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“Many of Leonardo’s manuscripts on human anatomy are in the possession of Messer Francesco Melzi, gentleman of Milan, who in the time of Leonardo was a very beautiful boy, and much loved by him, just as today he is a handsome and courteous old man. He cherishes and preserves these writings as it they were relics, as well as the portrait which is a happy memory of Leonardo.”





LIVES OF ARTISTS, 1568 edition, Giorgio Vasari

PREFACE


The germ of an idea for a novel, which would explore the inventions of Leonardo da Vinci as if they were really built and worked in his lifetime, began to germinate over twenty years ago. I was learning about the vast ocean of air, as Leonardo called the sky, as a student pilot.


Like Leonardo, I too, built an aircraft. His didn’t fly, mine did and I learned to fly in it. I have experienced most every type of flight in powered aircraft and sailplanes, so when I describe Francesco Melzi’s experiences in Leonardo’s great bird, those events really happened to me.

 I did not drop poison gas on anyone, like Francesco. I did take part in a flower-bombing contest once, but FAA regulations prohibit routinely dropping things out of private aircraft. 

I have been an aviation writer and photographer for over thirty years and watched the growth of the ultralight aircraft from an oversized model aircraft, to well constructed machines capable of flying over the rocky Mountains, at least if you dress warmly.


Leonardo anticipated the hang glider, even made drawings of a delta shaped wing with a pilot suspended underneath. But he tried to emulate bird flight, which has been achieved today, more as a stunt than a practicable method of travel.


Had he gone beyond ornithopters and experimented with gliders, he might have achieved true flight in the 15th century.

19th century aviation pioneers like Otto Lilienthal used hang gliders to fly, but killed himself in his own glider.  The Wright Brothers studied all of the efforts of previous pioneers of flight, even Leonardo’s. They had to invent the wind tunnel to invent the heavier than air flying machine.
 Hot air balloons were flown in the 1780s in Paris by the Montgolfier brothers. The French photographer, Nadar, routinely made flights in hot air balloons over Paris in the 1860s taking aerial photos of the city.

During the American Civil War, both Union and Confederate forces used tethered hot air balloons for aerial surveillance. 
Flying a weight shift controlled flying wing ultra light aircraft takes skill, but to maneuver, climb and turn, and fly cross country, requires control of the three axis of flight, roll, pitch and yaw and a power plant. Some ultra lights have all that, plus a radio and flight instruments. 


There is a vast difference between gliders and sailplanes. A glider can sustain flight, even catch a wave on a rising column of air, but a sailplane can go for long distances. The altitude record for a sailplane is 40,000 feet, riding a standing wave that exists on the lee side of the Rocky Mountains.


On a warm spring day in Arizona, a sailplane can pick up very powerful thermals that will accelerate the sailplane vertically to 60 miles an hour, straight and level.


Had Leonardo been able to call a conference of aeronautical designers together in 1500, they might have designed a working ultra light aircraft. Unfortunately, no one in the entire world was designing flying machines in 1500 AD.


So why write a novel about flight or steam ships that might have been made in the 16th century? It’s a fiction, to be sure, but even fiction is an art form. And art informs us in ways that conventional history may not.


Jules Vern’s fantastic stories written in the 19th century are based on the ideas of Leonardo da Vinci. The first comprehensive effort to collect and organize his notes began then. Leonardo’s notes had been scattered and vandalized after Francesco Melzi died. Of the more than 13,000 pages of notes which historian think Leonardo compiled, around 5000 survive. 
What has been lost? One can only speculate. Rocket powered cars? Travel to the moon? 


A thorough study of the three chapters on flight by Leonardo reveals the remarkable insights he achieved by studying bird flight.  His observations of bird flight were augmented by actually constructing a flying machine and probably models.


The monk Roger Bacon visualized a flying machine in the 13th century.  Leonardo built one for Gian Antonio di Mariolo from Fiesole.  Leonardo attempted to fly in 1494 at Mount Crecci near Fiesole, in an ornithopter. Had he built a hang glider using his airframe based on the bat, he might have been successful.


Time after time in the BOOK OF FLIGHT and BOOK OF THE FLYING MACHINE, Leonardo makes tantalizing observations, which suggest he understood more about flight than he is given credit for. 

WHAT LEONARDO DESCRIBED AND UNDERSTOOD

* Ground speed versus airspeed.


 Leonardo describes the difference between ground speed and air speed, plus wind velocity.

* Spoilers.

 He understood that birds had to kill lift by spreading their primary flight feathers. His solution is shutters. In fact, you can turn an aircraft with spoilers. Watch a modern airliner at cruise. The high lift devices on an airliner’s wings, such as Fowler flaps and leading edge slots are exactly what Leonardo advocated. Signor Mariolo wanted none of that on his flying machine. He specified no “shutters”.

* Rudder.

 Leonardo described a bird’s tail as a rudder or helm. He also described the effect of a longer moment arm as producing a more rapid response from the flying machine’s tail section.

*Leonardo understood lift.


He described lift as wedge that caused a bird’s wing to rise. We would call it pressure differential because of atmospheric pressure pushing up on the underside of a wing. Air traveling over the top of a wing must travel further than air on the bottom, so the pressure on the bottom is greater. Leonardo described this phenomenon in 16th century language.

*Airfoil.

 Leonardo’s bat winged flying machine has undercamber ( the bottom of the wing has a concave curve) and would have made a great glider.

* Critical angle of attack.


 This is the point at which a wing stalls. Leonardo described this in bird flight, but he had no way to measure it. Pilots today have stall warning horns and tail shakers, which let you know when a wing is coming unglued
*Rudder pedals.
 Leonardo called them “stirrups” which he adapted from the saddle.


THINGS HE DIDN’T HAVE

* Instrumentation.

 Leonardo did envision an inclinometer but it wouldn’t have worked in a flying machine, being too delicate. An inclinometer indicates angle of attack of an aircraft.
* Lightweight materials like plastic and balsa wood.

 Dr. Paul’s MaCredy’s man powered aircraft, which I saw, fly at Whitman Airfield several years ago have 90-foot wingspans but weigh only 60 pounds.  They are made of modern plastic and balsa wood, materials not available to Leonardo.(Gossamer Albatross and Gossamer Condor).

*A prime mover that is a lightweight power plant.

The Wright Brothers had to design and build their own power plant. Glenn Curtis used motorcycle engines. Leonardo used leaf steel springs to power his automatons, the mechanical lion and knight, but that wouldn’t have worked in an aircraft.
*A propeller.

 His design for a helicopter could have been turned 90 degrees and you would have had an airscrew, as a propeller was once called. The Wrights had to invent the propeller, which is a rotating wing with progressively greater angle of attack toward the hub.


OTHER INVENTONS


Leonardo describes perfectly an ironclad ship of war. He made drawings for a steam canon, which was used in the American Civil War. He invented the wheel lock mechanism for the gun, but never made it himself. He described paper cartridges that would hold measured charges of black powder and a lead ball. The British Tommy’s used them in India in the 19th century.

*The Camera.

 Leonardo made a pinhole camera or as he called it, camera obscura, dark chamber. He describes the result of passing light through a tiny aperture .He correctly observed that it would project an inverted image if directed into a dark chamber. The camera obscura was built and used in the 17th century by the painter from Delft, Holland, Johannes Vermeer but had something Leonardo’s didn’t , a lens to focus all the colors in white light to the same focal plane.
*Underwater diving gear.

 Leonardo describes how to make underwater breathing apparatus, basically a snorkel, so frogmen could attack ships underwater. 
*The tank.

 
 Leonardo says his turtle, “will replace elephants and are good for breaking a line of battle,” not that elephants were routinely used in the Italian wars from 1494 to mid 16th century. Again, he lacked a prime mover for his tank. 
The first British tanks were based on a steam powered log hauler designed in America. One sits in a museum not far from my home, in Wabena, Wisconsin. The log hauler used a steam locomotive boiler, steam chest and pistons to drive caterpillar tracks. The British powered their first tanks with steam.

Every one of the devices described in my novel could have been built in the 16th century. But metallurgy was still emerging from the Middle Ages. Cannons were still cast in bronze, not iron. Bombards lofted three hundred pound stones to break down city walls. Hand cannons in the 15th century AD, used slow burning fuses, called serpentines, to ignite the black powder charge they had rammed into the muzzle and which would propel a lead ball. They had no stocks and sometimes burst, killing the harquebusier. Although Leonardo designed a wheel lock pistol, he never made one.



ART TECHNOLOGY,


Art technology hasn’t changed much in 2000 years. The Greeks used egg temper and hot wax (encaustic) to paint portraits and artists today still use these materials. The Greeks also practiced true fresco (buon fresco), which isn’t done much anymore but proved to be Leonardo’s Achilles’ heel.


Had he painted on linen (not canvas, which is cotton, a New World crop), his two great murals, the Battle of Anghiari and Cennacola (Last Supper) would still be in good shape. He was not temperamentally suited to true fresco, which requires one to paint with the speed of a maniac. Michelangelo could do this. Leonardo’s training did not include true fresco. His master, Andrea del Verrocchio did not use it.


Leonardo visited Venice in 1500 and influenced the art of Giorgione and perhaps Titian, but they apparently didn’t convince him to work on linen like they did. The paintings of both are in good condition today in the Doge’s palace in Venice.


My description of oil paint techniques is the result of using it for forty years and researching a history of pigment. When I was a graduate student at the University of Wisconsin, Madison in the early 1960s we used primers, grounds and oil painting techniques that hadn’t changed since the Renaissance. We didn’t skin our own rabbits but we did make our own gesso from chalk (calcium carbonate) and used white lead as a ground (now illegal).


Leonardo was a unique individual in the history of art and technology. Self taught, he has been described as the “most curious man that ever lived”. He taught himself Latin, picked the brains of the Florentine physician, mathematician and cartographer, Paolo dal Pozzo Toscanelli and was a friend of Fra Luca Pacioli, author of “Divina Proportione”, for whom he drew his famous Vitruvian man.
Leonardo was not a scientist in the modern sense but he, among all the geniuses of the Italian Renaissance, was the only individual with the vision to pursue almost every field of human exploration which later would be investigated by specialists. He studied hydrology, geology, and astronomy. He dissected a number of human cadavers and made extensive drawings of the human body which still are being worked over by anatomists today. He explored the behavior of fluids, specifically air and water, complex geometric forms with Fra Pacioli, designed fantastic weapons which have actually been made in the last hundred years and painted some of the most beautiful paintings of the Italian Renaissance. 


 I hope you enjoy this trip through an Italian Renaissance that might have happened. As for Francesco Melzi, yes, there really was a young man named Giovanni Francesco Melzi who was Leonardo’s private secretary, confidante and assistant. He married the most beautiful countess in Milan, Angiola Landriani and they had eight children or no children, depending on which source you read.




Professor James LaMalfa
