduced that fixed-wing machines would fly if the wings were cambered. This was the first scientific testing of airfoils, the part of the aircraft that is designed to produce lift. 

After these experiments, he constructed what is considered to be the first real airplane in history. This glider, which was basically a kite on top of pole, was about 5 feet (1.5 meters) long, with a fixed wing set at an angle of incidence of 6 degrees and a cruciform tail that was attached to the fuselage by universal joints. Movable ballast controlled the centre of gravity. After this model successfully flew, Cayley designed a larger model glider with rigid wings. 

By 1808, Cayley had constructed a glider with a wing area of almost 300 square feet (28 square meters). By the middle of 1809, Cayley had investigated the improved lifting capacities of cambered wings, the movement of the centre of pressure, longitudinal stability, and the concept of streamlining. He demonstrated the use of inclined, rigid wings to provide lift and roll stability, and the use of a rudder steering control. He even came to realize that an area of low pressure is formed above the wing. By 1809, he had advanced from model gliders to the building and successful flying of a glider with a total wing area of approximately 172 square feet (18.5 square meters). 

Soon after, Cayley published a paper, On Aerial Navigation (1809-1810), which appeared in Nicholson's Journal of Natural Philosophy, Chemistry and the Arts. In this paper, he laid out the basis for the study of aerodynamics. However, this work was not known and acknowledged for some years. 

After having built several models (with an interruption to explore the possibility of an Aerial Carriage of 1843), Cayley concentrated on experiments with full-size gliders. He built his first full-size glider in 1849 and initially carried out trials with ballast. Later that year, the ten-year-old son of one his servants became the first person in history to fly when he made a short flight in a Cayley glider. 

Four years later, in 1853 and fifty years before the first powered flight was made at Kitty Hawk, North Carolina, Cayley built a triplane glider (a glider with three horizontal wing structures) that carried his coachman 900 feet (275 meters) across Brompton Dale in the north of England before crashing. It was the first recorded flight by an adult in an aircraft. 

Throughout his long career, Cayley recognized and searched for solutions to the basic problems of flight. These included the ratio of lift to wing area, determination of the centre of wing pressure, the importance of streamlined shapes, the recognition that a tail assembly was essential to stability and control, the concept of a braced biplane structure for strength, the concept of a wheeled undercarriage, and the need for a lightweight source of power. Cayley correctly predicted that sustained flight would not occur until a lightweight engine was developed to provide adequate thrust and lift, an event that did not take place until the flight of Orville and Wilbur Wright in 1903.
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