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The name Hayo Myazaki would surely be found in any very short list of finalists for the title of ‘the director of the finest long form anime’. For nearly twenty five years his name has been inseparable from that of Studio Ghibli. Flying scenes are among the most demanding to animate, but many of Myazaki’s films have skies filled with flying machines both realistic and fanciful. Reality is the foundation of artistic inspiration, as we view his wondrous creations high in the skies of Myazakiland, from time to time we shall glance down on the achievements of the science and technology of flight. 
Today an aeroplane is a computer designed, pressurized metal sausage rammed full of economy class meat flying dangerously low over the bottom line; and a pilot is an aging supermarket clerk whose pension fund was looted by corporate lawyers. Myazaki takes us back to a time when flying was new and still had the power to astonish. No one knew what would fly, or how well it would fly if it did. An aeroplane was an expression of its designer’s personal creativity and imagination, and a pilot was a daring adventurer fulfilling an ancient dream of mankind by exploring a new dimension, the third, for the first time.

Our aeroplane is standing by on the landing field, so we must not be tardy. Before us awaits a very real aircraft, a Handley Page 42. Hanno and its sister aircraft were among the first true airliners. They were vast biplanes with an upper wing extending out over the lower wing. But they had flight decks, rather than mere cockpits, and her passengers travelled in comfort inside a stressed metal fuselage. For ten years before the Second World War they carried their 38 passengers in complete safety through the skies of Europe and British Empire. 

An airliner than could only be a Handley Page 42 nearly collides with Kiki at the start of that film. But the aircraft that flies the painted skies of anime has wings that are more or less the same length, and sports and an extra strut. The artists of studio Ghibli are not aeronautical engineers, and are not particularly concerned with the nuts and bolts of making a machine fly. They are story tellers portraying the very essence of flight itself.  

“Ladies and Gentlemen, we hope you are enjoying your flight today with Imperial Airways.  We have now entered Myazakiland airspace.  Please do not be alarmed by the passing dragons you may see out of the windows.”

The airports of the nineteen thirties had small cramped landing fields. All land based aircraft had to have short take off and landing runs, which is why our Handley Page 42 is a biplane with a low wing loading of 48 kg per square meter and a leisurely cruising speed 125 miles an hour. The conventional wisdom between the world wars was that only flying boats or airships could provide transoceanic air services.
Not surprisingly, Myazaki portrays a flying boat carrying tourists over the pirate infested Adriatic Sea during the film Porcco Rosso. That film is set in the decade following the First World War and passengers of the time who wished to cross the Atlantic Ocean expected to embark aboard an ocean liner from ports like Southampton, New York or Cherbourg. Those ports offered a budding airline all the terminal facilities and railway connections it could wish for, and the harbour provided flying boats with unlimited runway space.
The most famous symbol of this belief in the future of the flying boat is the Schneider trophy. It was donated by the son of a French industrialist before the First World War and can now be seen in the Science Museum in London. For 20 years the Schneider trophy races were a flying parallel to the America’s cup yacht races. At first the world’s fastest flying boats and seaplanes competed annually for national glory around a closed course. After 1925 the races were held every two years. Over the span of less than 20 years the speed of the winning aircraft rose from 45 miles per hour to no less than 340 miles per hour. By the rules of the competition a nation that won the trophy three times in succession would hold it in perpetuity. A forerunner of the Spitfire fighter finally beat off the international competition and today the Schneider Trophy can be seen in the Science Museum in London. 
The film Porcco Rosso is a tribute to the men and machines of that era, and realistically depicts aeroplanes that once spread their wings in skies of this world. Marco, who becomes the crimson pig, flew a Macci M-5 fighter flying boat for the Italian air force during the Great War, and his friend and hotel owner Gina flies a two seat version of the Macci M-7. An M-7 bis came third in the Schneider Trophy race of 1921.   
The pirates of the Mama Uiuto gang fly a plane called the Guppy.  It is clearly a pirate aircraft, and not just because it has large skulls painted on the wings. If you have ever watched a ghost free film of 18th century Caribbean piracy, no doubt, you have seen the scene when the officer of the watch of an honest vessel, after spying a distant sail, lowers his telescope, turns to his captain and says: “She looks like a pirate vessel Captain”.  How could he tell?  Pirates only hoisted the Jolly Roger at close range as a warning to surrender. Pirates could not simply sail into harbour and buy the necessary items to refit their ships from the nearest chandlers.  They had to make do with whatever they could more or less forcefully lay their hands on. Pirate vessels quickly became seagoing examples of ingenuity and improvisation, and they were rigged for speed. 

The Guppy is a twentieth century example of piratical making do. The front two thirds of the flying boat is the fuselage, wings and engines of a Latecoere 381 flying boat, but the pirates have crudely strapped what looks like an oil cooler to the engine block. An oil cooler extends the time an engine can run a full speed without overheating and seizing up. Heaven alone knows where the pirates found their aircraft’s twin tail. No doubt Myazaki’s artists dreamed up that tail to give Porcco an opportunity to shoot half of it away, while still leaving the hapless pirate at the controls of the Guppy a chance of making a crash landing. Destroy the single tail of a real Latecoere 381 and the aircraft would simply flip onto its back and dive straight into the ocean....end of movie! 
Porcco himself flies a monoplane flying boat he calls an S-21, but a real Savoia S-21 was a biplane with backward facing pusher propeller, and its pilot sat in front of the wing and the engine, not behind it. The aircraft Porcco flies is based on the Macci M 33; a racing flying boat that came third in the Schneider Trophy race of 1925. For the film it has been modified for combat. The nose has been enlarged to accommodate a pair of machine guns, or Fio’s butt. The heavier nose could cause the aircraft to yaw from side to side, so the tail is also larger to compensate. The floats are closer to the fuselage. This would improve the aeroplane’s roll response to the ailerons, but could make landing and takeoff tricky.

In the film Porcco’s plane is matched against an American Curtiss R3J, a modified version of the R3C seaplane that won the Schneider trophy in 1925. A British entry came second that year. The R3J is also armed with a pair of machine guns, and being a pirate seaplane it has an oil cooler mounted below the engine. 
In the film the pilot of the R3J is an unsympathetic character also called Curtiss. A skilled and honourable pilot in the air, on the ground he is a pushy, ill mannered, loud, womanising Yank. It is not surprising that Myazaki would choose to portray the pilot of the Curtiss this way. The pilot of the real R3C, and winner of the Schneider Trophy was a certain Lieutenant Doolittle. In later life colonel Jimmy Doolittle is famous for leading the flight of light bombers that daringly took off from carriers stationed in the North Pacific to make the first bombing raid on Tokyo of World War 2. Although the damage they inflicted was slight compared with the B-san (B29) raids at the end of the war, the impact on Japanese society was incalculable. Yamato’s imperial virginity had been thoroughly violated by a barbaric American!
I see the Italian Navy approaching and it is time to move on. But, before we leave the flying boats plying their warm Adriatic skies, in case anyone thinks that the artists of Ghibli were smoking something potent when they dreamed up Catamaran flying boats, the Savoia S-55 was a catamaran flying boat used by the Italian forces.

If future skies were not to be ruled by the flying boat, then, during the nineteen twenties, it seemed they would be certainly be filled with airships. Indeed, airships sail the skies of Myazakiland. The first can be seen as a picture hanging from the wall of Putzo’s house in the film Laputa. The airship depicted is clearly Studio Ghibli’s tribute to the world’s first modern aircraft. The airship from which Putzo’s father photographed the floating island has a covered gondola and her propeller is mounted on the wrong end, but otherwise she is a copy of Alberto Santos Dumont’s little number 6. More than two years before the Wright brothers’ flyer staggered into the air for little more than a hundred yards the little Number Six rose one morning from a field in suburban Paris. Half an hour later it returned having circled the Eifel Tower, thereby wining a handsome prize of 100,000 francs for its owner, designer and pilot. He, however,  soon recognised that airships were going to be an aeronautical dead end and turned his efforts to designing aeroplanes. His 14 bis has the distinction of holding the first officially recognised world air speed record. 
The pressure of the hydrogen in the envelope of number 6 forced it into its aerodynamic shape. One of Alberto’s innovations was the ballonet, a small bag inside the main bag. This could be filled with air if hydrogen escaped and the airship began to sag. At the same time in Germany Count Zeppelin was developing the airships that still popularly carry his name. His airships had a light weight cigar shaped metal frame covered with fabric. Gas bags were hung inside this space and then filled with hydrogen. 
A Zeppelin airship cannot lose its shape if the gas leaks away, while blimps like the Number Six simply collapse into a pile of fabric. The word “blimp” came out of the bureaucracy of the British Royal Navy during the First World War. The Navy had airships of both types. Airships with a frame were registered as ‘rigid’ airships, while gas bags or non-rigid airships were ‘limp’. Naval clerks then filed the limp airships according to type in alphabetical order. There were A-limp airships, B-limp airships, C-limp airships and so on. Hence our word blimp’s two meanings: a non-rigid airship, and a bureaucratic gas bag. 
We can find a spectacular rigid airship sailing the skies of Myazakiland in the film ‘Kiki’. The ‘Spirit of Freedom’ is clearly copied from one of Count Zeppelin’s early designs. Like the ‘Spirit of Freedom’ his early airships had a cylindrical middle section. This was easy to build, but induces drag and wastes fuel. All rigid airships built after the First World War had a fully aerodynamic stretched tear drop shape. The Spirit of Freedom could be a sister craft to Count Zeppelin’s Viktoria Louise and Schwaben. Those two airships carried more than 100,000 passengers on tourist flights over Germany before the Great War. 

Airships are designed to be buoyant. Unlike an aeroplane they do not have to burn fuel simply to stay in the air, so early airships had much longer ranges and endurance than contemporary aeroplanes. Airships were elegantly crossing oceans while flying boats hopped still from island harbour to island harbour. Alas, airships turned out to be big, lightly built, floaty things. They were fragile in the air, and downright dangerous near the ground.
A crew of several hundred men was needed to walk a large airship from its hanger and to bring down to land. Even when she was safely moored an airship could find itself in the most embarrassing situations. In 1927 a weather front struck the airship USS Los Angeles while she was at her mast. The crew failed to move ballast to the tail in time, and up it went. The airship rose through 45 degrees to the horizontal, then 60 degrees and eventually the tail was pointing to the zenith. The airship was finally restored to its proper attitude without serious damage, even though her contents, including the crew, had been thoroughly blended during the incident. Her sister ship the U.S.S. Macon was not so lucky when she was struck by a change in the weather at the mooring mast. That time the airship’s tail dropped suddenly and was badly damaged when it struck the ground.

In ‘Kiki’ the ‘Spirit of Freedom’ is seen on television with a damaged tail and engine gondola as her tail rises high in the air. Worse is yet to follow. A squall comes in from the sea and the airship breaks free of her moorings. If you should ever happen to be part of the ground crew of a large balloon or dirigible never forget one cardinal rule: If your foot comes off the ground, even by so much as a centimetre: Let go of the rope! Forget the balloon! Forget the other members of the crew! A large dirigible can easily lift a person hundreds of feet into the air. Alas, Kiki’s friend Tomo hangs on to his rope as the Spirit of Freedom rises and he is dragged up into the sky, only to end up hanging for dear life over the town square. 

This is not fiction. In 1932 the large airship the U.S.S. Akron was coming into land at the San Diego naval base when a squall blew in from the sea. The ground crew was inexperienced, and four sailors clinging a bow rope were carried aloft. One sailor managed to climb the rope into the airship, but one by one his crew mates lost their grip and plummeted several hundred feet to their deaths. The event was captured by a news camera, and even today is sobering viewing.
We should not leave the realm of the airship on a sombre note, for another airship voyages over Myazakiland through the skies of the film ‘Laputa’. The Tiger Moth is clearly another pirate craft that has been assembled from a most unlikely collection of spare parts. Her design owes more to ingenuity than aerodynamic excellence. The crow’s nest on the top of the gas bag can be detached as a kite to soar on the end of a line above the clouds. Bomb aimers were lowered in small cars from Zeppelins cruising through the clouds during the First World War. One can be seen in action during Howard Hughes notorious film “Hell’s Angels”. During the Second World War sailors looking for allied convoys flew small unpowered autogyros towed behind surfaced U-boats.

The Tiger Moth’s gas bag is rather small, but since the rocks of the planet of Laputa are veined by levitation stone, perhaps those rocks emit a gas that is even more buoyant than hydrogen. In any case the gas bag of the Tiger moth need not be as large as that of a conventional dirigible, because the Tiger Moth is a hybrid airship. She has short a pair of stubby wings that can be tilted. Maybe 80% of her weight would be carried by the gas bag, so if her motors were not running she would rest firmly on the ground. She would not need the large ground crews required by conventional airships. The Tiger Moth would take off and land like an aeroplane. As she gained forward speed the wings would lift the remaining 20% of her weight as she rose into the air. 

The Hybrid airship has been a theoretical concept for many decades. In 2007 the famous Lockheed Skunk Works unveiled its prototype P 791 hybrid airship. A promotion video showing her flying can be seen on YouTube. The P791 does not have wings. Instead the gasbag is shaped to act as a short, very fat wing that will generate more lift at low airspeeds than conventional wings. She lands on four hovercraft lift pads that may be reversible to suck the craft onto the runway. Lockheed is said to be considering commercial applications for a scaled up P791. 
The airship are left behind as the skies of Myazaki land cloud over and darken as we witness the Tolmekian invasion fleet landing in Nausicaa’s Valley of the Winds. The film Nausicaa is set in the future a thousand years hence, long after our industrial civilization has collapsed. The remnants of humanity live in small warring states around a spreading toxic swap, the Sea of Decay. Their technology is a weird compound of poorly remembered fragments of our ancient and lethal mastery of nature. Armies use tanks, muskets and swords and bucklers. The craft of flight may have not been forgotten, but its science has clearly been lost. 

The Tolmekian air transports are large, slow flying and crudely built. None the less, they bristle with guns, can take off and fly using some form of rocket propulsion, and are able to transport a tank or a century of infantry. Tolmekia is an aggressive, reactionary aristocratic state that could not have designed such a craft without drawing on some dimly recalled folk memory of a war machine of our time.
Both sides in the European theatre of the Second World War made extensive use of gliders. At night gliders were towed over enemy lines to be released and slip silently and steeply into small fields that powered aircraft could not use. Mass produced gliders were so cheap that they could be simply abandoned on the battlefield. Early in the war the Germans decided that they would need a glider that could carry a tank as part of their aerial invasion fleet of Great Britain. In 14 weeks the Messerschmitt Company designed and built the first Me 321 ‘Gigant’. It was a huge, fabric covered, wood and steel framed glider that could carry 200 fully armed troops, a Flak (anti-aircraft) battery or a medium tank.
After they had built this monster Germans realised they had forgotten something. They had no plane powerful enough to tow a fully loaded Gigant into the air. The German’s largest four engine transport could only pull the Gigant into the air if four liquid fuelled rockets under the Gigant’s wings fired during takeoff. The Gigant’s maiden flight can be seen on YouTube. Lacking a suitable tug, the Germans then devised the ‘Troika Schlepp’. Three Me110 twin engine fighters took off in formation, all towing one Gigant into the air. The mere thought of this arrangement is enough to give pilots nightmares. So many things can, and did go wrong, sometimes with fatal results.
Eventually the Germans cobbled together tug for the Gigant by joining two He111 twin engine bombers with a common wing carrying an extra engine. Known as the He111Z (zwilling or twin) this bizarre aircraft was eventually seen towing its huge flying barge over the eastern front during the Axis invasion of the Soviet Union. 

You would think that the Germans had had enough, but they are an ernst folk, and once started they find it hard to stop. Firstly they added four engines to a Gigant and then six. The Gigant’s original skids were replaced by a very Tolmekian looking ten wheel fixed undercarriage. Five machine guns for defence completed the world’s largest transport aircraft the Me323. Its first task was to fly supplies to the Afrika Corps to Tunisia. The army promptly dubbed the Me323 the ‘sticking plaster bomber.’ Allied fighter pilots called it lunch. It was a large, poorly defended, target flying at 125 miles an hour. There is a scene in Nausicaa when, as the Tolmekian air fleet is shot to pieces by a single Petchian fighter, hostages from the Valley of the Winds are shocked by the fragility the Tolmekian aircraft. The artists of Ghibli simply cut and pasted this scene from the history of the Second World War. 
Despite its limited success the Me323 became the direct ancestor of every modern military transport aircraft: the C-17, the C-5, and the Jumbo jet, the Boeing 747, which was originally designed as a military transport. Bridging the past to a fictitious future the world’s biggest transport aircraft, the mighty Antanov AN-225 sports the inward sloping tail planes of a Tolmekian transport. 
A brief detour takes us past my favourite animated flying machine. The perfect transport for bureaucrats and secret policemen, it briefly pulses its way across the skies of “Laputa”. A corporate aircraft powered by an Argus pulse jet engine, it is ideal for transporting the shadowy organs of a police state. The Argus engine is an organ pipe with mechanical flap valve over one end. Gasoline is sprayed behind the flap, and the resulting mixture of vapour and air is ignited. There is an explosion, the flap slams shut, and a shock wave travels along and out of the tube giving thrust. Part of the energy of the shock wave is reflected by the open end of the tube as the flap opens to let in more air to mix with the spray of gasoline. The reflected shock wave compresses and detonates the mixture and the cycle repeats. Five hammer blows a second drive an Argus powered aircraft forward. The world’s first cruise missile, the infamous doodle bug, the V1 Flying Bomb, was the only aircraft to use the Argus engine. No one in their right mind would wish to pilot a V1, but the Nazis were not exactly in their right mind. 

As the allied ring closed on the Fatherland, the Germans tested a piloted V1 called the Reichenberg.  In theory its SS pilot would bail out after sending his aircraft into its final dive. Everyone involved recognised that, in practice, diving at over 400 miles an hour and with the jet intake just behind the cockpit, the Reichenburg was a suicide weapon. Hitler himself found the very concept of a suicide bomb dishonourable, and quite distasteful. Progress has made the Fuehrer’s standards seem quaintly chivalrous today.
The sky of Myazakiland has become very gloomy and so slipping the surly bonds of Earth we ascend into clear skies where dreams can come true. Animation frees us to portray that which we long to accomplish, and could, if only we knew how. Man has long dreamed of flapping his wings and flying like a bird. Frustratingly beyond our reach the birds make it look so very easy. But they have had sixty million years of practice. The mechanics of flapping or ornithoptic flight are very demanding. 
A flapping wing has to be capable of many functions at once. It has to be light, strong and flexible. It has to support the body of the bird or aircraft. It has to provide thrust and control. A bird does not simply flap its wings. Rather it pulls itself through the air like a swimmer performing the butterfly stroke. The wing is raised and thrust forward to generate aerodynamic lift, before being pulled down and back to push the bird forward, and on the return stroke air spills through the feathers. The power for flight comes from powerful chest muscles between the upper wing bone and boney ridge down the breast. In short birds fly because they have magnificent Pecs. (Bad bird pun)
Several flapping wing machines fly the skies of Myazakiland.  Putzo proudly demonstrates his toy ornithopter to Sheeta in the film ‘Laputa’. Anyone can download designs for rubber band powered model ornithopters from the World Wide Web. They will flap around the room until they shake themselves to bits. 
Like the V1’s pulse jet, an ornithopter’s wings do not provide continuous thrust. The wings have to be mechanically isolated from the body by excellent shock absorbers. Birds have muscles and sinews. Maybe mere humans are still a long way from building a practical ornithopter, but anime is not limited by mere engineering. Eventually Sheeta and Putzo escape on a flaptor ornithoptor from the pirate’s airship. 
Unlike birds, bats and insects have membrane wings that will not allow air to pass through them on the return stroke. It is only recently that scientists have realised that animals with impervious wings relax their trailing edges on the return stroke. As the air spills over the wing it creates vortices, that like miniature tornados help suck the animal into the air. 

The flaptor has four small membrane wings. Flying depends on moving air. A large wing can flap slowly and still move enough air, but flaptor’s would have to vibrate. Even if the flaptor is not a practical flying machine, it is the ideal flying machine for a family of animated pirates. The honest world has always regarded pirates as dangerous parasites. They descend on honest commerce and grow fat, only to flee before the authorities can catch them. To be fair to the pirates they are only trying to make a dishonest living. 
Putzo and the pirates are seen flying to rescue Sheeta along a country lane at dawn. Canadians know only too well the blood thirsty swarms that fill the country air at sun rise. Myazaki has given his pirates mechanical mosquitoes to fly! 

Another of Myazaki’s ornithopters reveals the nature of the characters that fly it. During ‘Howl’s Moving Castle’, Howl, the Witch of the Waste and Sophie escape from Royal Magician Sullivan aboard an ornithopter drawn like a conventional aircraft whose propeller has been replaced by buzzing wings. It is a delightful flight of fancy. It has no windscreen and its passengers are exposed to the elements with not even a belt to keep them in their seats. 

The film opens in world of towns and cities reminiscent of Europe at the turn of the nineteenth and twentieth centuries. Steam trains ply their tracks past prosperous streets lined with fashionable boutiques. The rich travel in the latest horseless carriages while steam powered trams, like those that once ran in Birmingham cater for the lower classes. Upper and middle class ladies wear long dresses that are the height of fashion, and a King rules from his palace. An elegant ornithopter is the perfect craft for a beau to take his fashionably clad belle for a Viennese waltz through the skies. 
Alas like the empires of middle Europe, almost overnight all this elegance vanished, consumed by the horrors of industrialised warfare. The ornithopter is the society’s mechanical mayfly that came with the dawn and died at twilight.
The night skies are dark, but the clouds are splashed with the scarlet of unleashed flame and split blood. Over the inferno that was once a city sail the battle fleets. What is an audience to make of them? The artists of Ghibli are manifestly capable of drawing aerial craft that we know could and should fly. Yet the aerial armadas of Howl’s moving Castle have huge, crude thick wings. They are propelled by a ludicrous array of small flappers. Their bomb filled bulbous bellies would affront the airstream and drag the craft to the ground. In vain we turn to Laputa only to see the Goliath. An armed leviathan impossibly plucked from the water and held aloft by tiny rotors. The fighters that leave their trails over the Valley of the Winds in Naussicaa are no better. Thick wings do not work well at high airspeeds, and tandem wings do not work at all. The front wing stops the second wing from working and the second wing interferes with the first. In bewilderment we ask what is Myazaki trying to tell us?
The answer may be found in Nausicca. A flying tub with short legs hovers over the sea. Perhaps those legs contain some sort of rocket engine, but we instantly recognise what the craft really is. It is a magic cauldron over which an evil spell hangs like a cloud. In agony below the cauldron hangs an abused, mutilated baby Om. The cries of the giant insect will summon and enrage its elders and in their blind anger they will trample and destroy the innocent people of the Valley of the Winds. The cauldron is a weapon of mass destruction. Unlike our atmosphere, the air of Myazakiland recoils from the obscene machines of war. But they have need of wings. Hatred and fear to keep them aloft. 
Alberto Santos Dumont fervently believed that flight would bring the peoples of the world together in harmony and understanding. Alas! History teaches otherwise. War has carved our bloody way through the clouds. So many of our finest flying machines have been designed to kill, maim and destroy. Here in the realm of anime their true nature is made manifest. The flying boats of Porcco Rosso are faithfully reproduced as true flying machines for they carry their pilots to an agreed and honourable duel in the sky. The monsters we now face destroy the innocent and the willing without distinction as all beneath them is laid to waste. 

A caricature of an engine of flight appears over Howl’s floral sanctuary. With its ungainly flapping wings and feeble paddles it obviously does not fly! It distains the air’s support, for from its belly come the ‘henchmen’. The arch wizard’s familiars were once human, but having cast their lot to be one with power and lust they now display the form of demons.  Five hundred years ago Pieter Bruegel the elder, the Flemish master painted their kind as they fell from heaven in his master work “The Fall of the Rebel Angels.” The aerial machine has no need of flight, the spawn of Hell itself keep the monstrosities of war aloft.
The skies over the Valley of the Winds are filled with many craft that at best could only stagger into the air. Yet there is one that we immediately recognise should fly, and would fly well. Wouldn`t we all like to have Nausicaa’s little aerial run about. It clearly uses technology far in advance of the wind and watermills of the Valley of the Winds. It must be a relic of the days before the downfall of industrial civilization, in other words... now. 
Nausicaa calls it a glider, which it clearly is not. It is a small tail-less jet powered aircraft. At one point Nausicaa carries it over her head, so it has to be very light in weight. Its wing loading must be very low at 4 Kilograms per square metre. It could not be controlled, and it would flutter away like a leaf in the slightest wind. Clearly it was originally designed to carry what the military call stores: sensor pods, guns, bombs and missiles. The design has a small visual and radar cross section. In short it is stealthed. The autopilot is superb. Nausicaa weighs more than her glider, and makes the glider unstable by insisting on riding above its centre of gravity. Yet she has no fear of hanging on to the glider with one hand while charming insects with the other. True an unstable glider would be highly manoeuvrable, but without a very fast and competent autopilot Nausicaa would soon find herself falling into the Sea of Decay. Clearly it is the glider, not Nausicaa that is doing the flying.  So what is it?

When the film “Nausicaa” was released only someone with a level of security clearance that would make the nose bleed could have answered that question. Today anyone can download a video of the glider flying from YouTube. Nausicaa flies a derivative of the Killer Bee drone being developed for the U.S. Military by Swift Aviation and Northrop. There are two versions of the Killer Bee. One uses a small pusher propeller; the other has a jet engine. You can download a video clip of the jet powered Bee from YouTube. At present only a small 2 metre span prototype is flying, but the contractors are working on the Killer Bee X which is nicely Nausicaa sized. The Killer Bee is a real aircraft and like all real tail less aircraft, and unlike Nausicaa’s glider the Killer Bee has swept back wings and control surfaces near the wing tips. 

If Nausicaa’s glider is a descendent of the Killer Bee, why have the Artists portrayed it so faithfully? A company promotional animated video from YouTube showed the propeller powered Killer Bees shooting up bad guys wearing black turbans. The Bee is as much a warplane as the aerial cauldron.  Surely the atmosphere of Myazakiland would recoil from the glider`s slender, bloody wings and its payload of destruction. But, under Nausicaa’s guidance the glider’s payload has become one of hope, not fear. Nausicaa rides to save her homeland, and to cleanse a poisoned planet. She has redeemed the glider, and so the air rises to cushion its wings and it flies. 
A soaring song of redemption is the unheard theme that plays counterpoint to the music of the Ghibli video “On Your Mark.” The Earth has been poisoned by a massive reactor accident and the verdant countryside surrounding the reactor`s ugly, vast sarcophagus has been abandoned. Only heavily shielded armoured vehicles dare travel on the surface. Humanity huddles for protection in high-rise subdivision developments squeezed into massive holes in the ground. An airborne police force enforces the peace of this dense urban society. The police do not spread fear and destruction, so, unlike a craft of war, the police cruisers are not monstrous. All police, however, keep order by the application of judicious application of official force, so their craft use force, not wings to stay aloft. They stilt on vertical lift jets like those of the Harrier jump jet, and use ducted fans to manoeuvre. We could build them today, but they would be the ultimate gas-guzzlers, and their maintenance costs would be nothing short of horrendous. If anything failed in flight Mazaki`s police cruisers would fall like bricks.
During a raid on armed cult’s temple, two police officers stumble across a strange winged girl shackled to the wall of a grungy store room. Myazaki has refused to say if his creation is an angel or simply a girl with wings. Otakus always refer to “Myazaki’s Little Angel”, so I will follow suit. Like all who have the ability to rise above the structures of a well-managed society, the little angel is immediately recognised to be a freak and threat. So she is promptly bundled up and shipped out to a research park. Being a specimen of Hi-Tech R&D is a living death, and the two policemen decide to rescue her. All goes well at first, but they trip the alarms and escape in a heavy surface vehicle as police cruisers swarm in pursuit.  

Alas the bridge to the surface is old and collapses under them. The video has two conclusions. The trio plunge to the ground as the policemen vainly urge the angel to spread her wings, or the surface vehicle fires rockets and soars ahead of its pursuers. Apply enough positive force and even a brick will briefly escape from weight`s crushing force. 
The little angel and her rescuers finally reach the surface and she spreads her beautiful wings. If she is not, in fact, an angel, but merely the result of genetic engineering by the cultists, it is legitimate to ask if she really could fly. To answer that question I went looking for a large bird with which to compare her. Imagine if you will that you are standing in what is now the Pampas of Argentina some six million year ago. Around you are a fauna that would put Jurassic Park’s to shame. There are armadillos the size of Volkswagen beetles, and ground sloths as big as cattle. Over this scene soars a vulture, and as it comes closer you realize it is a very big vulture indeed. It is Argentine Avis Magnificans, the largest bird that ever flew. Its weight of over 70 kilogrammes is carried by a wing span of no less than six and a half meters. Despite its size it had a wing loading of only ten and half kilogrammes per square metre. Scientists have recently concluded that, yes, it really could fly. Like the albatross it may have had problems taking off, partly because it could not fully beat its large wings while it was still on the ground. It would have needed to run down a slope or take off into a modest head wind, but once in the air it would have flown well. True, it did not have the muscular strength to power itself through the air for very long, but it had little need to. Like all vultures it would have soared magnificently, circling from thermal to thermal over the spreading grasslands. 
The little angel of ‘On your Mark’ is seen rising from the ground with her wings fully spread. If she is a cute 150 centimetres tall, and has a body mass index just below normal she would weigh about 40 kilogrammes. This would give her a wing loading of around 16 kilogrammes per square metre. This is comparable with that of the most popular sailplane ever built, the Grunau Baby. Many thousands of Babies were built before and after the Second World War. It was an easy plane to fly. It took off and landed at about 30 kilometres per hour and flew at 60 kilometres per hour. It soared well, and would rise swiftly in a thermal. It had a glide angle of only 18 to 1, compared with 45 to 1 or better of a modern competition sailplane, so once out of the thermal it could not glide very far, or very fast. The little angel should have a similar performance, and unlike a sailplane she would be able to change the form of her wings to suit conditions. If she had the hollow, fused bones of a bird her weight might be less than 30 kilogrammes, if which case she would soar like an eagle. Like Argentine Avis Magnificans she would need a headwind to take off from flat ground, but unlike a bird she could use her arms to climb a tree or cliff to gain the height she needed to fully flap her wings. With a little practice the angel might learn how to take off like a pigeon. Pigeons take off by leaning back and sweeping their wings over the ground to squirt themselves upward on a bubble of compressed air.
The angel certainly has the wings to fly, but the human frame did not evolve for flight, and looking at her in flight suggests that she still needs a few improvements. She has no tail and therefore her wings are set too high on her back. She is aerodynamically unbalanced, and her wings should be attached close to her centre of mass somewhere around the middle of her back. An airstream of 50 kilometres an hour would not fully support her legs so she will need muscles and sinews to hold her body horizontal for hours at a time. Finally her wings bend on the down stroke to avoid her back. A bird powers itself through the air as it pulls down on its upper wing bone. The angel will have to stop pulling just when she should be applying maximum thrust. Wing muscles must be light in weight and are used for control not thrust. Like the ancient mega-bird of the Pampas, however, the little angel would not have to flutter her splendid wings too frequently. The invisible pathways of the air will lead her to ride the cresting surges of the sky and soar high and clear of a fatally tainted world.
We now leave the science of aerodynamics behind, and return to “Laputa” in search of the Levitation Stone. When Laputa was produced the notion that there could be a natural force of matter that was able to reverse gravity seemed fantastic. Today I can open my Fellow’s diary of the Royal Astronomical Society and read that only 4% of the universe is made up of visible matter: in other words, the dust, rocks, planets, stars, and galaxies that emit or reflect electromagnetic and nuclear radiation that we can observe. Another 25% consists of dark matter. We don’t yet know what dark matter is, but it must be out there or the galaxies would not form or move as they do. Both forms of matter distort relativistic space time and we perceive that distortion as the binding force of gravity.

Dark energy makes up the remaining 74% of the universe’s energetic mass. Currently scientists know virtually nothing about dark energy other than it must exist and given enough time and space dark energy can reverse the effects of gravity on a cosmic scale. I should warn naive outsiders that delving into the mysteries of dark energy can be hazardous to your mental stability. Dark energy science lies at the uncertain boundary where cosmology collides with metaphysics. Be ready to meet extra dimensions leaking into our Universe from the greater Multiverse, and such hypotheses represent conservative thinking about this recently discovered and profoundly mysterious component of the cosmos. But just suppose that dark energy, like both types of matter is not spread evenly across space. The planet of Laputa happened to form where there was an abundance of dark energy. Indeed there was so much of it that it became concentrated into the rocks. Eventually the inhabitants of Laputa learned how to extract and crystallize this wondrous material into the Levitation Stone. 
We are part of the Universe. Never forget that no matter what subhuman forces are applied to contract us out into an unthinking, lumpen mass, within us all there is a little, hidden, dark energy that if tapped will resist, and yearn to rise and grow. 
So we leave science behind and finally we enter magic filled skies. What is a physicist to say about Kiki’s broomstick? Not much I fear. There is a special joy in being able to fly, and I have to admit that whenever I see Kiki set out on her first delivery run and fly high over the town, I too am again flying a broomstick. I am in the cockpit of a delightful wooden sailplane high over the summer Saskatchewan prairies. God’s good hand is under my wings and I am soaring heavenwards.
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Pilots typically roost in bars. If a ground-hugger discretely plies a pilot with enough beer, the pilot will become sentimental and may explain that you can go to flight school. There you will learn how to take off, land, and perform circuits. You will be introduced to basic aerodynamics, meteorology, and navigation, while memorising safety procedures and a host of regulations. In the end you will have earned a pilot’s license and gained a challenging, but rewarding and satisfying skill. But all you will be doing is pointing a machine about in three dimensions.
There may come, however, a moment when you are alone in the sky, and your heart knows its home. Those wings are your wings. The air supports you. It can drop you. It can caress you, and it can bludgeon you. It may enrapture you, and it can certainly make you wet your underwear. But the winds have embraced you, and will never let go! The Earth with its futile bloody conflicts and its petty powers and boundaries does not hold you. The aircraft is but a prosthesis. 





YOU ARE FLYING!
Hyao Myazaki has his little witch explain how witches fly. She, however, speaks not just for witches, but for all who have been touched by the pure magic of flight, whether astride a broomstick or wrapped in sophisticated technology. So, in conclusion, I must now leave the last words to Kiki:




“We fly with our spirit.”
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THE END
