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FOREWORD

This is the second book in this series based on the BBC Radio 4 programme The Life Scientific, in which I interview a wide range of scientists and engineers about their lives and work. (The first book in the series was The Life Scientific: Explorers.)

The radio series began in 2011 and seems to go from strength to strength, with an average of over 2 million listeners each week, and more who subscribe to the podcast. It is reaching people (men and women, young and old) who thought they had no interest in science, as well as many who already do.

Part of the success of the programme, I am told, is that my guests feel more at ease talking to a fellow scientist about their lives and careers, all the inevitable pitfalls and wrong turns along the way. The conversation flows freely between us. Since the programme is recorded rather than broadcast live, it is then the task of my producer Anna Buckley to edit it down to its 28 minutes for broadcast. More importantly, it is most likely Anna who will have prepared for the show more exhaustively than I ever could. Her very human approach to understanding science, attention to detail and lightness of touch are a winning combination on air and in print.

Everyone in this book can be regarded in some sense as an ‘inventor’. Their personal journeys could not be more varied, and their stories are a joy to read.

Jim Al-Khalili

August 2019



INTRODUCTION

Inventing is about meeting society’s needs and fulfilling dreams. But often, it seems, the makers of this world are overlooked. Perhaps because they have no particular desire to join the chattering classes. Or perhaps, as Professor Dame Ann Dowling suggests, it’s because engineers ‘tend to put their heads down and get on with the job’.

The women and men whose stories are gathered together in this volume have all been interviewed on The Life Scientific on BBC Radio 4 presented by Jim Al-Khalili and produced (more often than not) by me. They are the unsung heroes of contemporary Britain: the scientists, engineers and entrepreneurs who have devoted their careers to improving our lives. Some build the infrastructure (digital or concrete) on which we all depend. Others are creating clever devices, smart materials or new techniques. Professor Sir John Gurdon cloned a tadpole. Professor Sir Ian Wilmut and his team created Dolly the sheep. Together, these inventors are moving medicine forwards, transforming the everyday and imagining a more sustainable future for us all.

Many talk humbly of their achievements which typically are huge. A reassuring number had no idea what they wanted to do when they graduated or left school. Naomi Climer ‘fell into engineering’. She had wanted to be a cellist. Caroline Hargrove didn’t really know what engineering was but was keen to avoid ‘accountancy-style maths’. Some think with their hands, others make things in their minds. Many do both. They learn by doing and from books. Making money is often part of the equation too. And there is no space here for the absurd and unhelpful idea that real-world or commercial problems are somehow less intellectually challenging than the abstract things people think about in armchairs or ivory towers.

Engineers working in industry have to find solutions. Ailie MacAdam was dismayed to discover that the 680 historic cast-iron pillars that were supporting the platform at St Pancras station were in danger of ‘breaking like carrots’. Professor Lord Robert Mair prevented Big Ben from leaning like the Tower of Pisa, when a new Underground station was built beneath Westminster.

So many of the people I talk to seem to see science as a body of knowledge that needs to be accepted, understood and learnt (a view that perhaps tells us more about how science is taught in schools than anything else). The men and women featured in this volume have a different approach. They solve problems. And if at first they don’t succeed, they certainly try again. They challenge conventional wisdom or ignore it. They ask, ‘What if …?’ Fed up with the air pollution in his home town, Professor Tony Ryan designed clothes that soak up it up. Professor Ann Dowling and her team spent ten years ‘on and off’ designing a silent aeroplane. Professor Molly Stevens invented an injectable gel to heal badly broken bones.

Some of those scientists and engineers are academic high-flyers, sailing through exams, degrees, PhDs and research jobs. Others take a different route: learning on the job, at evening classes or returning to education later in life. The computer pioneer Stephanie Shirley was ‘too tired of being without money’ to consider a degree. She wrote code for some of the first business computers in the world (at home while looking after her son) and built a multimillion-pound software company, before most people knew what software was. Professor Mark Lythgoe was too distracted by the Manchester music scene to study when he was at school. He failed most of his A Levels and decided many years later that he wanted, ‘more than anything’, to do a PhD. He now runs one of the largest medical imaging facilities in the world, pioneering new ways of seeing the human body and treating disease.

These are stories of personal endeavour, full of twists and turns, excitement and frustration. Some of my favourite moments occur where the personal and the professional are intertwined. Adrian Thomas took up paragliding to learn, first hand, how birds fly. Scientists do not live in hermetically sealed laboratories. Engineers have lives too.

Being stabbed in the back when he was a boy introduced Mark Miodownik to the razor-sharp properties of steel. A degree in metallurgy and a PhD on metal alloys followed. Chris Toumazou used to worry that a fuse might blow while his mother was watching Coronation Street and became an electrician. Focusing on current (when everyone in Silicon Valley was thinking about voltage), he came up with a radical new way of designing microprocessors and has invented multiple electronic medical devices, including a tiny cochlear chip that enables children who are born deaf to hear. A short research contract with Standard Fireworks lit Jackie Akhavan’s fuse and led her to specialise in high explosives and bomb detection, working at the forefront of the war on terror. A visit to MIT, during a sabbatical year, reassured Wendy Hall that hyperlinks and search engines were worth thinking about after all.

Many of these inventors are professors. But by no means all. A fair few failed miserably at school. At sixteen, John Gurdon was told that ‘it would be ridiculous’ for him to pursue his interest in science. He went on to win a Nobel Prize.

John Taylor’s headmaster described him as ‘practically illiterate’. He is, however, remarkably able to see how objects fit together in 3D space. ‘You have to run your disadvantages into advantages,’ he says. And he feels it is our duty to give something back: ‘I am not deeply religious, but I do believe you should leave the world a better place than you found it.’ His safety controls are found in almost every kettle in the world.

I am grateful to all these brilliant men and women. Their inventions are changing my world. And their stories are a constant source of energy and inspiration. If one of them were to galvanise you to consider making something new, whether you are at school, retired or stuck on a bus wondering what to do, I would be delighted.
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ADRIAN THOMAS

‘There are so many good ideas out there in nature that we haven’t exploited yet’


Grew up in: a village south of Oxford

Home life: married to civil engineer Sue Thomas, with a daughter, Lauren

Occupation: bio-mechanical engineer

Job title: Professor of Biomechanics at Oxford University and Chief Science Officer for Animal Dynamics

Inspiration: watching dragonflies in the garden

Passion: visualising airflows around insect wings

Mission: to understand the mechanics of animal flight and design more efficient vehicles

Favourite invention: Skeeter, the dragonfly drone

Advice to young inventors: ‘Do something you love’

Date of broadcast: 31 October 2017





 

Professor Adrian Thomas studies how animals fly. He spent almost a decade designing experiments to capture, very precisely, the aerodynamics of dragonfly flight. Inspired by their extraordinary aeronautical abilities, he invented a tiny dragonfly drone with flexible wings which could be used for military surveillance, search and rescue missions and farming. He is also working on a three-legged wheelchair capable of crossing rugged terrain and a boat propelled by a flapping fin.

Jim Al-Khalili interviewed Adrian just before the latest model of his dragonfly drone was about to be subjected to rigorous indoor tests by the Ministry of Defence.



 

Adrian has spent 5,000 hours hanging in the sky, learning to fly, ‘Most of it just for fun … Some of it working out new designs for wings.

‘Flying in the UK is fantastic,’ he told Jim. He goes to one of the Downs and finds a beautiful, grassy, smooth, rounded hill. Then he waits for the wind to come up the hill and launches himself ‘exactly like launching a kite’, lifting the paraglider above his head while he waits for a thermal updraft to reinforce the wind and pick him up. With some columns of hot air rising at a rate of 5 metres a second, hitching a ride on a thermal is a winning strategy.

Adrian has won the British paragliding championship four times. But nothing beats flying with a feathered friend, gliding and climbing over long distances with the same bird. ‘I’ve had rides where I’ve climbed out from Milk Hill in the Pewsey Vale and then flown to Swindon,’ Adrian said. ‘At Swindon I was joined by a red kite which flew with me forty kilometres to Oxford, and then I landed in the field next to my house, which is always rather nice.’ Buzzards are good company too. Adrian has become attuned to the distinctive call they make to alert their flock to a rising thermal airflow. ‘I listen for that call,’ he said, ‘see a buzzard circling away, and I’m off straight towards them!’

‘Did you always want to fly?’ Jim asked.

‘At Swindon I was joined by a red kite which flew with me forty kilometres to Oxford, and then I landed in the field next to my house, which is always rather nice’

‘I’ve always been interested in flying,’ Adrian replied. ‘But I’ve also always been interested in the way things flow – aerodynamics, I suppose.’ As a boy, he made model aeroplanes and kites. One ‘particularly nice’ design for a kite was created out of a sheet of A4 paper and a cotton reel and could ‘fly unattended for hours’. And he did a lot of sailing, mainly in dinghies. ‘I was very interested in how the sails worked together or how you tune them to work with each other.’ He enjoyed tweaking the sails to improve the performance of the boat. When the air flowed smoothly over the sails, the boat picked up speed. The faster the airflow, the speedier the boat. But if you tighten the sails too much, you choke off the wind and kill the power. He also thought about the flow of water around and under the bottom of the boat and spent a lot of time trying to design go-fast hulls.

The way air, or water, moves around objects can propel them forward, slow them down or move them from side to side. ‘It’s really the flow – that’s the thing that interests me most.’ And it was intellectual curiosity, more than a desire to fly, that first persuaded Adrian to launch himself into the sky. He was studying for a PhD on bird flight and thought the best way to get to grips with aerodynamic forces might be to build himself a set of wings and experience them first-hand. Taking up paragliding also provided welcome respite from some ‘hideous [university] politics’ which resulted in him being shunted between supervisors and generally feeling unloved. It was a joy to be up in the air, free as a bird, when the power struggles within the university were getting him down.

Later in his career, he mastered another flying machine in order to study the energy savings made by birds when they fly in a V formation. ‘I managed to persuade a research council that they should pay for a microlight aircraft,’ he said, still slightly amazed that they agreed. ‘Wings push the air downwards,’ he explained, ‘so outside of the wingtips the air is going upwards.’ This upwards airflow is an energy source. ‘If you’re a bird flying behind another bird, you can sit and surf on the updraft on the outside of the wingtips.’ Paragliders can do the same, experiencing a bouncy ‘ba-dum ba-dum’ when they enter the slipstream of another glider. Dinghy sailors, similarly, can slip in behind a faster boat and find themselves planing in its wake. The acceleration is thrilling.

Adrian used his microlight to get into the air with the birds. He chose the biggest he could possibly get and ‘went down to the fens to chase V formations of whooper swans … I got into the air, dived on the whooper swans out of the Sun – as you do, having read Biggles as a kid – and I could see those birds peering over their shoulders and looking at me as I lined up behind them.’ He had hoped to sneak up behind the birds and measure the distances between them. He had also planned to film the swans and later count the number of wingbeats per minute. ‘But they just accelerated and accelerated and accelerated and cleared off into the distance. They’re supposed to do forty knots, maybe fifty at a push. I was doing sixty knots, and they just had extra power there.’ This was most unexpected. When squawking and flapping swans take off from rivers, it always looks like such a struggle, so Adrian had assumed that they had very limited available power. As soon as he was up in the air it was clear that this was not the case. High-flying swans, he discovered, accelerate with ease. ‘I spent a good week trying to chase them, and they just had the performance edge over me!’ he laughed. ‘I know when I’m beaten … they got me!’ He also sensed that his not-so-surreptitious attempts to blend into a wedge of swans, while travelling in a microlight plane, were unwelcome and, not wanting to stress the swans, he decided to stop. ‘They’re beautiful birds, and they only have a small margin of available energy. I wasn’t going to disturb them.’ The experiment was cancelled and the microlight was returned. Adrian failed to get any results but lessons had been learnt.

 

As a professor of bio-mechanics (the physics of how living things move), Adrian combines his two passions: animals and ‘the flow of things’. His love of animals was apparent from an early age. ‘I grew up in a house with all sorts of animals all over the place,’ he said. And, thanks to an ingenious childcare solution, he spent a lot of time with stuffed animals and fossils too. His dad, a senior lecturer in physics at Imperial College in London, would take Adrian and his little brother with him to work and drop them off next door at the Natural History Museum, ‘to give [his] mum a break’. (He was one of five children.) ‘The two of us would run around the Natural History Museum all day … I’m not sure you’d get away with that now,’ he said. ‘I used to walk through those fantastic galleries, looking at the fossils.’ The magnificent remains of ichthyosaurs (ancient marine reptiles that lived at the time of the dinosaurs), each spanning several metres, hanging on the walls of the Natural History Museum, never failed to impress. An art report when he was young contained the phrase: ‘I wish he would draw something other than sharks and dinosaurs.’ ‘So nothing unusual there,’ Adrian said. Slightly more unusual was his well-informed and heartfelt desire, aged six, to be an ichthyologist.

‘I grew up in a house with all sorts of animals all over the place’

The time Adrian spent exploring the ‘weirder recesses’ of the Natural History Museum ‘definitely had a significant impact’, he said. Zoology was perhaps an obvious degree choice for someone who had spent so much time in the company of animals (living and extinct). But when he applied to university Adrian didn’t know that it was possible to study such a thing. He went along to his school’s careers fair and none of the listed professions immediately jumped out at him. ‘The only thing remotely aligned with my interests was medicine,’ he said. He applied to Oxford and was interviewed by a group of medics. They asked about his interests and he talked about ‘non-medical things’. ‘I think we talked about fish quite a lot!’ Adrian said, smiling. ‘We certainly talked about birds’ tails and the aerodynamics of tailless aircraft at some point.’

Detecting where his real passion lay, the interviewers sent Adrian off to the zoology department. There he was handed a deep-sea coral and invited to share his thoughts. ‘I was completely fascinated by it,’ he said. He chatted away, forgetting that he was being assessed, and later when he was offered a place to read zoology, he thought, ‘Wow, I didn’t know you could do that!’ He is still grateful to the medics for sending him next door. ‘I’d have been a useless doctor!’ he said, laughing.

 

During a third-year undergraduate research project, Adrian found his niche: the mechanics of animal flight. He was studying fruit flies and became interested in mutants that had two sets of wings. Curiously, these four-winged fruit flies couldn’t fly. They took off and instantly crashed to the ground. And Adrian wanted to know why. Using the kite-making skills he had honed in childhood, he experimented with enhanced design features to see if he could improve the flies’ flight performance. Several weeks later, he discovered that a single silk thread tied around the thorax provided much-needed stability, acting like the tail of a kite. The mutant flies were liberated and Adrian started to appreciate the importance of tails.

As anyone who has made paper aeroplanes will know, aerodynamic stability is not easily achieved. The way air flows around a fruit fly, a kite or a paper plane, is notoriously difficult to predict. The same is true for the flow of blood through our veins, or water in streams. Imagine trying to anticipate where and when the next breakaway channel or whirlpool will form in a fast-flowing stream. Newtonian mechanics don’t apply and the Navier–Stokes equations (which describe fluid dynamics) are notoriously difficult to solve. If only fluid flows were as simple as balls rolling down slopes.

Having completed his PhD explaining why birds have tails1 (which took much longer than he had hoped), Adrian knew what he wanted to do. He applied to every animal flight research laboratory in the world and accepted whatever opportunities he was given. A series of very short post-doc jobs followed in Sweden (at Lund, then at Gothenburg), at the Institute of Zoology at London Zoo, in Australia (at James Cook University in Townsville, North Queensland, and later at the University of Brisbane), and at the University of Stirling in Scotland. Moving about like this was a fantastic experience, but ‘felt precarious’ at the time. ‘I didn’t make my life as easy as I could have,’ Adrian admitted. But in hindsight he believes ‘it was the best thing [he] could have done’. ‘I ended up working with all the major figures in the animal flight field at various times,’ he said. He also got to see many of the wind tunnels that had been built to study how precisely birds fly. ‘I spent all my time – all my time – in wind tunnels,’ Adrian said.

This simple technology (which involves blasting air through a tunnel) was invented in 1871 to test different designs for flying machines. If you can’t move a plane at high speed through the air, why not push fast-moving air at the plane instead? (It’s the movement of two objects relative to one another that counts.) Air is driven through an enclosed tube, around a model aeroplane suspended on a wire, and the forces acting on it – lift and drag, for example – are measured using appropriate balances. Testing ideas using scaled-down models placed in wind tunnels is a lot cheaper than building and flying full-blown prototypes.

 

When the pioneers of early flight, Orville and Wilbur Wright, built a wind tunnel, their flying machines took off. Their previous attempts to simulate flight conditions had involved attaching models of different wing designs to the spokes of an extra wheel that they had fitted onto the handlebars of a bicycle. They then pedalled furiously around the streets of Dayton, Ohio, with this third wheel spinning horizontally in front of them to create an artificial breeze, while simultaneously trying to measure the forces acting on the model. Accuracy was a problem. Suspending a model plane on a wire in a wind tunnel made measuring the forces a lot easier.

Between September and December 1901, the Wright brothers tested two hundred possible wing designs in a wind tunnel and the results of these experiments fed directly into the design of their famous Flyer, the machine that made history in 1903 when it transported Wilbur half a mile through the sky.

Supersonic wind tunnels were built in the 1920s and were used to test possible designs for the new jet planes. Later, animal flight researchers built customised wind tunnels so that they could take detailed measurements of birds as they were flying. Starlings, swallows and house martins were studied in this way.

The physics of flight are the same for a bird or a plane, but swallows are not the same as aeroplanes. The perturbations caused by insects are on a much smaller scale again. But Adrian was not fazed. He returned to Oxford and decided to adapt this technology invented by aeronautical engineers to study dragonflies. ‘Yeah, so I built a wind tunnel for insects,’ he said, laughing.

‘I built a wind tunnel for insects’

By filming the precise position of the dragonflies’ wings and the rapidly changing smoke patterns in the tunnel, the airflows around dragonflies in flight could be recorded using a technique known as smoke visualisation. The internal surfaces of his insect wind tunnel needed to be exceptionally smooth, as bumpy surfaces would disturb the flow of air. Adrian spent a lot of the time sanding down the working section of the tunnel. Smoke was generated by rubbing Johnson’s baby oil onto heated wires. Placing tiny indentations in the wires, to generate smoke streams half a millimetre apart, so that even minor disturbances to the airflow would be registered, was fiddly work. The tunnel was brightly lit to illuminate the smoke and he used two synchronised high-speed digital cameras, capable of recording 1,000 frames per second.

‘Why dragonflies?’ Jim asked.

‘Dragonflies have this fantastic performance,’ Adrian told Jim, becoming animated. ‘They glide a lot, but they also can out-accelerate a Formula One car forwards, backwards and sideways if they want to!’ This explains why, if you are lucky enough to spot a dragonfly out in your garden during summer, you can never keep your eye on it for very long. And they have incredible stamina, too. Many dragonflies migrate from Britain to Africa. The globe skimmer has the longest migration route of any known insect: it migrates across the Indian Ocean.

Dragonflies are also relatively large, which makes it a little bit easier to see what’s going on. (British dragonflies typically have a wingspan of about 10 centimetres.) And, at a rate of twenty wingbeats per second, they flap their wings more slowly than most other flying insects. Conveniently, there were plenty of them living nearby in the Oxford University parks.

Adrian would catch brown and migrant hawkers and ruddy darters in nets in the morning and introduce them to the wind tunnel in the afternoon. (If an overnight stay was required, the dragonflies would be refrigerated to prevent them from damaging their wings.) ‘We put them on the perch and they took off and flew around the wind tunnel.’ Getting to the other end of the tunnel was not a priority for the dragonflies. They darted about at high speed, and seemed desperate to avoid getting smoke in their eyes.

In a later experiment, Adrian found a way to get bumblebees to fly in a straight line through the tunnel. A beehive at one end of the tunnel and some flowers at the other was all that was needed to get bees to reliably commute through the test section. ‘I mean literally commuted. It was like the M25 in the wind tunnel at times,’ he laughed. ‘It was great fun, really good fun.’

He tried bribing the dragonflies with tasty fruit flies to get them to fly direct, but they were not so easily corralled. So he focused on free flight.

‘Most previous studies [of insect flight] had solved this problem by tethering the insects’ and measuring the forces acting on them. The insects would frantically flap their wings while scientists dutifully made measurements. But Adrian believed that studying the wingbeats of an insect that is ‘trying very hard to get away’ is ‘no use at all’. A tethered dragonfly has only one thing on its mind. It wants to escape. A dragonfly that is darting about uses its wings in many different ways and is not just flapping to be free. ‘You need to know that the animal is doing what it usually does to fly.’ For this reason, Adrian was determined to let his dragonflies go where they pleased, even if it did make the experiment much harder to design.

It took about eighteen months to build the wind tunnel and to get everything to work, and just a few hours to collect data. The analysis took a year. But the results were worth waiting for. Existing models of dragonfly flight were proved to be wrong and a range of sophisticated flight strategies was revealed. Dragonflies have four independently controlled wings and direct muscles controlling each of these wings. ‘They can flap the front wings and not the hindwings; they can flap the left wings and not the right wings,’ Adrian explained. Acting in unison like a well-trained rowing crew, the wings can all stroke together to achieve maximum acceleration. Or they can employ counter-strokes to change direction or perform other manoeuvres. Slow-motion video footage and smoke patterns showed how dragonflies constantly adapt their wings to achieve different results and can even change their strategy within a wingbeat. ‘The wings can be halfway through a stroke and they can change the angle of the wings, or even the shape of the wings!’ Adrian exclaimed. It is this ability which probably accounts for their extraordinary effectiveness as hunters. One study put their success rate at about 97 per cent.

This extraordinary aeronautical ability is all the more impressive when you consider all the other things a dragonfly has to do: eating, growing and reproducing, for example. It is also worth remembering that these flying machines were not designed from scratch. Their evolutionary history is relevant too. ‘They have sixty to seventy muscles, depending on species – usually it’s sixty-four – in the thorax,’ but not because they need that many muscles to move a wing. ‘They are there because those muscles started out as the muscles that allowed a worm-like ancestor to crawl through the mud.’ And allowed some of their ancestors to be the most ferocious predators in the pond. As different species of dragonfly evolved over 300 million years, these muscles were then co-opted for a new function: flying, not crawling.

The results of all of Adrian’s experiments were published in a paper in the Journal of Experimental Biology in 2004 and were accompanied by many hours of slow-motion video footage of the swirling smoke patterns created by dragonflies flapping their wings, showing how the air flowed around them. The paper described how dragonflies manage to achieve such an impressive performance in the air and was of great interest not only to fellow academics but also to the military.

 

A decade after this paper was published, Adrian was approached by the Ministry of Defence and asked if he could make a drone. The British Army were interested in developing lightweight surveillance micro-drones that could be carried by soldiers and released when they wanted to see round corners, for example. (Adrian thinks the same technology could be used to deliver humanitarian aid to war-torn areas or disaster zones.)

‘We’d done, ooh, fifteen years of work on insect flight at that point,’ Adrian said. ‘And I thought, we know enough now to try and build one of these things.’ He explained: ‘It’s a project that’s funded by the Defence Science and Technology Lab – Dstl. It’s kind of the UK’s equivalent of DARPA [the American Defense Advanced Research Projects Agency] … part of the Ministry of Defence.’

‘Did you ever have any qualms about doing defence-funded research?’ Jim asked.

Adrian laughed. ‘Turning to the dark side … Yeah, absolutely. I was dead set against military-funded work for many years, and so are, still, several of my colleagues. The first set of military funding I got was from the US Air Force, the Air Force Overseas Research Lab. I got that for studying the wingbeat kinematics of hoverflies – so, flapping insect wings. My thought at that point was, well, they could be spending it on bullets, or they could be spending it on me studying insect wings. But the interaction with those guys was really rewarding.’ Three sides of A4 explaining the idea was enough to secure $100,000 for three years from the US Air Force. ‘They find people who they think are interesting and they fund them.’ They monitor progress regularly and stop funding any projects that are ‘not delivering the goods’.

Jim wondered if there might be a lesson there for publicly funded research councils. ‘Could they adopt a similar idea?’

‘Not all is rosy in the defence science area,’ Adrian admitted. But the sort of feedback loop they’ve installed to make sure that people are actually delivering is working well for him. ‘It’s very much performance-related pay … which in some ways can be really good.’ Researchers who are dependent on research councils for funding ‘can end up spending months and months writing grants. I’ve got colleagues who do this, who write grant after grant after grant.’ Much less is done at the end of these grants to check whether people have actually delivered what they said they would. ‘The military guys’ do it the other way round. They are happy to splash some cash up front but ‘check up on [the projects they have funded] really regularly and decide whether the scientists involved should get paid depending on their performance.’ It suits Adrian. ‘It’s great,’ he said. ‘So long as you’re delivering the performance! That’s a hard driver, but why not?’

 

Adrian is delivering results. The challenge was to design a drone that was much cheaper, smaller and lighter than existing models. ‘I don’t think I’ve ever had so much fun,’ Adrian told Jim. His plan was not to copy the design of a dragonfly but rather to learn from it. ‘I think copying nature is a mistake,’ he said. The trick is to understand the underlying principles that make nature’s designs so successful at performing a particular task. ‘You need to look at what the animal is trying to achieve, and work out the most efficient way of achieving the same target.’

As well as being lightweight, speedy and highly agile, dragonflies are exceptionally good at holding their own in high winds. ‘I was out in my garden the other day and it was blowing twenty or thirty knots, and there were dragonflies hunting in the garden,’ Adrian said. A tiny flying machine capable of all these things was very much in demand. Most existing drones are bulky and heavy and don’t function well in gusty conditions. They are like mini helicopters, powered by propellers, not wings, and they have a terrible tendency to drop out of the sky like lead balloons when their batteries fail. ‘YouTube videos of the injuries from quadcopters are horrific!’ said Adrian.

Adrian’s dragonfly drone, named Skeeter, was a radical redesign. Ever since the eighteenth-century English engineer, George Cayley, made the important observation that flapping wings are not a prerequisite for flight, flying machines had been designed with fixed or spinning wings. Now here was a small flying machine with flexible flapping wings. It has a wingspan that is no longer than a biro and it weighs about the same as two £1 coins, including the camera, communication system and navigation tools it carries on board. It gets off the ground by flapping its mechanical wings and can glide gracefully if the batteries fail, or if a quiet landing is required.

The first challenge was achieving lift-off. ‘We solved that one a while ago,’ Adrian said. Now it’s all about improving the energy efficiency. The team plots the grams-per-watt ratio they have achieved at the end of every week on a wall chart in their office, which shows they are making steady progress. At nearly 12g/W, Skeeter is still some way behind what real dragonflies can achieve (25g/W) but it is well ahead of the competition. The only other lightweight drone, which was inspired by the way hummingbirds fly, can manage just 6g/W. ‘We’ve got a significant lead over what other people have said they can do,’ Adrian said, laughing. ‘But you always want more!’

‘We’ve got a significant lead over what other people have said they can do … But you always want more!’

 

Adrian thrives on the synergy between his academic research and working for his spin-out company Animal Dynamics. ‘If the company stopped now and I went straight back to just doing the academic thing, I’ve got more research papers than I have time to write them up … so that’s fantastic.’ But combining being an Oxford professor and an entrepreneur has not been easy. ‘I’ve been juggling away and trying to keep everyone happy and trying to do both jobs properly, and I know it’s squeaking in places … so it is a cause of stress.’

He said, ‘It’s difficult, it’s weird … the university is a shareholder in the company and if the company does well, then the university does well. The university likes generating spin-out companies because it’s clear demonstration of impact. But there’s not really a good structure in place for academics to combine activities into … The standard contract for an Oxford academic allows you thirty days, I think it is, per year for consultancy work. So you have to squeeze it into that. That sort of works, but it’s very difficult.’

Jim was sympathetic: ‘Especially if your company’s just starting up and you want to put a lot of effort into it.’

‘Yeah, exactly,’ Adrian replied. ‘Start-up companies, they’re not a nine-to-five thing. But also you only do them because you really, really want to.’

 

As a young man Adrian was a paragliding champion, proving himself in the air. Now he is determined to beat the world record for human-powered water travel. Inspired by Skeeter’s flexible flapping wings, he wants to build a boat that is powered by a flapping fin. A study by Harvard scientists showed that fins are 20–30 per cent more energy efficient than propeller-based water travel. Fins made from flexible materials also have other benefits. They are kinder to marine life. Fish that get in the way are most likely to be pushed aside, not sliced in two by sharp propeller blades.

In an ideal world, Rolls-Royce or another generous sponsor would provide funding for this radical redesign of ship engines. If they did, he ‘certainly wouldn’t say no’. For the time being, he is working on a proof of concept and relies on help from a team of retired engineers who still love a challenge. One of his ‘silver engineers’ has spent several months testing different fin designs in a custom-made water tub that he built in his back garden. The boat they have designed would not look out of place in Wacky Races – a souped-up pedalo boat, powered by a flapping fin, not a paddle wheel. In it, they hope to steal the world speed record for human-powered water travel from a team of MIT scientists. The pedal power required is equivalent to cycling up a 1:20 hill at 40km/h for 10 seconds. ‘Tough! But not impossible …’ said Adrian.

Another irresistible project is a three-legged wheelchair capable of crossing rugged terrain. Wouldn’t it be wonderful if wheelchair users could enjoy walking on the moors or hiking on coastal paths? There is no shortage of ideas at Animal Dynamics. Adrian would happily pursue them all at once, his mind darting about like a dragonfly, perhaps. But it’s very important, he thinks, to have a serious business partner who will say, ‘No. Stop it. Don’t touch that! Focus on what’s paying the bills.’ Work on unfunded projects is allowed on Friday afternoons.

One way or another, however, he is determined to transform vehicle design on land and in the sea, as well as in the sky.

 



1 Bats don’t, and they fly pretty well.
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