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Prefaces

	 This preface is written to reflect the conditions of 2012—very different from those of 1974, the year of the first edition. The events since then have heightened both the need for Effective Cycling and the political and psychological objections that must be overcome by lawful, competent cyclists. The following paragraphs are parts of the preface for the initial MIT edition of 1984.


		 
1984 Preface

	 Effective Cycling has come a long way since 1974, when I wrote my first notes on cycling in traffic for my adult cycling class. At that time, I thought that the other aspects of cycling must have been well covered by other authors, so that my notes would be merely a small, though necessary, addition to the literature. However, I was unable to find for my students any book that accurately covered even bicycle maintenance. For example, the only correct description I had seen of how to repair a tire, the most frequent repair of all, was in the Cycling Book of Maintenance (London: Temple Press, first edition 1944), which I had purchased new to learn the proven English techniques for repairing bicycles. My original intent was partly political; I intended to disseminate the principles, understanding, and practice of proper cycling in traffic in order to protect cyclists from bike-safety programs, bikeways, and restrictive laws. Yet I quickly realized that it does no good to teach proper cycling in traffic when the cyclist can’t keep his tires pumped up and doesn’t know how to enjoy cycling. The first edition of Effective Cycling was the result of that realization. I included everything a cyclist needed to know in order to use a bicycle every day, for whatever purpose, under any reasonable conditions of terrain, weather, and traffic. To that I added introductions to the different ways of enjoying cycling and several items that would stimulate thought about cycling’s problems.

	 Despite the spate of books about cycling that appeared between 1970 and 1975, nobody I knew believed that there was a market for Effective Cycling. Elementary cycling knowledge was provided for children in the form of comic books, while adults were interested, if at all, in exotic equipment and famous races—so the opinions ran. Elementary cycling for adults was a subject that could not exist, let alone be interesting. I didn’t care; those opinions reflected the attitude that had created cycling’s dangerous troubles and high accident rate. Effective Cycling was intended to correct the old attitudes, and once it had started to do so, people would recognize its value. Therefore, in 1975, I purchased paper, ink, and plastic bindings and produced it myself on the mimeograph machine that I had used for cycling newsletters.

	 Although the purpose of Effective Cycling has not changed, the book has grown with each new edition. I have recognized subjects that I had neglected, I have learned more, the technology has improved, and good bicycle equipment has become much easier to obtain. Some readers have objected that too much space has been devoted to do-it-yourself improvements and special techniques, such as modifying Schrader valves, gearing calculations, and homemade tools. It is plain fact that bicycles, especially those purchased by beginning cyclists, are not perfect and suffer frequent small troubles. Only the cyclist who can make small improvements and do his or her own repairs can obtain regular, satisfactory service from a bicycle. Therefore I have retained these instructions, which describe techniques that I have used successfully, some for many years. At the other end of the sophistication scale, I have added material that some consider useless for beginning cyclists, such as cold-weather technique, the physiology of hard riding, and a discussion of recumbent and streamlined bicycles. Certainly, few beginning cyclists will make immediate use of this information, but Effective Cycling is intended to develop beginning cyclists into advanced cyclists and to be a handbook that is useful for many years. The information is included because it is needed at the level to which I think cyclists ought to develop, because it discusses questions that are of long-term importance, and because I have reached conclusions that either extend our knowledge or differ from common opinion. Naturally, I hope that it is also interesting.

	 I am grateful to those who have taught me cycling knowledge, but I can no longer list them fairly because so many of my cycling companions, starting with my family in my childhood, were kind enough to contribute to my understanding. Learning is also more than being taught; I have learned from the conversations and writings of cyclists, even from those who did not wish to teach me, and I have learned from thinking about the experiences of a lifetime awheel. However, when searching my memories for those who guided me, I remember one man who pointed the way long before I recognized that this journey was before me. The writings of “GHS” (George Herbert Stancer of the Cyclists’ Touring Club), soundly advocating cyclists’ interests in the cycling press of the 1930s and 1940s, formed my earliest opinions of how mature cyclists should act and should be treated; those thoughts returned to full consciousness in the crisis years of the mid-1970s. As for the rest of my cycling knowledge, from whence it came I cannot now say, except that it has come from cycling. Therefore, I wish to express my thanks to all of you, alive and dead, who have formed my cycling world, not only for my knowledge but for a large part of the joy of living.

	 One other person deserves recognition. Dorris Taylor has provided encouragement, helpful criticism, and emotional support far beyond that merited by friendship, for which I am very grateful. The cycling community, also, should recognize her for providing the financial security that has enabled me to keep working on this book and this program.


		 
2012 Preface

	 The intent of Effective Cycling has always been to instruct cyclists in the method of cycling that is best for them because it agrees with the traffic laws and with traffic-engineering knowledge, no matter what may be the social attitude toward cycling. In the 1984 preface, I phrased this as: “My original intent was partly political; I intended to disseminate the principles, understanding, and practice of proper cycling in traffic in order to protect cyclists from bike-safety programs, bikeways, and restrictive laws.” In those years, there was still some hope that this might be accomplished, but by 2012, government and society are pushing a full-blown program of incompetent cycling on bikeways.

	 Since about 1940, American government and society have been two-faced about cycling. One part of the laws said that cyclists had to operate according to the rules of the road for drivers of vehicles, while the other part of the laws said that cyclists must not do so. Cyclists were sometimes defined as drivers, but at other times were defined as inferior to drivers. The bikeway program that implemented cyclist-inferiority cycling started in 1971. For a complicated mix of reasons, American government has, by 2012, turned that into a highly publicized, well-funded, quite popular program intended to encourage incompetent cycling by treating cyclists as inferior road users who should ride in bikeways where available. The cyclist of 2012 who intends to learn how to cycle safely and usefully in accordance with the rules of the road for drivers of vehicles not only has to learn the skills but also has to learn why those skills are far better than the incompetent bikeway cycling that government and society try to force on him. This is not a recipe for using bicycling to change the world; there are plenty of people and governments urging that through popular but incompetent cycling. This is a recipe for those few who choose to cycle safely and lawfully and competently and confidently, no matter what contrary pressures government and society apply.

	 Present technology allows the easy circulation of written material for comment, and several of my cycling associates have provided valuable criticism and suggestions. I am particularly grateful to: John Allen, Bill Hoffman, Fred Oswald, and John Schubert. And, most specially, to Dorris Taylor, who has provided not only copyediting but insights into deeper literary difficulties that needed to be resolved.

	 

	

Introduction

	 The Joys of Cycling

	 Cycling is great sport. Most Americans think of it as a good way to exercise, preferably by riding along bike paths at 10 miles an hour. But not many do it regularly, because cycling has a bad reputation. People think of it as being hard work—riding an uncomfortable and complicated machine on unsuitable roads in dangerous traffic where they don’t belong and aren’t wanted. These two opinions explain the American bicycling scene: there are many bicycle owners but far fewer active cyclists. Too many people have never felt the real pleasures of cycling because they haven’t learned the easy, safe, and efficient way to cycle.

	 Cycling is real travel. It is the ability to go where you want with the pleasure, in both mind and body, of knowing that you have powered yourself to your destination. There is nothing like the satisfaction of having gotten yourself to where you want to go, a satisfaction amplified by moderate fatigue.

	 Cycling is also really good exercise, but not if your limit yourself to bike paths at 10 miles per hour. Once you learn proper pedaling technique, you will find yourself rolling at 15, 20, or even 25 miles per hour, enjoying the feeling of smoothly coordinated muscles powering you along as your body expresses its joy in its own proper functioning. Cycling is the easiest form of exercise, once you have learned the skill; it is also the hardest, for you can produce more power for longer periods on a bicycle than in any other sport. Many people think of exercise as a means of achieving aerobic fitness. For enthusiastic cyclists, as you will learn, aerobic fitness is merely the first stage in developing one’s physical abilities. Even the century ride, 100 miles in a day, which is an ordinary part of club cycling, requires more than aerobic fitness. Many cyclists enjoy doing far more.

	 The bicycle is admirably designed to enable cyclists to work comfortably and efficiently. Once you have a bicycle of proper size and have adjusted it to suit your build and cycling style, you will realize that it is much more comfortable than uncomfortable and that any further changes would make it harder to use. The gearing system may seem complicated at first, but once you understand its principles, you will realize how much it eases your riding and raises your speed. A well-built bicycle responds to your every move, and in steering it seems to respond to your every thought. It will come to feel like a part of you, enabling you to cover miles, climb hills, and fly down descents with a power you have never before possessed. Oh yes, bicycles do need frequent adjustments, and flat tires are regrettably common, but once you learn how each part works and the easiest way to fix it, you will rarely be stopped for long. And bicycle repairs are mostly accomplished with simple tools. Even people with no mechanical experience can feel a real sense of accomplishment as they make their bicycles work better than ever.

	 Most people start by believing that cycling in traffic is dangerous and threatening and that they don’t belong there. Heavy traffic is not one of the joys of life, but once you learn how to ride in traffic, you will realize that you are a partner in a well-ordered dance, with drivers doing their part to achieve a safe trip home. Then traffic ceases to be a mysterious threat and becomes instead just one of the conditions that you can handle with reasonable safety.

	 Once you can ride comfortably and efficiently, without worrying about traffic, on a machine that you trust, you are ready to experience the full joys of cycling. Cycling is the pleasure of seeing round the next bend in the road, of smelling the flowers by the roadside and hearing the birds sing, of feeling at one with nature. Cycling is the skill and thrill of following a steep and winding descent between towering redwood trees, with a mountain torrent foaming beside the road. Cycling is observing the fruit orchards and dairy cattle of farming communities, cottages beside the road, reed-fringed ponds, and village squares. Cycling is the surprise of seeing the gardens and window boxes of houses in your own town that you had never noticed before. Cycling is cresting the pass in a high mountain range, seeing far ahead and knowing that there are miles of easy descent before you reach the plains. Cycling is the snug tent or fashionable hotel halfway across the world, and the glory of sunrise with a new day and new miles to travel. Cycling is doing your shopping without the hassle of parking a car or waiting for a bus. Cycling is the freedom of not having to wait until the car is available or not having to get someone to drive you. Cycling is also the hard pull into a howling gale that hurls water in your face and pains your fingers as they grip the bars. But then cycling is also the comradeship of the road, the joy of traveling with friends and lovers through the springtime of the world, and the steadfastness of comrades making their long way home as the sun lowers to the horizon. And cycling is the telling and retelling of trips and adventures, of achievements and disasters, of far places and different people, as clubmates gather around tables laden with all the food that hungry cyclists need.

	 Competent Cycling versus Popular Cycling

	 The joys of cycling ought to be easily attained; cycling done well is easy, and even easy to learn. However, you may find that the traffic cycling taught in this book is not what you have been taught, either in bike-safety classes or just by growing up in America. In this book, you are being taught to drive your bicycle according to the rules of the road for drivers of vehicles. That is the way that works; it works for drivers of motor vehicles and it works for drivers of nonmotorized vehicles such as buggies and bicycles.

	 But in America, the home of the car, since sometime about the 1930s, all the cyclists have been considered to be children. So they were treated as children who were unable to obey the rules of the road, but had to ride at the edge of the road, or on the sidewalk, so they wouldn’t get run over by the cars. They were told to be afraid of riding in traffic.

	 That suited the motorists just fine, so nobody questioned it except the few adult cyclists who knew proper cycling but had no political power. Several generations of Americans grew up afraid of cycling in traffic as normal drivers do. The motorist-dominated institutions wrote laws that treated cyclists as children, and then designed and built bikeways designed for childish operation. Then, when the nation decided that it needed a lot more bicycle transportation, it was obvious that only childish cycling on bikeways was sufficiently popular to persuade so many motorists to cycle instead.

	 That is why what you are learning in this book does not agree with the nation’s view of and policy for cycling. American society and government deliberately discourage safe and competent cycling so they can have a program of incompetent, childish, and fearful cycling on bikeways. Motorists like that program because they believe that it makes motoring more convenient. Those opposed to motoring like that program because they believe that it will cause many motorists to switch to bicycle transportation. The government’s program for bicycle transportation is based on falsehood. It uses the fear of same-direction motor traffic and the feeling of trespassing on roads that are owned by cars, emotions ingrained into most Americans, to gain political acceptance for its program of cycling in the childish manner using bikeways where possible.

	 Cycling in any reasonable way requires interacting with motor traffic; nothing the government has been able to do eliminates that need, although government pretends that its bikeways make cycling safe for unskilled beginners. Any typical American who wishes to safely enjoy cycling has to work to overcome the emotions produced by these political, social, and legal forces, emotions that make such learning difficult, or even seem impossible. The American who learns lawful, competent cycling has attained a level of safety and competence that far exceeds the socially desired inferiority cycling and has rightly earned a status of which to be proud. However, this is not an elite status, for almost anyone can learn the skill; it is just that Americans boast of incompetent cycling as the saving of the world. Doesn’t seem to make sense, does it? Well, you who wish to learn have to start out by realizing that practically anything done by government about bicycle transportation is driven by superstition contrary to traffic-engineering knowledge.

	 You cannot be expected to believe such an incredible accusation simply because I say so. Therefore, part of the instruction in this book has to go beyond matters of cycling into the methods by which traffic-engineering knowledge was perverted into a method for opposing safe and lawful cycling. Traffic-engineering knowledge says that cyclists should act as drivers of vehicles, which is what one half of traffic law says (the other half says they must not), and the cyclist who realizes that he is doing so much better than the rest of the population because he follows traffic-engineering knowledge has realized that the government’s bicycle program is based on emotion and superstition for purposes that exclude the welfare of cyclists.

	 Dare to learn safe and useful cycling for the joys that it provides. Cyclists fare best when they act and are treated as drivers of vehicles.

	 How to Use This Book

	 Effective Cycling is a book for all cyclists, from beginners to experts. It contains all the information I think is necessary for using a bicycle every day, under all conditions, for whatever purpose you desire. However, you won’t need all this information when you start, and you cannot learn it all in one reading. Besides, different people need the information in different sequences, because they start with different experiences and have different cycling interests. (Of course, if you are reading this book as part of a course, your instructor will assign readings to suit the instructional sequence.) Therefore, don’t sit down to read this book straight through from beginning to end. It is too much to learn at one time, and to learn well, you will need to practice each activity as you read about it. So start by looking up the subjects that you feel you need to know first. Read about one, then get the necessary equipment and practice the required skills. Then go on to another subject.

	 You may already have a bicycle that seems satisfactory and that you plan to use, at least for learning, in which case you don’t need to learn about bicycle selection now. Read chapter 1, “Mechanical Safety and Operational Inspection,” and decide what you need to do to put your bike in reasonable operating condition. Particularly in parts I and II, don’t try to learn all the subjects at once. The book is meant more as a reference guide than as an instructional sequence, and it doesn’t matter where you start. When you need to do something, read about it and learn the principles. Then put them into practice.

	 Learning to ride a bicycle well, or to ride well in traffic, seems to require knowing a lot of things all at once just to start. But by progressing from one principle to the next, you can manage well enough, even if there is a lot you don’t know. Start reading chapter 22, “Basic Skills: Posture, Pedaling Technique, and Maneuvers.” If you already know how to do these things, consider it review material until you reach something you don’t know. Then go out and practice these skills in an empty parking lot, in a park, or on a road with infrequent, slow traffic. Once you can control your bike, read chapter 26, “Basic Principles of Traffic Cycling.” Learn the five basic traffic principles; you probably know some of them already, although maybe not in these words. Then you can start riding on streets with low-volume, low-speed traffic. If you follow the five principles, you are unlikely to get yourself into serious traffic trouble on such streets.

	 You will now be able to travel about by bicycle on easy-traffic streets, which gives you the opportunity to learn real cycling. Until you can travel about to some extent, you cannot get enough practice to improve your skills or get to places where you can develop these new skills. As far as traffic cycling is concerned, read chapter 27, “The Why and Wherefore of Traffic Law,” and chapter 29, “Where to Ride on the Roadway.” As you read more, ride to places that have the conditions discussed and practice the principles you have learned. If the roads you have to ride to leave your home have conditions that are discussed later in the book, read those sections first. You need that information now, but don’t forget to return to the earlier material and then to review the later material. Learning is a process of building from fundamentals to advanced knowledge. In this way, you should learn all of part IV, apart from riding at night, or in the rain, or in cold winters until you need these skills.

	 Even at this level, cycling shouldn’t be all study and practice. You may have to make repairs to keep going; you may want to improve your bicycle; and you should be having fun and enjoying your better physical condition. Suppose your derailleur doesn’t work easily, and in any case you think that your gears are not correctly chosen. Then read about derailleurs and proper gear selection, so you have the necessary information for changing your gearing system. Suppose that you want to go cycling with other people. Then read chapter 38, “Club Cycling,” and learn what to do on your first club ride. That experience may make you want to go faster and further, if only to stay with the leaders. Then read chapter 24, “Keeping Your Body Going.”

	 So ride frequently, enlarging your horizons and meeting new conditions and new people. As you find you want or need to learn more, return to Effective Cycling. You will go a long way in cycling before you need a book that has more details on some part of cycling.

	 


	

I 
 The Bicycle

	 

		 
	 
	1 
 Mechanical Safety and Operational Inspection

	 Basic Inspection Questions

	 Before you start riding, you should inspect your bike. The mechanical part of the inspection consists of seven questions:

	 • Are all parts fastened on tightly?

	 • Are the tires fully inflated and free of cuts?

	 • Are all rotating parts properly adjusted?

	 • Will the brakes stop me quickly?

	 • Do the gears change and drive properly?

	 • Can I see and will I be seen if I ride at night?

	 • Do I have the proper tools for making roadside repairs?

	 Parts Tightly Fastened

	 All parts must be tightly fastened on, and all adjusting clamps must be tight. Pull, push, and twist each of these parts to see whether it is loose. If it is, tighten it or the clamps that hold it. Check the saddle, handlebars, handlebar stem, brake levers, brakes, cranks, pedals, derailleurs, carrier rack, mudguards, lamp, reflectors, and other accessories.

	 Wheels Tightly Fastened

	 Because a loose wheel is especially dangerous, wheels require a close check. See that the nuts or quick releases are tightly clamped. For nutted wheels, put a wrench on each nut and tighten it properly. For quick releases, open and close each quick release. It must take force to close but must close completely, so that the lever is next to the frame. If it doesn’t take force to close the lever to the position next to the frame, release the lever and adjust the nut on the other end until the lever closes properly.

	 Tires

	 Tires should be inflated to the pressure marked on them. Check with a gauge until you learn the correct finger-squeeze feel.

	 Tires should have all cuts repaired and no bulges, and no cords should be showing through worn tread.

	 Rotating Parts

	 Every rotating part should turn freely but not be loose enough to shake more than the smallest amount you can feel. Test wheels, cranks, and pedals by turning and trying to shake them. Parts that are too stiff or too loose require adjustment or repair.

	 The steering bearings must be most carefully adjusted. See that the handlebars turn freely. If there is any binding, the bearings are too tight. Then lock the front wheel either with the front brake or by steering the front wheel against a wall. Rock the bike forward and backward. If the front fork moves relative to the frame, the bearings are too loose. If you cannot achieve an adjustment that is firm in the straight-ahead position without binding elsewhere, the steering bearings (headset) require replacement.

	 The wheels and chainwheels should not wobble when they are turned. Spin each wheel and then the cranks. If a wheel or chainwheel wobbles as it spins, it needs straightening.

	 Brakes

	 Squeeze hard on each brake lever in turn. There should be room for a finger between the lever and the handlebar. If not, the brake cable needs tightening, either at the screw adjuster or at the cable anchor bolt.

	 Examine the brake blocks. The entire face of the block should touch the rim and not the tire, and the front end of each brake block holder should be the closed end. Reposition the brake blocks if necessary. If there is less than 1/8 inch of rubber outside the holder, get new brake blocks.

	 Examine the brake cables. If the outer housing is kinked or its coils are pulled apart, the housing must be replaced. If the inner wire has broken strands, which generally start inside the lever or at the brake end of the housing, the wire must be replaced.

	 Gears

	 Make sure that all gears work. For derailleur bikes, lift the rear wheel off the ground, turn the cranks, and shift through all gears. Both front and rear derailleurs must move far enough to move the chain onto each sprocket or chainwheel, but not so far that the chain falls off. Adjust to correct either problem.

	 On hub-geared bikes, shift into each gear in turn. When in each gear, lock the rear wheel by standing the bicycle on the ground. Then test the gear adjustment by forcefully slamming the crank forward. If the hub slips out of gear or jumps, at the very least the gearshift cable needs adjustment.

	 Nighttime Equipment

	 If you plan to ride at night, you must have a headlamp and rear reflector. Both must be firmly fastened on. Make sure that the lamp or generator works. Examine the rear reflector carefully. It should be at least 3 inches across. It should not appear to be divided into three panels. It should be positioned so that it can be seen from behind, even when you are carrying a load.

	 Roadside Repair Tools

	 You should be equipped with tools for roadside repairs. These include a multisocket (dogbone or dumbbell) wrench, a 6-inch adjustable wrench, a tire patch kit, tire irons, a pump, a narrow-blade screwdriver, and hexagonal (Allen) keys of the sizes required for maintaining your bicycles (most commonly 5 mm and 6 mm).

	 


	

2 
 Bicycles, Tools, Equipment, and Clothing

	 The Bicycle Industry and Bicycle Shops

	 Before even considering buying a bicycle, you need to consider the large differences between bicycle shops and the changes in the industry over the last decade. It used to be that the American market was served by two classes of manufacturer and bike shop. There were the toy bicycles sold in department stores, auto parts stores, and local bike shops, and then there were real bicycles, generally made by European firms or by custom frame builders, sold through a few real bicycle shops. Real bicycles came in a range of types, from utility bicycles through bicycles for club cyclists to top-quality racing and touring bicycles. However, all the sporting bicycles had a strong family resemblance, and changes were infrequent. The higher end of the utility market was served by imitation racing bikes, which were not the best choice for utility service and were felt to be uncomfortable by people who rode infrequently. A real bicycle shop could get you parts for any real bicycle, because there weren’t many brands and models of parts and they all came from a few European manufacturers. The shop probably didn’t carry everything, but its personnel knew where to get everything. The mail-order firms carried practically everything, and many cyclists depended on them for parts, or even frame sets and complete bicycles, either from domestic distributors or from European firms.

	 The situation is different today. In many ways it is better, but in some ways it is more difficult. The market for real bicycles has expanded, diversified, and specialized. Two closely linked events signaled the change: Japanese firms began making bicycles primarily designed for the American market, and in the United States, the old heavyweight bicycle gave way to the lightweight and adaptable “mountain bike.” These events were linked by the arrival from Japan of wide-range, many-speed derailleurs, which made the mountain bicycle a practical proposition. Mountain bikes have seized a large part of the market. Low-end mountain bikes have replaced utility bikes almost completely, for they have a somewhat better design for that use than did the imitation racing bikes. The high-end ones serve an entirely new market of off-road cycling, as well as being used for on-road cycling (for which they are a poor design). The triathlon bike has evolved from the club bike into a specialized design that is suitable only for time trials. The road-racing bike has gone from 10 speeds to 16, and its components have improved. However, the touring bike has been neglected. Manufacturers have not yet installed wide-range derailleurs on touring frames; in fact, many have stopped making touring bikes entirely.

	 Frames of each design are now made in steel, aluminum or titanium alloy, and composite fiber, which all have different optimum sizes for their frame parts and hence for the components that fit them. And beyond this proliferation of designs and materials, an increased number of manufacturers are seeking to supply this increased market, with the European firms that used to supply the entire market now competing with new designs against the Japanese firms that made the most significant improvements in component design in two decades, as well as even newer American firms.

	 This discussion is important because buying a bicycle is not like buying a car. When you buy a car, what you order is what you keep; you don’t decide one day to slip a Jaguar engine into a Buick body. But you can make major changes in a bicycle because bicycle components are made to standards that allow interchangeability. You can easily switch derailleurs, wheels, brakes, hubs, headset bearings, bottom brackets and cranks, rims, handlebars, and saddles, as long as the new component is made to the same size standard as the old one.

	 There are so many different brands and models that the typical bike shop is overwhelmed. Most can carry only a small fraction of what is available. The mail-order firms are similarly overwhelmed. In the old days, they carried everything; though they carry more parts today, in some ways they have standardized to a smaller variety. If you want a new double-chainwheel crankset, the chainwheels are 42T and 52T; if those don’t suit you, you are out of luck. Chainwheels of other sizes are available, but only from specialist distributors with Internet catalogs. Therefore, once you become an enthusiastic and thoughtful cyclist and decide that you need special parts, you need to work with the kind of bicycle shop or Internet catalog that carries a wide variety of parts and whose personnel know how to identify, recommend, and order the parts that they don’t carry. Because designs now change rapidly, they must have the latest catalogs. Sure, you may start with another bike shop (perhaps one that is more convenient or that sells cheaper bikes), but once you become an enthusiast and know what you want, it is best to work with a well-informed shop.

	 There are three kinds of Internet retail suppliers. One kind sells all the items that you might find in a well-stocked bike shop but concentrates on the most popular items of each type. The other kind sells only bicycle parts but can supply all the variations that are made. A still different kind carries a wide selection of bicycle tools. Each of these companies will send a catalog upon request (some may charge for it). Often, consulting an Internet catalog will give you a better understanding of the range of parts offered than visiting one bike shop.

	 Bicycle Selection

	 There has been a lot of misinformation written about bicycle selection. Be cautious about everything that you hear or read. This chapter will stick to basic principles because there are too many details. I will consider bikes in the moderate and medium price ranges, because you are not ready to select a high-priced bike until you have had sufficient experience to decide how you want to ride and to develop your riding style. At the other end of the scale, stay away from low-priced bikes, which don’t run properly when new and cannot be adjusted to run any better.

	 Selecting a bicycle does not necessarily mean buying a new bicycle. Particularly if you are starting out or are resuming cycling after a long hiatus from riding, you might be considering borrowing a bicycle or examining your old one, to see if it would suit you until you learn more about your own cycling style and can buy with more assurance that you will get what you want.

	 In the moderate-priced field, there are three styles of bicycle: the utility bike, the mountain bike, and the road bike.

	 Utility Bike

	 1. Raised handlebars

	 2. Mattress saddle with springs

	 3. Generally either a three-speed rear hub or a five-speed rear derailleur without a front derailleur

	 4. Pedals with rubber treads

	 5. Medium-width tires

	 The utility bike is the cheapest of the three. It is intended for short trips, possibly with a load, by nonenthusiast users such as children going to school. It is heavy, durable when well made (although many are just cheap copies of better bikes), comfortable for short trips but uncomfortable and clumsy for longer trips. You can learn the elements of cycling with a utility bike, but once you have learned a bit, you will appreciate a better bicycle. Even for just cycling around town, its weight and inefficiency make it more difficult to maneuver in traffic.

	 Mountain Bike

	 1. Flat handlebars

	 2. Smooth saddle

	 3. Front and rear derailleurs producing 12 to 24 gears with a very wide range

	 4. Wide metal pedals (for wide shoes), or sometimes narrow pedals with either toe clips and toe straps or “clipless” foot retainers

	 5. Smaller frame

	 6. “Fat” tires, often with knobby tread for muddy surfaces, but obtainable with smooth tread for road cycling

	 Many people think that the mountain bike, with its comfortable posture and ride, its ability to jump curbs and potholes without damage, its wide-range gearing for the steepest hills, and its damage-resistant tires, is today’s utility bike. Maybe it is, but I think the mountain bike is not well suited for much of what we now consider utility cycling. Its main characteristics—the upright posture and the fat, knobby tires—produce excessive wind resistance and rolling resistance, making the mountain bike unsuitable for the longer trips that sprawling modern cities require.

	 Road Bike

	 1. Dropped handlebars

	 2. Smooth unsprung saddle

	 3. Front and rear derailleurs producing 10 to 24 different gears or “speeds” with only a moderate range

	 4. Pedals with metal treads, nearly always fitted with “clipless” foot retainers

	 5. Narrow tires (wired-on for most purposes, tubular for racing)

	 Without question, the road bike design is superior for all road uses. The dropped handlebar allows a choice of position: as high as the raised bar for slow riding and a change of posture, lower for better drive and lower wind resistance, and forward for better control over uneven surfaces and when braking. The smooth saddle supports the body without chafing the legs, and the absence of springs prevents power-robbing bouncing. The road bike design usually has the saddle further forward to place more of the rider’s weight over the pedals at the point of greatest effort, so the rider is lifted upward instead of tipped backward when pedaling harder. The narrow tires have low rolling resistance but, with modern materials, adequate resistance to damage. These are such great advantages that the road bike design should be chosen for all riding except strictly neighborhood utility riding or real off-road cycling.

	 Road bikes come in several different types for different uses. One use is road racing, with slightly different varieties for bicycle races and for triathlons. Another is one-day club and recreational cycling. A third use is for long-distance touring with touring loads. Too many of the present road bikes are designed as racing bikes; too little attention is paid to the club, touring, and serious utility markets. This is partly a reflection of customer demand and partly a matter of manufacturer conservatism. I think that many purchasers of what are essentially cheap road-racing bikes with club-cycling wheels would purchase club or touring bicycles if good ones were available at reasonable prices and if they understood the advantages of such designs for their particular purposes.

	 The number of speeds (gears) does not define the type of bicycle. A road bicycle may have from one to more than 20 speeds. Although most modern road bicycles have derailleur systems with 14 to 24 speeds, other types still exist. The one-speed fixed-gear bicycle (the pedals must turn whenever the wheels turn) once was the standard racing bicycle and is still advantageous for training. Some older road bikes have five-speed derailleur clusters with dual chainwheels, giving ten speeds. Still others use internally geared rear hubs, with three to seven speeds. A road bicycle is properly defined by the shape of the frame and handlebars and the type of wheels and tires, all designed for efficient cycling.

	 You should also consider what uses you will make of this bicycle. If you might cycle in the rain, you need a bicycle on which mudguards can be mounted. This installation requires adequate clearance between the tires and the frame, brakes that have the appropriate reach, and eyelets on the fork tips and the rear dropouts to which you can attach the mudguard stays. If you might carry loads, then you need an adequate rack. The best racks are custom-made and are mounted on brazed-on brackets, but reasonable clamp-on carriers are available.

	 The Good Utility Bicycle

	 If you do a lot of utility cycling, you may want to build up a good utility bicycle with the following attributes:

	 1. Shaped the way you like

	 2. High-quality components

	 3. Pedals that you like

	 4. Gearing adequate for your rides

	 5. Good lights

	 6. Strong racks

	 7. Mudguards (if you ride in the rain)

	 Sometimes such bicycles are made and sold, usually by specialist dealers, but because such bicycles have not been a market success, you may find that you need to build one up from used parts that you either already have or purchase secondhand. By the time you are ready for this, you will have sufficient knowledge and my advice wouldn’t be sufficiently detailed.

	 One complaint commonly made about the road bike, and a reason for advocating the mountain bike, is that the crouched-over posture is uncomfortable. The crouch, however, is not a characteristic of the road bike, but only of the particular handlebar position adopted by the rider. People who aren’t comfortable down on the drops, and who don’t feel much need to get there because they don’t ride fast or don’t often ride against the wind, should pull their handlebars higher, using a taller stem if necessary. Then they will have the advantages of three positions without an uncomfortable crouch.

	 Buy from a real bicycle shop, not a discount house, a department store, or an auto parts dealer. If there is no good bicycle shop near you, you probably would do better buying from a mail-order bicycle shop than from some other outlet. Buy a road bike unless you have specific intent to do off-road cycling. You won’t need and don’t yet have the cycling experience to select a first-class bike of any type, so get a compromise bike suited for club cycling, but one that will accept mudguards and a carrier rack. When you want a better bike, and have sufficient experience to know what you want, you can relegate this bike to around-town or rainy-weather service, so get one that is adaptable.

	 The current minimum price for the poorest reasonable ten-speed is $400. A much better machine can be bought for about $800. Get a diamond frame (man’s frame), not a woman’s frame, because it is more rigid, runs better, and is easier to resell. If you are very short, get a mixte frame, or consider a bicycle with 650B wheels and a short top tube (so you don’t have to stretch for the handlebars).

	 Double chainwheels with a 10- or 12-tooth difference, used with a sprocket cluster ranging from 14 to 26 teeth, are not ideal but acceptable to start with. The cranks will be light alloy, held to the axle with nuts or bolts and requiring a matching extractor tool to remove. A pie-plate chainwheel “protector” is unnecessary and may be removed. Instead of holding the chain on the chainwheel, it sometimes jams the chain; its only function is to protect your trousers, and trouser bands do this better.

	 With a bicycle of this class, you probably can’t specify the gearing system you want (sprocket and chainwheel sizes, with derailleur to match). If you can, then consult chapter 5 before doing so.

	 Derailleurs are the components that made most spectacular progress in the 1980s. All those that are now made work extremely well over their designed ranges of gears. In the old days, one had to shift with great care. The levers moved freely (without indexing). Shifting performance changed as the chain wore, and shifting performance at the rear changed depending on which chainwheel was in use. Often one shift required two motions, one to make the chain move to the desired sprocket and a second motion in reverse to center it onto that sprocket. Nowadays, the major manufacturers offer indexed shifting. Each lever has a particular click-stop position for each sprocket. Move the lever until it stops at that position and the derailleur automatically moves the chain to that sprocket. However, the manufacturers also say that to make the indexing system work properly, you must use their own chains and sprockets with their derailleurs, and only for the range of sprocket and chainwheel sizes that they specify. You need not follow this advice, because economical substitutions are now available; check the catalogs and ask for advice on which parts work together.

	 The derailleur levers must be either on the down tube or at the handlebar ends. Levers on the top tube or on the handlebar stem are too likely to stab your crotch in case of a collision, and levers on the handlebar stem affect the steering when you shift.

	 The wheels will have 700C-size rims and tires, or 27 × 11/4-inch for cheaper bikes. 700C is the better choice; good 27 × 11/4-inch tires may well become hard to find. These wheels will be built on light-alloy hubs that probably have quick-release levers (so that the wheels can be removed from the frame without a wrench). You don’t really need quick releases with these tires, because you need to get out your tools to change a tire tube anyway, but they are a convenience if you often remove the wheels to carry your bicycle in a car.

	 The wheel rims ought to be of light alloy, both to save weight and to allow the brakes to work well in rain. There is no reason to buy a bike with chrome-plated steel rims today. Because wheels and tires have the most effect on the bike’s rolling friction, buy good wheels. And because flats are the most frequent repair problem and always happen on the road, get rims and tires that are easy to repair. Buy wheels with hook-bead rims rather than Welch rims (see chapter 8), and buy high-pressure tires with steel bead wires.

	 The brakes can be sidepulls with a center pivot or centerpulls with two pivots. Each brake must have a cable-length adjuster. Some makers skimp on these, but they are easy to install. Auxiliary brake levers are undesirable; most kinds reduce the operating stroke of the lever, they generally cannot be fully applied, and your hand position when you are using them does not provide the steering control you need while braking.

	 If your tires are much wider than the rims, brake quick releases will let you replace a wheel even when its tire is inflated. If you need these, get brake levers that have the kind of quick release that cancels automatically the next time you use the brake.

	 The saddle must be smooth leather or plastic, without springs. Some people like a suede finish.

	 The handlebars must be of the “dropped” (i.e., downturned or “racing”) type.

	 What is most important is that the bicycle fit your size, build, and style of riding. The trouble is that you cannot tell, without lots of experience, what is exactly right for you. So start with an average bike of the correct size. The size should be such that you can just straddle the top tube with both feet flat on the ground. This will enable you to make safe traffic stops.

	 Testing a Bike for Purchase

	 With the help of the salesman, get the bike adjusted before you buy it, and test it before you accept it. It should track straight with your hands off the handlebars, without your having to lean it sideways, and you should be able to steer it by leaning about equally to each side. Turn the bike into sharper corners with your hands on the handlebars, to check whether it feels the same for right and left turns. If it meets these tests, it is probably near enough to correct alignment; if it doesn’t, it may have a bent frame.

	 Check each bearing for smooth rolling without perceptible looseness—this includes the bearings in the wheels, the cranks, the pedals, and the steering head. Check the brakes by squeezing the levers hard. The levers must not reach the handlebars, the brake blocks must touch the rims squarely, and on centerpull brakes neither of the cable hooks must get within ½ inch of its cable housing stop.

	 While riding, shift the rear derailleur from high to low and back again, using one chainwheel and then the other. In particular, check that the chain will shift into and out of the large-chainwheel-and-large-sprocket combination, and that in the small-chainwheel-and-small-sprocket combination the chain is still tight on the lower side. If the bike has a triple chainwheel, the derailleur may not take up all the slack in the chain when the chain is on the smallest chainwheel and several of the smallest sprockets. In this case, you must never use these combinations. (If you inadvertently shift into one of these, the chain can jump off, it is difficult to shift out of that gear, and it is possible that trying to do so will damage the rear derailleur.)

	 If you are unfamiliar with bikes, learn the tests in this book on someone else’s bike before visiting the bike shop. (See also the section “Sensitivity and Bike Selection” in chapter 3.)

	 Tools

	 The correct tools will enable you to do the easier and more frequent repairs. You should carry with you the following items:

	 1. A 6-inch adjustable-end wrench (crescent wrench)

	 2. A dumbbell-shaped multisocket bicycle wrench, or a set of ¼-inch-drive socket wrenches with T handle, in metric or inch sizes to fit the nuts on your bike

	 3. If you have adjustable hubs, flat steel open-end bicycle cone wrenches to fit them

	 4. A spoke wrench of the correct size for your spoke nipples

	 5. A screwdriver with a stubby narrow blade, particularly for adjusting derailleurs

	 6. Allen (hex) keys to fit the socket-head screws on your components.

	 Some equipment requires special tools, which you should add to this set if necessary. A 10-mm box-end wrench can be bent to fit Campagnolo seat posts, and an 8-mm socket wrench is needed for Campagnolo handlebar shift levers. One firm offers a tool that combines an adjustable wrench, a crank bolt socket, a chain riveting tool, Allen keys, and a screwdriver. This may be a compact solution to the problem of too many tools in the bag.

	 After you have collected the tools that you think you need to tighten every bolt, nut, and screw, go over every bolt, nut, and screw to make sure that you actually have the matching tool, and also that you are not carrying tools that your bike doesn’t need.

	 You should also carry a tire repair kit consisting of the following:

	 1. A pump on the bicycle with the adapter to fit your type of valve, Presta or Schrader (short fat pumps are for low-pressure fat tires, and long slender pumps for high-pressure narrow road tires)

	 2. Two tire levers, at least one of them with a hooked end (three levers if you use fiber-bead tires or if your tires fit tightly to the rims)

	 3. Two tire boots of cotton denim, cut to approximately 1 × 2-inch and precoated with contact cement

	 4. Abrasive cloth about 1 × 2 inches, or sandpaper glued to a tongue depressor

	 5. Six tire patches

	 6. A tube or bottle of rubber tube patching cement

	 7. A foot of ½-inch adhesive tape or duct tape, rolled up

	 8. A spare inner tube

	 9. A small bottle of contact cement (the flammable kind with toluene as the solvent) with the cap wrapped in friction tape for easy unscrewing

	 Users of tubular tires should carry a pump and two spare tires.

	 For home repairs and maintenance, you will need the following:

	 1. An inexpensive bicycle workstand, which can be made from two pieces of clothesline or a few blocks of wood (described shortly)

	 2. Two fine-tipped oil cans

	 3. And old or cheap 1-inch paintbrush for cleaning

	 4. A baking pan, about 9 × 13 inches, to catch drippings

	 5. Jars or foil cups for parts, solvents, and the like

	 6. Rags for cleaning

	 7. A quart of SAE 90 automobile rear axle (hypoid) oil

	 8. A quart of white gasoline (Coleman fuel)

	 9. 1–4 quarts of kerosene for cleaning

	 10. A small can of grease (auto chassis grease, not wheel bearing grease)

	 11. Talcum powder for dusting inner tubes before returning them to their casings

	 12. Plastic rubber (Duro) or rubber material (Devcon) for filling cuts in tire treads

	 13. Contact cement (Weldwood) (the brown, flammable type with toluene solvent, not the white nonflammable type emulsified in water)

	 The following tools will enable you to repair almost any component other than the frame. They are tools for occasional use—not as easy to use or as reliable as the ones that professionals use, but much cheaper.

	 1. A chain riveter

	 2. A homemade bottom-bracket fixed-cup extractor (see chapter 11), or the special tools required for your brand of bottom bracket set (see item 10)

	 3. A 12-inch adjustable wrench for headsets, freewheel removers, and bottom-bracket cups, or fixed wrenches to fit

	 4. Two chain wrenches for disassembling the gear cluster, or other special tools that your cluster requires

	 5. A freewheel remover to fit your freewheel

	 6. A homemade cluster holder (see chapter 16)

	 7. A crank extractor for your type of cranks

	 8. A socket wrench to fit the crank bolt

	 9. For cottered cranks, a homemade crank support and steel punch

	 10. For cartridge-type bearings in hubs or bottom bracket, the appropriate tools for disassembly and reassembly

	 11. Wire cutters

	 12. A soldering iron and supplies

	 13. An 8- to 10-inch flat file for filing the ends of brake and gear cable housings, crank cotters, and so on

	 14. A hammer

	 15. Wood blocks to protect the headset during installation

	 16. A foot-long ½-inch-diameter aluminum bar for use as a drift

	 17. A homemade rim jack (see chapter 19)

	 Your work will be easier if you have access to a workbench, a bench vise, a grinder, and a wheel-truing stand.

	 Your workstand need not be complicated or expensive. Its purpose is to hold the bike’s wheels off the ground so that you can do effective maintenance and repairs. You cannot adjust derailleurs without having the rear wheel free to turn. You cannot true wheels without having the wheel free to turn, or having a wheel-truing stand.

	 The simplest workstand consists of two pieces of clothesline hung from rafters. The rear piece has a loop about 6 inches across tied in its end to slip around the nose of the saddle. The front piece has a wooden toggle tied into it 2 feet above the end and a small loop tied in the end. The end is passed under the stem just behind the handlebars, and the loop is hooked over the toggle. Spacing the two ropes farther apart than the saddle-to-handlebar distance reduces sway. This setup is best for cleaning, because the dirty drippings from the chain fall clear as you clean. It is also a good way to store a bike so that it won’t be knocked over and the tires don’t get flattened if the bike is left standing for a long time.

	 The next simplest workstand puts the bicycle upside down. Cut six pieces of 2 × 4-inch lumber about 6 inches long, and pile them in two piles of three each. Glue or nail them together. Get a clean cloth about 12 inches square. Arrange the bike upside down with the saddle on the cloth and the flat parts of the handlebars resting on the blocks. The upside-down position is best for wheel truing. This workstand tends to slip. A better one is made in one piece (figure 2.1). Cut a crosspiece about ¾ × 4 × 16 inches and two uprights ¾ × 4 × 7 inches. Cut a notch to receive the handlebar into the end of each upright. Mount the uprights by gluing and nailing, or screwing them onto the crosspiece 9 inches apart. Use this stand just like the previous one.

	
[image: Figure 2.1]Figure 2.1
 A simple bike stand. The bike rests upside down with the handlebars in the notches.




 Another simple, commercially available workstand has a hooked top and two legs. The top fits around the down tube just ahead of the bottom bracket and the legs extend rearward so that the bike rests on the front wheel and the two legs of the stand, leaving the rear wheel raised free for derailleur adjustment.

	 A good way to store a bike indoors is to put a big hook in a wall 7 feet off the floor, with the hook parallel to the ground, or into the ceiling 12 inches from a wall. Catch the rim of the front wheel on the hook and let the bike hang vertically as if it were trying to climb the wall. This is what is done on European trains.

	 Spare Parts

	 Even though parts that require frequent replacement are normally available at bike shops, if you have the part at home, you can make a replacement the same day. If a part is difficult to obtain, having one on hand may prevent a lengthy delay in getting your bike on the road again.

	 These are common wearing parts that you should keep at home:

	 1. Brake and gear inner wires

	 2. Brake cable outer housing

	 3. Brake blocks

	 4. Tire inner tubes (several)

	 5. Tire outer casing (one or more)

	 6. Rim tape

	 7. Handlebar tape or other covering

	 8. Chain

	 9. Spokes and nipples of the correct lengths for your wheels

	 10. Bearing balls of the common sizes, if any of your components have bearings that use them; many modern components use cartridge bearings instead

	 11. At least one spare rim and sufficient spokes to build a new wheel (if you build your own wheels)

	 Clothing

	 You can ride in almost any clothing, but the active cyclist wears clothes that meet the special needs of cycling. Earlier editions of Effective Cycling carried instructions for repairing and even making shorts, because proper cycling clothing was often difficult to obtain. Nowadays, the cycling clothing that is readily available is generally far better than any that was available before. Owing largely to improvements in fibers and fabrics, cycling garments fit better, are more comfortable despite sweat or cold, wear longer, and wash cleaner.

	 In warm weather, the cyclist wears cycling shorts and jersey. The shorts fit tightly and are long enough to extend below the saddle edge, and have a crotch lining made of special fabric. This fabric is the best material to protect the skin against the pressure and friction of saddle contact, so the shorts are worn without underwear. The shorts have no pockets because their contents tend to shake and rattle against the moving thigh. The shorts are made of stretchable synthetic fabric. They used to be made in black only, partly to conceal the stains of saddle contact, chain oil, and dirty hands, but nowadays practically any color is acceptable because the material washes much cleaner and because many cyclists use plastic saddles that don’t stain the shorts.

	 A cycling jersey is a tight, short-sleeved shirt with a zippered, round neckline. It is long enough to reach well below the waist (so it covers the waist when the wearer is in riding posture), and it has pockets over the lower back, and maybe on the chest also. Though high-quality jerseys are now readily available from many sources, the designs suffer from excessive emphasis upon racing and well-supported large rides. Front pockets are left off because they create wind resistance and aren’t necessary when food is handed up to you or food stops are frequent. Today, if you feel the need for more pockets you sew additional front pockets into a jersey that doesn’t come with them.

	 For cooler weather, the cyclist adds arm and leg warmers—tight-fitting “sleeves” extending from wrist to jersey sleeve, and from ankle to shorts—that can be added or removed without disturbing the jersey or the shorts. These are held up by elasticized tops backed up by patches of hook-and-loop fastener or safety pins. The fabric is the same as the jersey’s. For still cooler weather, the cyclist wears a sweater and a nylon-shell windproof jacket or a “warmup” suit with tight-fitting zippered calves.

	 Touring cyclists usually wear normal shorts or trousers, shirt, and sweater, though keen tourists in cool weather may wear specially made trousers with tight-fitting zippered calves and the same crotch lining used in cycling shorts. Sewing such a crotch lining into normal trousers is easy, and the linings are available at better bike shops. Permanent-press polyester knit slacks in dark colors enable anybody to ride to work and appear neat shortly after arrival. (But some polyester knit fabrics snag easily and are destroyed in a few miles—and I cannot tell you why.) With long trousers, always wear trouser clips or bands on both legs to protect the fabric from chain grease and abrasion.

	 Cyclists can be subjected to simultaneous extremes of temperature, wind, humidity, and effort. Three minutes after the intense and sweaty effort of climbing the sunny, windless side of a pass, a cyclist may be sitting motionless and descending the shady side at 30 mph against a 20-mph wind. Cyclists must anticipate such extreme conditions by carrying several layers of clothing that can be worn separately or together, with a light windproof jacket for the top layer when necessary. The chronic problem is getting too hot and sweating and then becoming wet and cold; that problem is best solved by any of the several varieties of good wicking material. Keep your clothes adjusted so that if you sweat it will evaporate quickly, particularly around the trunk.

	 Polypropylene fiber is particularly good for cold-weather underwear. It transmits the water vapor of your sweat without absorbing it, so it remains comfortably dry and warm even when you sweat. However, polypropylene has insufficient durability for outer garments. Jerseys made of it are very comfortable, but show pilling and look old after one month’s wear. (Polypropylene is very flammable; be careful when warming up near open fires.)

	 In cold weather, a cyclist’s fingers are exposed to the wind and grip cold brake levers. Two-layer protection is required, with warm mittens inside windproof outer covers. Foam-lined skiing gloves are also good—the foam stays warm when wet. A cyclist’s toes are similarly exposed, requiring warm socks inside windproof shoe covers.

	 Cycling shorts and trousers must not be washed in detergent. When they are, the detergent residues get rubbed into the skin and cause sores that resemble chemical burns. Use only pure soap, or even no soap, when washing by machine.

	 Gloves

	 For safety purposes, cyclists often wear fingerless gloves with leather-padded palms and cloth-mesh backs. The leather palms serve two purposes: they cushion the hands against the handlebar to help prevent numb fingers, and they provide protection in a fall.

	 Shoes

	 Touring shoes are much like running shoes with stiff soles (and sometimes a molded groove across the sole to accommodate the back bar of a conventional pedal). They fit double-sided pedals and pedals with clips and straps. They are intended for situations in which the user expects to do considerable walking, doesn’t want to change his shoes, and doesn’t desire the highest cycling performance.

	 Racing shoes with clipless cleats are like those with old-fashioned cleats, except that their cleats are designed to fit one or another of the clipless pedal systems. They can be used only with the appropriate clipless pedal. Rubber oversoles are available for some styles of cleat; these clip over the cleat and permit walking in some comfort and with less chance of slipping.

	 Mountain cycling can be done in any kind of shoe or boot, but special mountain cycling shoes are available. These are like running shoes with a cleat for the mountain bike’s clipless pedal inserted flush within the sole, so they can be used for walking, scrambling over rocks, and cycling. Similar designs are intended for the kind of touring that includes walking around towns or exhibitions.

	 Shoes must be both wide enough at the toe and long enough for plenty of toe-wiggling room. But sufficient room does not guarantee comfort. A shoe should be shaped and the closures adjustable so that it keeps the foot back at the heel of the shoe, allowing the toes room to wiggle. The motion of pedaling always tends to push the feet forward in the shoes until the toes touch the ends. That results in exquisite pain, like a knife through the toes, after about three hours of riding. To prevent this, the shoe should be wedge-shaped, with the top sloping down toward the toe. When you tighten the laces, your foot will be held back by the shape of the shoe top—not by the toes. The extra length is useless if your toes push forward against the tip. One method of reducing tension across the toes while maintaining it against the body of the foot is to lace only the top half of the shoe, letting the toe part expand. The new shoes with several straps secured with Velcro are faster to get on (important to triathletes) and allow different tensions in the different straps for the best combination of comfort and security.

	 Foot Retention Systems

	 Cyclists who do any amount of sporting cycling end up wanting to use some kind of foot retention system to prevent their feet from slipping off the pedals or just plain losing the best position. But you don’t start cycling with a foot retention system.

	 Using shoe cleats is another of those cycling actions that look dangerous and difficult but aren’t. Cleats have so many advantages that once you learn to use them, you won’t like riding without them. When I go to a meeting, I ride there in my cleated racing shoes and carry a pair of lightweight indoor shoes.

	 Cleats enable you to drive forward at the top of the pedal circle and to pull back at the bottom, distributing your effort among more muscles and making your drive smoother. Cleats also keep your feet pointing straight in the pedals, so that even when you are dead tired, your feet don’t slip and your ankles don’t bump against the cranks. Some form of foot retention and location is indispensable for developing the smooth, supple leg and ankle action that will carry you many miles at high speeds.

	 The oldest and simplest system is the toe clip and toe strap. These can mount on the plain rectangular double-sided pedal, so you learn with the plain pedal and then attach the clip and strap. The clip extends forward and up over the toe of your shoe and then back as far as the center of the pedal. The strap goes through slots in the pedal and then up through a flat loop at the top of the clip, and it has an easy tightening, quick-release buckle. You can use these with any shoes. If you wish to start this way, buy pedals, clips, and straps at one time, and make sure that the pedals will accept the clips and straps. Once you are comfortable with plain pedals, fit the clips and straps and learn to use them. Before 1980, some cyclists added cleats to sporting shoes used with clips and straps, but nowadays they use one of the modern foot retention systems.

	 “Clipless” systems provide a more rigid retention system that provides greater security for sporting and racing cycling. In general, the cyclist steps into the retention clip. Then, when he wants out, he disengages by twisting his heel outwards. These systems employ clips built into the pedal and cleats attached to the shoe, and, generally speaking, the set must come from one manufacturer.

	 Regardless of other differences, there are two general shapes. One shape has cleats extending well below the sole of the shoe, so that walking has to be done on the hard plastic cleats (the same was true of the old-fashioned aluminum cleats that used to be used with clips and straps). Racers and pure road cyclists tend to use this shape. The other shape has the cleat inserted into the sole of the shoe, so that walking can be done on the sole of the shoe instead of on the cleat. Mountain bikers tend to use this shape. I have used both shapes and find them equally easy for cycling use. By the time you are ready for a clipless retention system, you can probably decide which shape would be better for you.

	 Helmets

	 Helmets are a controversial subject. A bicycle helmet is designed to provide pretty good brain protection against a fall from your bicycle in which you hit your head on the road surface. However, most falls are sideways falls in which the impact is taken by thighs, hips, and shoulders. I suspect that the proportion of headfirst falls increases with the speed of cycling. If so, this means that helmets provide a greater amount of risk reduction for cyclists who habitually ride fast. Helmets are not and cannot be designed to provide brain protection from impacts by motor vehicles traveling at typical speeds.

	 Still, three-quarters of the deaths and probably three-quarters of the permanent disabilities among bicyclists are caused by brain injury. Protection against brain injury requires a helmet strong enough on the outside to resist puncturing by rocks and crushable enough on the inside to slow the skull gradually when hitting the ground. Crushability is the more important characteristic, and it requires at least half an inch of rigid foam. Choose a helmet that fits your head closely in a comfortable way from among those with a strong outer shell and a thick lining of rigid crushable foam. Buy only a helmet that is marked as passing the appropriate tests: ANSI or Snell in the United States, other names elsewhere.

	 Helmet wearing is politically controversial. Very large numbers of slow European cyclists operate without helmets, and there is no record of a high death rate. Mandatory helmet laws reduce cycling. The strong emphasis on the need for helmet wearing serves to exaggerate the fear that cycling is inherently dangerous and the belief that helmets provide great protection.

	 The most important first safety measure is riding so that you are less likely to get into accident situations. Watchfulness and skill in escaping them is the second. But when all else fails, you need to reduce the injury. Helmets are a relatively cheap investment that provides partial protection against the worst kind of injury to cyclists, brain injury. If you do a lot of cycling, particularly fast cycling, helmet wearing may be advisable.

	 Saddles

	 Much that has been written about saddles is merely folklore, lacking even the validity of careful individual testing, much less any measurement during use by large numbers of cyclists. The scientific work that has been done is insufficient to prescribe how to fit a saddle to a cyclist. However, the criterion is obvious: the saddle that is comfortable on long rides is the right saddle for you. As with shoes, some people are comfortable with one shape and others prefer a different shape. However, if you know the principles and recognize the misconceptions, you can find a saddle that is comfortable for you with less pain, time, and expense than you would incur otherwise.

	 A really bad saddle can be detected immediately or on a short ride. Cheap bicycles generally have painful saddles, not so much because they are badly made as because they are badly designed. Such saddles are rarely offered by good bicycle shops. The difficulty for the cyclist lies in choosing among good saddles, because only extensive experience that includes long rides will enable you to tell whether a saddle is right for you. There are two reasons for this. Obviously, a three-hour test won’t tell you if you are going to be bothered by pain that starts after six hours of riding. More important, as you use a saddle, your body becomes used to its particular shape and the saddle feels more comfortable, but simultaneously your body is losing its adaptation to saddles of different shape. Here is an example: from youth I rode on Brooks B17N leather saddles because these were the saddles that then were commonly supplied on good bicycles. In 1976, faced with the need to replace two saddles, I decided to try Cinelli plastic saddles on the two bicycles that I usually used in wet weather. After taking one of these on a two-week trip, on my return I found that riding my Brooks saddles had become painful. No matter how I tried, I could not keep my body accustomed to both Cinelli and Brooks saddles. Whichever I had been riding most recently was more comfortable than the one I had not been using.

	 This process of adaptation to the saddle that you ride may be the source of the folklore about saddle softness and the need to “break in” new saddles. The most common complaint about an uncomfortable saddle is that it is too hard. Therefore, many low-quality saddles, and some with higher pretensions, are covered with soft padding. It is also commonly believed that leather saddles are more comfortable than plastic saddles because they become soft with use and gradually conform to the rider’s body. Many cyclists have published recipes, some quite complicated, for softening new leather saddles, and one maker claims that its best model has been specially softened by an elaborate process. Folklore says that a new leather saddle is painful but that if you persevere it will become comfortable, and that a plastic saddle must be bought for initial comfort because it will not change shape with use. Because I was comfortable on my leather saddles when they were new, I never used any of the softening techniques. Rather, I protected my saddle from softening and stretching by protecting it from the rain whenever possible and never tightening the adjusting nut when the saddle was wet or had been recently used.

	 The match between your shape and the saddle’s shape is more important than anything else. I do not yet know enough about saddle fitting to tell you how to choose one. If you suffer from saddle pain or numbness, though, consider that the condition is more likely to be caused by the shape of the saddle than by its hardness, and it might even be caused by excessive softness. In particular, if you are a man, try a saddle that has a different width halfway back.

	 Adding soft padding is quite obviously wrong for women; it makes their problem far worse (see the following section). It is probably bad for men also. Padding merely distributes the cyclist’s weight over a larger area, without regard to whether that additional area is suitable for sitting on. For women, it certainly is not (as discussed in the following subsection). One of the problems for men is numbness of the penis after long rides. This is caused, according to one theory, by restriction of the flow of blood along the upper surface of the penis as it is lifted against the pubic bone. Obviously, added padding presses the penis more tightly against the pubic bone, and this presumably increases the problem.

	 The pain that develops during long rides is deep inside, around the points of the bones on which you ride. Softness in a saddle, whether plastic or leather, results in a hammock-like shape that concentrates its force at the points of greatest curvature—that is, precisely where the bones are pressing against it. It also spreads the force against areas that perhaps are less suited to sustaining it. A better distribution of force is obtained from a saddle that is sufficiently rigid to maintain its proper shape under load, thus protecting undesired areas from the force, while having flexible areas exactly where you should sit, so that the force is distributed over only these areas in a more equitable manner. The modern saddle with silicone-gel pads right where your bones press against it is a good example of thoughtful design.

	 Saddles for Women

	 A woman’s labia and clitoris extend downward, especially when she is “on the drops” in fast cycling posture. This becomes acutely painful in a short time. Thus, many women cannot ride in sporting posture on conventional saddles. Pelvic bones that are wide apart, as some women have, aggravate the problem because a woman with widely set bones sinks lower over her saddle, thus compressing her genitals harder against the saddle nose.

	 The answer is not to try to make a woman’s saddle softer by padding it; that exacerbates the problem by causing the saddle to press up against her over a larger area, including the area that hurts. The answer is to lower the portion she should not sit upon and to raise the portion she should sit upon. Tipping the saddle nose downward doesn’t work, because the rider than slides forward and puts too much weight on her arms.

	 Uncovered plastic saddles can be modified rather easily. Start with something like the Unicanitor 50, a bare plastic shell (the model with only three holes in the top is the better one) that retails for about $10. Because it is about ⅜ inch wider in the waist than the Cinelli-Unicanitor saddles, it is likely to be a better fit for a woman. Ride on it long enough to see where it really hurts when you are otherwise comfortable on your bike. If your genitals are painfully pressed against the saddle, it will be on the centerline about a third of the way back from the saddle nose.

	 Cut a slot in the center of the saddle, as shown in figure 2.2. Typically, the slot should be 70 mm long, with its front end 90 mm back from the saddle nose. The slot should be about 12 mm wide at the front end and about 24 mm wide at the back end, with half-round ends and beveled edges. Carefully check the way you sit to adjust the slot if necessary. Saddle plastic is tough, but a rotary file in a high-speed, hand-held grinder cuts it very easily. If you do not have access to a high-speed grinder, drilling followed by lots of filing (rotary and otherwise) and scraping does an adequate job. While you are at it, file off the horizontal mold line and the brand name to keep them from wearing holes in your shorts.

	

	[image: Figure 2.2]Figure 2.2
 A saddle modified for women. A bare plastic saddle is cut away at the place where it can become painful.


 Then ride the saddle again to see how it feels. Enlarge the slot if necessary. However, if you feel that you are still too low on the saddle, or that it is still too high up inside your crotch, don’t enlarge the slot, but raise the two places that you should sit on. Locate the places where your pelvic bones should sit on the saddle, which should be two areas about 25 mm in diameter on each side of the saddle waist. Roughen them with emery cloth. Then apply a layer of silicone rubber sealant over these areas to make the saddle wider and higher there. Apply about 3–4 mm of silicone rubber. Smooth it down and feather the edges. Let it harden for at least 24 hours, after which it will be firm, tough, and rubbery. Then ride again to feel the improvement. Add another layer of silicone if it seems desirable.

	 You can cover the saddle with thin, soft upholstery leather. Lay the leather over the saddle and cut it with a margin of about ½ inch all around. Cut and sew one or two darts to fit the nose of the saddle. Coat the inside of the leather with contact cement, and immediately put it on the saddle. The cement will soften the leather, so by pulling the leather you will be able to achieve a wrinkle-free fit. Tuck the edges over the rim of the saddle, and trim off any excess. The soft leather will depress into the hole in the saddle, preventing the edges of the hole from wearing out your shorts.

	 Several women I know have commented that these treatments produce the most comfortable saddles they have ever ridden, and Dorris has discarded good leather saddles in order to ride on cheap plastic ones modified this way.

	
	


	
3 
 Steering and Handling

	 How Bikes Steer

	 The modern bicycle is designed so that the slightest lean to one side turns the handlebars, so you steer toward the lean. This makes the bike stable—you can ride without hands—and it also makes it comfortable and safe to ride at all times. The steering forces are so small that we use ball bearings in the headset; the slightest excess friction causes the bicycle to handle badly. However, it is exactly the kind of service that ball bearings are least suited for and that causes them to wear out fastest.

	 Two features of the front fork cooperate to produce stable handling: head angle and fork rake. Head angle is the angle of the head tube (and therefore the steering axis) from the horizontal. On modern bicycles it is between 68° and 74°. Fork rake is the distance the front forks are curved forward of the steering axis. On modern bicycles the rake is between 1¼ and 2¾ inches. The designer chooses the combination of head angle and fork rake so that the wheel touches the road the desired distance behind the place where the steering axis intersects the road surface. (See figure 3.1.) The distance between these two points is called the trail distance.


  [image: Figure 3.1]Figure 3.1
 Head angle and fork rake are selected to  produce the desired trail distance for the desired handling quality.

	 

 With the bike upright, the force of the ground pushing upward on the front wheel (the force that resists the “weight” on the front wheel) is then behind the steering axis but in line with it, so there is no turning force. If the bicycle leans sideways to the right, the steering axis moves with it. Then the upward force is to the left of the steering axis and tends to turn the fork to the right. This puts the bike into a right turn, which prevents the bike from continuing to fall to the right. But the bike moves in a right turn only because the road is pushing it sideways as well as upward. The turning effect continues to turn the front forks until the turn is so sharp that the combination of upward and sideways force from the road points directly up the bike’s angle of lean. In effect, the bicycle that is leaned over for a turn selects the degree of turn that makes it “feel” upright again. By the same process, if the bike doesn’t lean, then the front wheel tends to stay straight ahead.

	 The greater the trail distance, the greater the self-steering effect, up to a point. Too much trail distance brings in another contrary effect, due to the lowering of the center of gravity as the front fork turns. In effect, this is a kind of falling over, and it makes the front fork want to turn too far. Bicycle designers take care not to go that far.

	 A bicycle with long trail is very sensitive and follows every lean you make. It is the kind of bike you don’t have to “steer” around curves—it seems to steer in response to your wishes, because it feels your change of balance as you ride. But if you are naturally a wobbly rider, you don’t want this effect—you want an insensitive bike that goes straight no matter how you wobble.

	 Sensitive steering is a disadvantage on rough roads because the bike cannot tell the difference between your leaning and the road surface’s tilting over bumps. A sensitive bike will attempt to follow the bumps of the road, so it takes more skill to control a sensitive bike on rough roads than an insensitive one. Thus, for rough roads, you want a less sensitive bike than for smooth roads.

	 The faster you go, the more you must lean for a given curve. Conversely, the faster you go for a given lean, the gentler the curve, and the less the front fork should be turned. 

	 A bicycle carrying a heavy load on a rear carrier tends to develop a front-wheel shimmy, for reasons that I do not know. Installing a front fork with less rake (greater trail distance) provides greater sensitivity to leaning and eliminates the shimmy.

	 What Stability Means

	 The word “stability” is commonly misused in analyses of bicycle handling. Noncycling engineers say that a stable bicycle is one that tends to continue straight over waves and cross-slopes or when ridden by a wobbly rider. In fact, such a bicycle is unstable because it has a short trail distance. This makes riding easier for wobbly cyclists, and it makes the handlebar movement feel easier; that is why such bicycles are sold. However, such a bike is slow to correct itself when the cyclist steers into a lean, and thus the cyclist has to compensate by making more small steering movements. Furthermore, the bike is more likely to suffer from front-wheel oscillation, and the absence of self-correcting forces allows the cyclist to steer at an angle that will make him fall without feeling the error. From test-riding bicycles that have unexpectedly dumped cyclists, I believe that this type of “stability” is unsafe.

	 Steering and Handling: Summary

	 Greater sensitivity (greater trail distance) is needed by skilled riders who steer by balance and for smooth roads, quick maneuvering in traffic, medium speeds on level roads, and carrying baggage.

	 Less sensitivity is needed by wobbly riders and for rough or slippery roads.

	 Sensitivity and Bike Selection

	 Of course you will do some of each type of riding, and you have to come to a compromise on sensitivity that will best suit you. The manufacturers try to make each bicycle model suit most of the people who will buy it for its intended use. Bicycles are generally designed to have the greatest sensitivity their riders could be expected to handle—with more caution for utility and toy bicycles and better feel for experts’ bikes.

	 Utility bicycles are least sensitive, in order to accommodate wobbly riders riding every day with moderate loads no matter how bad the road or how slippery the conditions. Fast traffic maneuverability would be nice, but the designers are cautious about too much sensitivity because the riders aren’t skilled enough to handle it.

	 Touring bicycles, which operate under similar conditions and on fast downhills also, are made moderately sensitive to quite sensitive because their riders are far more skilled, don’t wobble, and demand as much sensitivity as poor roads and heavy loads will permit them.

	 Road-racing bicycles are made to be sensitive because they never carry baggage and are ridden by extremely skilled cyclists who demand great sensitivity despite the high downhill speeds and sometimes rough roads.

	 Criterium racing bicycles are made extremely sensitive because they must be ridden through sharp corners and sudden maneuvers with the riders only inches apart.

	 Sloping the head angle away from the vertical and increasing the front fork rake work together. The further the head angle is from the vertical (that is, the smaller the number of degrees in the head angle), the more rake you need. Because these effects work together, it is difficult to tell just by looking what the steering sensitivity of a bike is. A bike with a vertical (90°) head and no rake would be so insensitive that it would be unstable, although it would look like the most extreme of criterium bikes.

	 You can measure a bike’s trail distance roughly by the following method: hold the bike upright with the front wheel straight ahead. Set a carpenter’s square upright on the floor beside it with one leg leaning exactly against the center of the front axle and the other leg on the floor pointing forward. Then align a taut string parallel to and exactly alongside the centerline of the head tube, and read how many inches forward of the centerline of the axle the tube axis intersects the floor. This method is inaccurate because of the difficulty of correctly aligning the string with the head tube. It is more practical to choose several bikes on the basis of other characteristics and then ride each of them to see how it feels. (Don’t buy from a dealer who won’t let you ride several bikes.) Better still, see if you can borrow a friend’s bike for a whole day’s ride.

	 Bikes with a short wheelbase, steep angles, and high bottom brackets are generally designed for maneuverability and sprinting; those with a longer wheelbase and shallow angles are designed for touring and easy riding. Angles today run from about 70° to 74°, wheelbases from 38 to 42 inches, and bottom bracket heights from 10½ to 11 inches. Steep angles apparently give better steering; short wheelbases give both a sharper turn for a given front-wheel angle and easier acceleration when sprinting. High bottom brackets enable you to take a turn at maximum speed and keep on pedaling without scraping the inside pedal on the ground.

	 When you ride a new bike, try to assess these six factors:

	 1. How comfortable your position on the bike feels

	 2. How sensitive the bike is for straight riding and gentle turns, and whether the responses to each side are equal

	 3. The extent to which the bike wanders because of a tilted road shape

	 4. Whether the bike acts as though it wants to go around curves at the speed you want to go without requiring either urging or restraint from you

	 5. Whether the bike oscillates at high speeds

	 6. How well the bike responds to your driving power, at the effort you want to exert

	 Try to ride the bike harder than you have ridden your present bike. If it feels better when you ride harder, you will end up by buying one like it and riding harder because it feels so good. Most other aspects of a bike can be changed or are optional, but these characteristics are built in and cannot be changed.

	 Steering Troubles

	 If your bike’s forks have been bent straight backward in a collision with a curb or a parked car, its steering will become more sensitive. Don’t worry about slight bending of this sort in a utility bike, because it didn’t have enough sensitivity to start with. But do worry about it in a criterium bike, and have the forks straightened if the bike is the least bit oversensitive or if it oscillates.

	 Steel forks can be straightened. Composite forks, if damaged at all, must be discarded; indeed, there are reports of undamaged composite forks failing. Aluminum forks probably require straightening by an expert in the metal.

	 If your fork or frame is bent asymmetrically, the bike will tend to steer to one side. If the bend is only slight, you will unconsciously compensate by leaning the bike a little as you ride. You won’t notice the compensation until you change bikes; the new bike will feel funny even though it is correct. If the misalignment is larger, you will keep pushing with your hands on the handlebars. This isn’t too bad, but the bike will also behave differently for right and left turns. The more sensitive a bike’s design, the more sensitively it reacts to misalignment.

	 If the head bearings get stiff, the bike wobbles from side to side. It wobbles because it takes more lean to start the turning action, and with more lean you need more turn to straighten up again. It takes conscious steering with your hands to counteract this effect, which takes skill and effort.

	 If the lower head bearing becomes worn, the handlebars and fork will oscillate violently right and left when you reach high speed. Because most riding is done with the front wheel very near the straight-ahead position, the road shocks cause the balls of the lower bearing to wear small indentations in both races at the locations taken by the balls at the straight-ahead position. Wear at all other positions is negligible. Therefore, if the front fork is turned slightly, the balls try to climb out of their indentations, which produces a force that moves the fork back toward the straight-ahead position. If the bicycle is moving fast enough and the indentations are sufficiently deep, the front fork will bounce back and forth as each ball moves from one side of its indentation to the other. If this happens to you, grip the handlebars firmly, grip the top tube between your knees, and slow down. Because this is the normal wear pattern for lower headset bearings, and because any visible indentation is sufficient to cause oscillation, periodically inspect the bearings carefully and replace them if any marks are visible.

	 Head bearings with rollers instead of balls, like the Stronglight-Mavic A9, promise both longer wear and much easier replacement.

	
	

	
4 
 Brakes

	 Brakes have to do two different things: stop you quickly and control your speed on long downhills. Adequate brakes do both properly.

	 Basic Test

	 Most bicycles considered here have rim brakes; a few may have disc brakes. The test for disc brakes is similar to that for rim brakes except for the pad details.

	 The basic brake test, which determines whether the adjustments are correct and the connections strong enough, should be done regularly.

	 While standing beside your bike, apply the levers as hard as you can, even using both hands on each lever. Nothing should break, and the levers should stop before touching the handlebars. If you have centerpull brakes, apply each lever separately while observing the movement of the cable yoke just above the brake. The yoke must never move up to touch the cable housing stop. This test ensures that your finger strength is delivered to the brake blocks, not to the handlebars or to the cable stop. (If you have a small bike, you may find that the rear brake cable yoke comes up close to the cable stop as the brake blocks wear. Always replace the brake blocks before the yoke touches the stop. The best cure is to switch to sidepull brakes, or to get a special short cable-stop hanger. T.A. cable-stop hangers can be shortened if heated with a blowtorch.)

	 Now inspect the brake blocks. Each must have at least ⅛ inch of rubber above the sides of the metal holder. Apply the brakes and look to see that the brake blocks are aligned with the sides of the rim. They must touch only the sides of the rim, not the tire. However, they must not be so far toward the center of the wheel that a section of the brake blocks won’t wear. If the brake block holders have open ends, the open ends must face the rear; otherwise, the motion of the wheel will push the brake blocks out of their holders.

	 If your brakes pass this inspection and test, they will work well enough, but they may not release completely. For a complete adjustment, read on.

	 Quick-Stop Test

	 Your brakes should always be more effective than they need be; this provides a margin of safety for slippery rims and worn components. The limit of your deceleration on a bike is not the power of the brakes but the bike’s tendency to pitch you over the front wheel. Whenever you apply the brakes, you can feel your arms pushing forward on the handlebars. Actually, it is the handlebars pushing back on your arms to slow you down, but it doesn’t feel this way. If you apply the brakes too hard, that forward push on the handlebars will tip you and your bike over the front wheel as the front wheel locks.

	 Your front-wheel brake should be powerful enough to cause a pitchover (which requires a deceleration of about 0.67 g). You can test the front brake when riding at walking speed by applying the brake suddenly and releasing it quickly. Do this gently and then more firmly until you get the rear wheel to lift, which proves that the front brake is effective enough. But be sure to release the brake quickly the moment the rear wheel lifts, or you will go over the handlebars. This is also good practice to develop your reflexes to regain control while riding.

	 The rear brake will not pitch you over the handlebars, because it makes the rear wheel skid first. But its deceleration is only half as great (0.3 g) because applying either brake lightens the load on the rear wheel and increases it on the front, so the rear wheel gets so light that it skids easily. (On the proper use of both brakes, see the section on panic stops in chapter 23.)

	 The quick-stop test measures the capability of the brake design. Practically all name-brand brakes are good enough, when adjusted, to meet the quick-stop test. Some are not, even when new. If yours cannot be made to meet the quick-stop test, dump them—good, simple brakes are cheap and reliable.

	 Brake Types

	 Most good bikes use rim brakes of either centerpull, sidepull, or linear pull design. In older sidepull brakes, both brake arms move on a single center pivot. The cable connects to one side of the brake, with the housing pushing against one arm while the inner wire pulls the other arm. In newer “dual pivot” sidepull brakes, one arm pivots on the center mounting bolt while the other arm pivots on a stud on the side of the first arm opposite the cable connection. In centerpull and linear pull brakes, the brake arms move on separate pivots, one on each side, but their cable connections differ. For centerpulls, the cable’s outer housing pushes against a cable stop (a little bracket that is mounted on the bike’s frame), and the cable’s inner wire is connected to a yoke that pulls a bridge wire attached to both arms.

	 For linear pull brakes, the cable’s outer housing pushes horizontally against one arm of the brake while the inner wire pulls horizontally against the other arm.

	 There are also two different kinds of brake mounting: center mounting and stud mounting. All sidepull brakes and some centerpull brakes mount on a bolt through the fork crown or the rear brake bridge, on the centerline of the bicycle. Therefore, these are interchangeable. The center-mounted centerpull brake has a frame that extends on each side outside of the tire to hold the two pivots. The pivots for other forms of centerpull and for the linear pull brake are studs mounted on the front face of the fork blades or the rear face of the seat stays.

	 The center-mounted centerpull brake is a rarity now. Road bikes tend to use center-mounted sidepulls; mountain bikes use stud-mounted linear pull brakes. Some road bikes that need powerful braking, such as tandems, use stud-mounted centerpull brakes.

	 Some mountain bikes, and some tandems, use disc brakes. For mountain bikes, this is because discs don’t pick up mud and dirt and aren’t as affected by water. For tandems, this is because discs can radiate away a lot of heat on long, fast descents.

	 There is one major danger with disc brakes on the front wheel. Most designs appear to have the brake pads behind the fork blades and therefore behind the axle. When the brake is applied, the front wheel rotation force is transferred to the two fixed points: the brake pads and the axle. The pads are pushed up and the axle is pulled down, and when the axle is pulled out of its fork tips, the accident is very nasty. For front wheel use, use only a disc brake with the pads in front of the fork blades, not behind.

	 Adjustment

	 Your brakes may need only the fine adjustment described in item 9 in the following list. Try it first to see if it will do the job. If not, then start at the beginning.

	 1. Inspect the brakes. See whether any major repairs are needed. Inspect the inner wires at the brakes, at all exposed places, and inside the brake levers for wear, rust, or broken strands. Inspect the brake arms for free movement without excessive looseness. Inspect the brake-cable housings for sharp bends, often found just above the brake levers. If you find any of these problems, proceed to the section on repair.

	 2. Replace the brake blocks. If there is less than ⅛ inch of rubber showing at any place over the side of the brake block holder, replace the pair of blocks. Remove the holders, and slide out, or pry out, the old blocks. Slide in a new pair, with the wider side at the bottom. If your holders have metal flanges on both ends  and both sides, you will have to squeeze the blocks in with pliers. It is okay to twist off the rear flange so you can slide new blocks in—holders were made this way for years with no problem.

	 3. Loosen the fine adjustment. The fine adjustment is a threaded barrel at one end of the cable housing, either at the lever or at the cable-housing stop. Loosen its locknut, and screw the barrel all the way into its holder.

	 4. Loosen the cable anchor bolt. The brake’s inner wire is bolted to the brake arm (on sidepull brakes) or to the bridge-wire yoke (on centerpull brakes). Undo the clamp bolt so the wire runs free.

	 5. Replace the wheel if you have removed it.

	 6. Adjust the brake block holders. Position the brake block holders on the brake arms so that the brake blocks are aligned with the side of the rim when applied against it. The brake blocks must not touch the tire. They must also not extend below the side of the rim, or the rim will wear “shelves” into them. (If such wear creates a shelf long enough to touch a spoke nipple when you apply the brake, the inertia of the wheel can bend the brake arm before you can do anything about it.) If the arm is twisted so that one end of the block touches first, straighten it by using an adjustable wrench on the flat end of the arm. (Old blocks will be worn parallel to the rim but slanted with respect to the holder. Adjust so the holder is parallel to the rim.)

	 7. Hold the brake blocks against the rim. With centerpull brakes, this requires either a spring tool known as a “third hand,” or an assistant, or 2 feet of string. If you use string, tie a 1-inch loop in one end. Loop that end over one brake block holding nut, then between the spokes to the other brake block, around its nut, and back to the first. Make two or three passes with the string, then hold the blocks to the rim and tighten the string. Hitch the string around the nearest stay or fork with a clove hitch. If you have sidepull brakes, you can combine holding the blocks to the rim with the next operation without using a tool.

	 8. Tighten the anchor bolt. Pull the brake wire taut through the anchor bolt, and tighten the anchor bolt. With sidepull brakes, remember to hold the brake blocks to the rim as you tighten the anchor bolt with the other hand. Then test by applying the lever hard; nothing should slip. Release the “third hand” if you have used one.

	 9. Fine adjustment. Unscrew the adjuster-barrel locknut. Unscrew the barrel to tighten the cable adjustment, moving the brake blocks nearer to the rim. The setting is proper when the blocks barely clear the rim as you spin the wheel and the brake  lever does not touch the handlebar when squeezed hard. Always lock the locknut after adjusting. If the wheel wobbles too much, you must true the wheel before you can get a good brake adjustment. If you must ride a wobbly wheel homeward, make sure the adjustment is tight enough that the lever will not touch the handlebar, even though the brake rocks as its blocks touch the wobbling rim.

	 10. Brake centering. See that the brake blocks are equally distant from the rim on both sides. If they are not, the brake must be recentered. On most brakes, this is easy. Loosen the brake mounting nut, rotate the brake so it is centered over the rim, and then tighten the nut. Apply the lever hard several times to get the parts to their natural position and then recheck. On some brakes, the return springs are not mounted on a rotatable bracket, so the springs must be bent with pliers or a screwdriver.

	 Repair

	 Your brakes may fail to release fully because something is dragging, or you may have identified worn cables or other troubles on inspection. If you are able to make the brake blocks move further apart from each other after releasing the lever, there is too much friction somewhere. First check the brake arm mounting bolts. On centerpulls, these should be tight, but the arm should still move smoothly without wobble. If the arm is tight, first try oil; if that doesn’t work, then disassemble to see what is wrong. On most better sidepulls, the arms are adjusted by a nut and locknut on the center bolt. Back off the outer nut. Adjust the inner nut so that the arms work smoothly but do not wobble when pulled backward and forward. Holding the inner nut with a thin wrench, lock the outer nut against it. All sidepulls need periodic oiling; some centerpulls do also. One drop per arm is all you need.

	 The stickiness may be in the brake levers. Try a little oil, and inspect for any bends produced by falls.

	 The stickiness may be in the cable. Check for sharp bends in the housing (above the brake levers, for example). Remove the inner wire and inspect it for rust or broken strands.

	 If either the housing or the wire is bent or damaged or worn, replace it. Housing comes in long lengths. Buy a piece that’s a little longer than you need, and cut it to length on the bike. Cut the ends with diagonal cutting pliers, and if necessary make a second cut to cut off the little bent end where you made the first cut. The best practice is to grind or file the end of the housing to make it square, but the little metal thimbles are acceptable. The lever end of the inner wire must have the correctly shaped end fitting. Many replacement wires come with the fitting for dropped bars on one end and the fitting for raised or flat bars on the other. Cut off the fitting that doesn’t match your brake levers. When cutting inner wires, solder 1 inch of wire and cut through the soldered part so that it won’t unravel; an unraveled end cannot be inserted into the housing or through the holes in brake parts. Grease the inner wires before assembly. Slip the wires into the levers and through the housing and stops. Then go back to the section on brake adjustment. After adjustment, solder the wires at a point only an inch or two beyond the brake and cut them at the soldered point. Then you will be able to take the brakes apart and put them back together again.

	 Auxiliary Levers

	 Some older bicycles with drop handlebars have auxiliary brake levers hat extend toward the center of the handlebar. If your bicycle has auxiliary levers, the best advice is to take them off. I say this for three reasons. First, the levers are usually mounted so they cannot apply the brakes as hard as the main levers can. The auxiliary lever approaches close to the handlebar before the main lever reaches the handlebar, so when you need to brake hard, you cannot do it with the auxiliary levers and you don’t have the time to move your hands to the main levers. Second, the auxiliary levers use up some of the travel of the main levers. Notice that the tip of the auxiliary lever fits into the slot between the top of the main lever and its bracket. Remove the auxiliary lever and the main lever can move out a bit more, giving more movement before it reaches the handlebar. This gives you more adjustment range before readjustment is required, more travel to force the blocks against the rim in wet weather, and more latitude in adjustment to allow for a bent rim. Third, when you brake, your hands should be forward on the dropped part of the handlebars, firmly resting against the “hooks.” Your hands take all the force that decelerates you, and are best positioned to take the force without wobbling when firmly pushed against the hooks. In this position, the force on your hands tends to steady the steering. Furthermore, although braking is usually a routine thing, sometimes it becomes an emergency measure, and when it does, you suddenly need all the control you can get. So develop the correct habit by braking with the main levers every time.

	 “In-line” or “interrupter” levers mounted near the center of the handlebars do not reduce the effectiveness of the main levers, but still are not the best location for steering control in an emergency. Interrupter levers can be useful for light braking, but you should train yourself to use the main levers for hard stops.

	 Wet Weather

	 Rim brakes don’t work so well in wet weather. This is why you need all the brake effectiveness you can get, and why you must maintain the brakes and adjust them to take all the force your hands can deliver to the levers. In wet weather, you will find yourself squeezing as hard as you can.

	 Shiny, chromed steel rims are almost hopeless in wet weather; brakes work much better on aluminum rims.

	 Downhill Speed Control

	 You generally need to control your speed all the way down a long hill. A heavy rider on a fast, steep drop can produce the equivalent of 2 horsepower in heat at the brake blocks, but the temperature won’t exceed 250°F because the rim is well cooled by the air stream. To prevent one rim from getting all the heat, use your brakes equally to control speed but unequally to stop. That means applying the rear brake about 50 percent harder to control speed because of the extra cable friction for the rear brake, but applying the front brake about three times harder to stop. (See chapter 23.)

	 The heat developed in the rim on a long downhill may loosen tire patches so they leak when hot, but not after they cool down again. Controlling heat is important if you use tubular tires (tires that are cemented to the rim). The heat may loosen the rim cement, letting the tire roll or creep until it cools down or comes off. Be alert to any changes in the look or feel of your tires; if necessary, stop and straighten a tire on its rim while the cement is still hot.

	 Hub brakes get much hotter than rim brakes because they have little surface area to dissipate the heat into the air. Disk brakes are made to operate at high temperatures. Drum brakes (often used on tandems to control speeds on descents) are pretty good because the drum is outside the hub bearings, although they do fade with heat. However, coaster brakes are grease-lubricated throughout, with the braking elements right between the bearings. They cannot stand the temperatures produced by serious downhill runs. At 750 feet of drop on a 9 percent grade the grease will smoke, and at 1,500 feet the metal parts inside are so soft that they deform and don’t work properly. Never use coaster brakes for descents of more than 1,000 feet in less than 3 miles.

	 The Need for Two Brakes

	 Two similar brakes, one on each wheel, make it possible to split the braking effort with confidence that the braking effort is proportional to the lever forces. Only then can you both equalize the heat on hills and make a panic stop. Bicycles with only coaster brakes require 50 percent more stopping distance, and the brakes burn out on hills. A coaster brake at the rear and a rim brake at the front would work well enough if you could control them, but you don’t know how to do that because the brakes are so different. Besides, coaster brakes hamper proper traffic behavior, because you can’t stop properly and you can’t move the pedals to the proper starting position after a stop.

	 Therefore the only safe brake equipment is two equal brakes, one on each wheel, with independent controls.

	 Which Type Is Best?

	 All hand brakes use the strength of the fingers to force friction blocks against a moving metal surface with sufficient force to rapidly turn the energy of motion into heat. This action has several physical consequences. The faster the metal part moves, the less brake block force is required to convert a given amount of energy. Because the rim moves much faster past its brake blocks than a hub-mounted drum or disk moves past its brake shoes, rim brakes require far less force at the brake blocks than the various forms of hub brakes. Also, the product of brake block force and brake block movement cannot exceed the product of finger force and finger movement—in fact, it is less by the amount lost in friction along the way. Because the energy of movement is transferred to the air as heat, another consequence is that hub brakes get much hotter than rim brakes because they have much less area in contact with the air. Another fact that must be reckoned with is that rim brakes must have considerable brake block movement and lateral flexibility to allow for the lateral movement of an untrue rim, both in coasting and in braking.

	 Even though rim brakes must provide considerable brake block movement and therefore cannot apply high brake block force, other characteristics allow them to work well. Because the rim has a large area in contact with the air, the rim does not get very hot, allowing the use of rubber blocks, whose high coefficient of friction produces high drag force with low application force. Because the bicycle has to have rims in any case, the moving metal part of the brake system adds no weight. But because hub brakes must apply high brake-shoe forces, they must operate with low brake-shoe movement, a characteristic that requires rigid brake-shoe materials that must also withstand high temperatures. This combination of characteristics demands frictional materials with a lower coefficient of friction, which in turn demands even higher brake-shoe forces. Because the hub shell itself cannot be used as the frictional surface (coaster brakes burn out on hills, remember), providing that surface as a drum or a disk requires additional weight. As these characteristics balance out, rim brakes are better than hub brakes.

	 In discussing the operation of brakes, the concept of leverage is very useful. Levers exchange force for distance. With all brakes, the brake block force is greater than the finger force that you apply, which means that the brake blocks must move less than your fingers move. However, some designs multiply your finger force more than others. These are high-leverage designs. Low-leverage designs multiply your finger force less than high-leverage designs do, but therefore can allow more brake block movement and other desirable characteristics.

	 Today, there are two different types of brake lever with different leverages. Sidepull brakes and stud-mounted centerpull brakes use “standard” levers; linear pull brakes use “long pull” levers with low leverage. That’s just the way that their designs work.

	 The center-mounted centerpull brake fell out of popularity because it was nonlinear. Although it provided strong braking for low lever forces, which made some people feel good, the amount of braking did not increase proportionally to increased lever force; the harder the cyclist pulled, the softer the brake got.

	 The modern two-pivot sidepull brake has higher leverage than the older single-pivot design. One pivot is the center mounting bolt on which the whole brake pivots to line up with the rim. The other pivot is on the side away from the brake cable and is the point around which one arm pivots with respect to the other. The additional leverage is obtained because the pivot for the two arms is farther from the cable than with the traditional design, where one pivot serves to both align the brake and pivot the two arms. The leverage of this design is substantially equal throughout its stroke in order to supply the larger leverage of the centerpull brake without the decreasing leverage of that design and with easier maintenance.

	 Because of these different operating characteristics, the sidepull brake has a firm feel that consumes only a little finger motion when the rider is varying the finger force to change the braking force. When you are braking hard under difficult conditions, it is very important to be able to control the braking force quickly and accurately, and this is best accomplished with the sidepull brake.

	 The mechanical quality of a brake can be assessed by a figure of merit obtained by multiplying the lever force in pounds to produce pitchover by the proportion of lever travel required to produce this force. The smaller the value, the better. By this measure, cheap sidepulls and medium-priced centerpulls are about equal, with values of about 15. This means that medium-priced centerpulls could be made to feel almost like sidepulls if the brake lever mechanical advantage were reduced. However, high-quality sidepulls have a value of about 9, which means that no simple change in leverage could make either of the others as good.

	 Because stud-mounted centerpull brakes have a longer bridge wire than the center-mounted type, they have a more linear effect. The direct brazing of the pivot to the bicycle frame and the direct connection between the bridge wire and the brake arms suggest that these should be very stiff and very powerful. However, brakes of this type with short arms have only average stopping power. Brakes of this type with long arms, which are intended for tandems, are very stiff and are very powerful because they can apply much more force to the brake blocks. In return, they require greater travel of the brake levers and therefore must be adjusted frequently and accurately. These brakes have one other deficiency. Because of their pivot’s location out to the side of the rim braking surface, their brake blocks approach the rim obliquely, which causes two problems. Although they apply quite progressively, they tend to release with a jerk, which is bad for control under difficult conditions. When used with rims whose sides slope inwards, the brake blocks can slip under the rim and jam.

	 Mechanical considerations also favor the sidepull brake. It will track sideways over a wavy rim both when released and when applied, whereas the centerpull will not track sideways when applied (there is too much friction between the bridge wire and the yoke to let it move). The centerpull then tries to push the rim sideways, which is inadvisable with a rim that is already in trouble. This design makes the braking jerky, and the reaction often rotates the brake on its mounting bolt. The sidepull requires no cable housing hangers at the headset and at the seatpost clamp, and no cable hooks or bridge wires. Last, the sidepull is easy to assemble and to adjust without special tools. One hand on the brake blocks and the other on the wrench does the job.

	 The best design for a bicycle brake is one in which the brake blocks approach the rim perpendicularly, the cable connection allows compliance with a wobbly rim, there is sufficient metal in the brake arms so that they do not flex appreciably in operation, the brake block holder is fixed as rigidly as possible to the brake arm, and the mechanical advantages are designed to give greatest firmness of feel without exceeding reasonable force for the maximum usable application. These characteristics are best achieved today in the sidepull design. Disk brakes are often used on mountain bikes because they don’t clog up with mud, as do rim brakes.

	 Variable-Leverage Brakes

	 The biggest deficiency in the present design of rim brakes is that considerable lever travel is required to merely move the brake blocks to the rim (that is, to take up the clearance that must be allowed for an untrue wheel). Because this movement requires no appreciable force, in theory we could have a brake with two different leverages. The brake blocks would be moved to the rim in the low-leverage mode and forced against the rim in the high-leverage mode. This design would combine adequate clearance between brake blocks and rim when the brake was not applied and high braking force when it was applied.

	 Various designs of variable-leverage levers have been produced, but none has achieved widespread success.

	 Slippery Brake Cable

	 Brake cable consists of a wire running inside a housing made of coiled wire. The inner wire is pulled tightly against the housing along the inside of each bend in the cable whenever the brake is applied. This causes considerable friction. The more bends, the more friction; therefore, rear brakes suffer more cable friction than front brakes. This friction has two different effects. First, it reduces the amount of force at the brake blocks, so you have to pull harder on the lever for a given stopping power. That is bad, particularly with heavy loads and tandems. Second, it delays movement of the brake block as you move the lever small distances, so that when you are trying to control the brake very delicately, as you do on slippery surfaces or while rounding fast curves, the brake blocks are squeezing and releasing the rim in jerks. That is even worse than the lost braking force, because good brakes have adequate stopping power despite cable friction.

	 Nearly all modern cable is made with antifriction materials between the inner wire and the outer housing. The housing may be lined with low-friction tubing, or the wire may be coated with low-friction material, or both. If your cable has neither, replace it as soon as possible with slippery cable. At the very least, the inner wire should be lubricated with a coating of light grease.

	 Hydraulic Brakes

	 Several brands of hydraulic brakes have been tried in recent years, on the theory that because a hydraulic system eliminates cable friction, it would require much less finger force at the levers and provide greater sensitivity. This is pointless for the rear brake, because it is easy to skid the rear wheel even when the front brake is not being used; we don’t need more braking power at the rear. Because it takes more lever force to lock the front brake, an easier-acting front brake might be desirable, provided that cyclists used it with enough discretion to avoid pitchovers.

	 The main use for hydraulic connection is to power disc brakes, which need high force with only short movement of the brake pads. Large-area brake pistons provide this ability. Some systems use mineral oil and others use automotive brake fluid; don’t use the inappropriate fluid. One disadvantage is that hydraulic brakes are not susceptible to repair in the field.

	 Squeal

	 I have not yet been able to investigate adequately the causes of brake squeal, but I have some preliminary conclusions. The length and configuration (and presumably therefore the flexibility) of the brake arm do not determine squeal. Centerpull brakes with long curved arms, sidepull brakes with shorter straight arms, and brazed-on brakes with very short, rigid arms squeal at much the same frequencies, and, as far as I can tell, with much the same probability. Squeal is therefore associated directly with the brake block and its holder. Mafac brakes, with their rather flexible blocks and holders, are notorious squealers. The Shimano brazed-on brake, which uses the same type of holder mounted on a very short and rigid arm, can squeal as badly and as consistently as any Mafac. However, the Shimano brazed-on brake has a brake block toe-in adjustment that stops the squeal when the blocks are adjusted so that the trailing (forward) edge touches the rim visibly before the leading edge. I am reasonably satisfied that harder contact at the leading part of the brake block is a major cause of squeal, although I have no proof.

	 Brake shoes that are longer at the leading (rearward) end than the forward end distribute force more evenly along their length and inherently maintain their toe-in.

	 Because brake block drag tends to twist the arm so the brake block’s leading edge has higher contact force than the trailing edge, one would expect to find torsionally flexible brake arms associated with squealing, but that doesn’t appear to be the case. The only consistent correlation I find is that an indirect and more flexible connection between brake block and arm, as in the post-type holder used in Mafac centerpulls and Mafac and Shimano braze-ons, is more likely to be associated with squeal than the direct and rigid connection in which the brake block holder is bolted directly to the brake arm, as in Weinmann, Universal, and other brakes. Notably, both Mafac and Shimano design brake block toe-in into their brakes (Mafac by means of a nonperpendicular brake block mounting post, Shimano by means of a beveled mounting washer). I surmise that these brakes start to squeal badly when the initial toe-in is worn off the brake blocks, because then the more flexible brake-block holder has insufficient ability to damp out the greater tendency to squeal that develops as the brake block wears parallel to the rim. A rigid brake block holder appears desirable, but this is certainly not the entire story.

	 Squealing also appears to be associated with rims that have acquired smears of brake block rubber, oil, or grease on them. Clean the rims with whatever works. Kerosene or cleaning solvent often works, but be careful not to get any on the tire and make sure to remove all traces after cleaning.

	 Toe-In

	 Many authorities advise that when adjusting brakes, the brake blocks should be set with toe-in. That is, they say that the trailing end of the block should contact the rim before the leading end (considering the block as moving along the rim). If that were a reasonable requirement, you would be readjusting the blocks frequently, for the surface of the block very quickly wears parallel to the surface of the rim—so close to parallel that when observing the gap between block and rim while you are operating the lever, you cannot observe any nonparallelism, and that is far more accurately than you could adjust the block. Therefore, I consider this advice unnecessary.

	 Government Testing

	 The U.S. Consumer Product Safety Commission requires that bicycles meet a quick-stop test somewhat less severe than the one that I described earlier. The government requires a deceleration of at least 0.5 g; my test produces about 0.67 g. I measured the performance of three different brakes with $20 worth of equipment over a couple of afternoons of testing, without even approaching an accident. The government program was very expensive, took a long time, and required a lot of complicated equipment. It caused every brake tester to crash at least once, frightening half of them off the job, and it didn’t produce useful information about how well the brakes worked.
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 Gears

	 Mechanical Principles

	 Gearing systems match your body’s strength and speed to the riding conditions. The bicycle is a machine for making your stride longer, but it needs to be adjustable. When you walk uphill, you take shorter steps than when going down—the human leg is infinitely adaptable between the shortest and the longest strides it can take. When you ride a single-speed bicycle, you have only one stride length. That is, for each half revolution of the pedals, which is a kind of stride, you travel a certain distance forward. This distance is controlled by two things—the size of the rear wheel and the drive ratio between chainwheel and sprocket. Before safety bicycles were invented in 1885, the usual bicycle was the “ordinary.” Its pedal cranks were attached directly to the front wheel, which the cyclist straddled. The bigger the front wheel, the further the cyclist went for each revolution, though the harder the effort. Those cyclists quickly found that the best size for a wheel was larger than a cyclist could straddle—the speed was limited by the length of the cyclist’s legs. He could buzz along with feet twirling like crazy, but not pushing very hard. Naturally, people bought bicycles as big as they could straddle, specifying them by the wheel diameter in inches—such as 54 or 60 inches.

	 The chain-drive safety bicycle fixes that problem by making the rear wheel turn faster than the pedals. Nowadays, the wheels of most bicycles are all very close to the same size, between 26 and 27 inches in diameter, but the chainwheel and sprocket sizes vary over a wide range. A large chainwheel and small sprocket make the rear wheel spin much faster, carrying you farther per pedal revolution—in effect, giving “long strides” for level roads. A small chainwheel and large sprocket make the rear wheel spin more slowly—maybe only as fast as the pedals, thus carrying you much less distance per pedal revolution—in effect, giving “short strides” for hill climbing.

	 Gear and Development Formulas

	 There are two systems for specifying “stride length.” The English system formula goes back to the ordinary system by specifying the equivalent wheel size:

	 gear = wheel diameter × chainwheel / sprocket

	 where wheel diameter is in inches, and chainwheel and sprocket sizes are in teeth.

	 Chainwheel and sprocket sizes are measured in “teeth”—just count them. If this formula calculates to 84 inches, for example, the feeling is equivalent to riding an ordinary with an 84-inch wheel diameter, a size that nobody could straddle but that is a useful gear for strong riders on level roads. Low gears, depending on conditions, are in the 20- to 50-inch range, middle gears 60- to 70-inch, and high gears 80- to 100-inch.

	 The metric system goes directly to the stride length by specifying how far you go on one revolution of the pedals, calling this value development, and specifying it in meters:

	 development = wheel circumference × chainwheel / sprocket

	 The wheel circumference is of course the wheel diameter multiplied by pi (3.14); here both diameter and circumference are measured in meters. Nominal circumferences are 2.14 meters for 27-inch wheels, 2.13 meters for 700C or tubulars, and 2.11 meters for 26-inch wheels.

	 Development generally runs from about 3 meters for low gears to 8.5 meters for high gears.

	 When speed and distance are counted in miles, the conversion from cadence (pedal revolutions per minute) to miles per hour is

	 mph = cadence × gear × 0.003

	 When speed and distance are counted in kilometers, the conversion from cadence to kilometers per hour is

	 kph = cadence × development × 0.06

	 Books on cycling used to contain pages of tables of gears for different setups. But, as explained later, there is no great need to calculate gears, and everyone now has a four-function calculator handy.

	 Hub Gear Formulas

	 The gearing system allows you to change chainwheel and sprocket sizes while riding. That is exactly what happens with a derailleur system, and you can see it, but in a hub gear the change is invisible. Therefore, a short digression on hub gears is in order. Three-speed hub gears have one direct ratio and two indirect ratios. The direct ratio is always 1:1, the rear sprocket driving the wheel directly. The indirect ratios are reciprocals of each other—3/4 and 4/3 are the only common ones. These are reciprocal ratios because the power goes through the gears one way for low and the opposite way for high. From the 1930s through the 1950s, both three- and four-speed hubs were available in a variety of ratios.

	 To calculate for the common three-speed, compute the middle (direct) gear from the wheel size, chainwheel teeth, and sprocket teeth, then multiply that number by 3/4 for low gear and by 4/3 for high gear.

	 Hub gears with 5, 7, 8, 9, and 14 gears are now available, but are uncommon. The ratios are available from the manufacturers.

	 Hub gears are used mostly for utility bicycles, which have a wide range of prices, and are most common in Holland and Germany.

	 Derailleur Gearing Systems

	 Back when only a few gears were possible on each bicycle, discussion of how to design the system was perennial among cyclists. Manufacturers provided a wide range of chainwheel and sprocket sizes so that each enthusiastic cyclist could design his own system according to how he liked to ride and to shift between gears. Technical development has now made that discussion moot. The development of rear clusters with many sprockets, now up to ten, has eliminated the need for much decision.

	 Mountain bikes use triple chainwheel sets; road bikes use triple or double. The cyclist looks at the road ahead—level, steep, or very steep—to decide which chainwheel to use. He then has a wide range of gears available from the many-speed rear cluster. Only rarely does he shift between chainwheels, and when he does so, he also has to make a big change at the rear. So this is done only at locations where it is necessary and the conditions are also favorable.

	 Chainwheels come in very few sizes to suit each manufacturer’s cranks. There is a range of rear cluster sizes, specified by the number of sprockets and the smallest and largest, so the cyclist can choose a cluster to produce generally high gears or generally low gears, but has no say in the steps between. With many steps available, the precise arrangement is immaterial.

	 Chain Sizes

	 With several choices of numbers of sprockets on each rear hub, there is a corresponding variety of chain widths and compatibilities.

	 Derailleurs

	 Derailleurs basically come in two kinds of sets. One kind is for double chainwheels for road bikes; the other is for triple chainwheels for both road bikes and mountain bikes. Obviously, the front derailleur has to be designed for either double or triple chainwheels. The rear derailleurs have to be different because triple chainwheels, with the small size of their small chainwheel, pull in or let loose more chain between largest and smallest chainwheels than do doubles. That greater amount of chain “take-up” requires that the rear derailleur have a longer cage (arm) to keep the chain tensioned at all times. There is another smaller difference in the largest sprocket that the derailleur will clear. Of course, a mountain bike derailleur that will clear the largest rear sprocket (34 teeth) will also work with a closer-geared cluster and double chainwheels; its disadvantage is that its shifting is not so crisp. Therefore, both long-cage and short-cage rear derailleurs are built for the different uses.

	 Shifting between Chainwheels

	 Suppose that you are using the big chainwheel and the hill has steepened so that you are using the largest sprocket, or the next one to it. And the hill will get steeper, or you will be getting tired, and you want to shift to a lower gear still. If you shift to the next smaller chainwheel and don’t shift the rear derailleur, you will be in a much lower gear, so that you have to slow down more than necessary and more than you desire. To get back to your desired speed, you need to shift up several sprockets on your rear cluster. To minimize this delay and loss of speed, you should practice shifting to a smaller chainwheel and simultaneously, or as quickly as possible, shift the rear derailleur up the required number of sprockets. This takes practice, but it will make your climbs smoother.

	 The same goes for shifting to a larger chainwheel, when you have to also shift to a larger sprocket. This usually takes place under easier conditions, but the shifts to larger chainwheel and larger sprocket are a bit more difficult to make. Again, practice smoothes out the double-shifting operation.

	 Using Your Gears Correctly

	 With modern gearing systems, the most important instruction is in using your gears correctly. You know what it feels like to change gears. In high gear, your feet turn slowly but you must push hard; in low gear, your feet spin around but you don’t have to push hard and you don’t go very fast. Somewhere in the middle is the gear that is best for the usual conditions. As the hills get steeper, you slow down, so you change to a lower gear to keep the leg effort within your strength and to keep up your pedal speed. On gentle downhills, or with the wind behind you, you speed up, so you change to a higher gear to prevent wasting your energy just spinning your feet, even though this change requires more force on the pedals. Obviously, there is one combination of foot speed and leg effort that best suits you under the given conditions, and you need to know how to shift to it.

	 You use your gears to adjust your pedal speed to the conditions—hills, fatigue, wind, traffic, and purpose.

	 Level Riding

	 Most beginners think that the slower they turn the pedals, the easier it is, so they ride on the level in highest gear at 12 mph. This is basically wrong. Muscles get tired both from producing power and from exerting a steady force without producing power. Low pedal speed means greater leg muscle force for the same power, so your legs get more tired from the hours of pushing hard on a slow-moving pedal than if they pushed less hard on a fast-moving pedal. The objective of using variable gears on a flat ride is to keep your feet turning fast enough so that the leg muscle force is not high, but the power output is. Power is force times speed, and power is what drives you along. You shift into higher gears on the level only when you get strong enough to go faster. You don’t shift into higher gears until your feet get to turning too fast for the gear you are using.

	 The high gear on your bike is probably around 100 inches. Most road-racing cyclists ride on the level in gears around 94 inches, and they move at about 26 mph. The junior racers are limited to a maximum gear of 85 inches, and fast juniors go over 25 mph on the average. They all go faster than you, and in lower gears. Learn from them.

	 When you travel at 15 mph, you should be in a gear of 74 inches or lower, and you should be pedaling at least 70 pedal revolutions per minute. A better gear for 15 mph is 63 inches for 80 pedal rpm. Riding like this makes your legs supple and relaxed instead of stiff and tired, develops endurance so the miles go easier, keeps a reserve of power in your legs for the short hills and sprints, and prepares you for going faster in higher gears later on.

	 Hills

	 When approaching a hill, consider how steep it is. When you have had some experience, you will be able to estimate which chainwheel would suit you best for the climb. If one specific chainwheel will probably provide the gears for the whole climb, then shift onto it at the bottom.

	 By the same reasoning, keep up your pedal speed on hills. Don’t let the hill slow down your pedals. When you feel the first grade, turn on enough more leg force to maintain your pedal speed. You will travel just as fast, but it will take more effort. When the hill gets steeper, the effort gets too high and you cannot maintain your speed without getting tired too rapidly. Before you get tired, reduce the bike speed (and hence the demand for power) but keep up the pedal speed by shifting down one gear. Shift to maintain pedal speed, not to lower the force. Keep in the sit-down-and-twirl mode until you are down to the bottom gear. This is the best way to climb long hills.

	 If the hill is short, like a freeway overpass or a short steeper section of a longer hill, stand up and drive hard. The faster you go over a short hill, the less speed you lose. Stronger racers use this kind of hill to break up or separate the opposition—it is really just a sprint, but in a place where “wheel sucking” (riding in the draft of a faster rider without ever doing your share) helps least.

	 Long Rides

	 You have only so much sprinting in you per day. Get sprinted out and you are reduced to average effort for all the rest of that day. So on long rides, conserve your sprinting power. Be extremely conscious of the hills and winds and continually assess whether you should change gear. I expect that in rolling country, an expert cyclist rarely rides a quarter mile in the same gear. When I ride double centuries with younger riders who are stronger than I am, I maintain the same average speed by careful shifting at every grade or wind shift. I never get sprinted out, but I am always working at my maximum long-term power with the optimum combination of pedal speed and pedal force.

	 Wind

	 Wind is just like hills. Change gears for wind as it affects you. For instance, when you ride along a river in a canyon on a twisty road, the headwind may hit you on every right curve and leave you on every left curve. Shift gears every curve to match. On my club’s criterium course, I ride one gear higher on the downwind side than on the upwind side. With the wind behind you, it is a different story—you can ride in 104-inch gears or higher and go as fast as your feet will turn.

	 Traffic

	 In heavy traffic, speeds are moderate but always changing. Therefore, ride in medium gears, so you have a reserve of quick acceleration. Riding in high gears in traffic simply tires you by making you strain to accelerate every time the traffic opens up, and leaves you blocking traffic as well. I ride about 77 inches in faster heavy traffic, and change down to 70 inches if it slows down. Always change up or down as your speed changes.

	 When you stop in traffic, don’t get stuck in high gear. Brake harder than you need to, shift down to a good starting gear, then brake to the stop.

	 Warming Up

	 When you begin a ride, start in lower gears to “warm up.” As your legs become comfortable, shift to higher gears. Don’t start in high gears at a low pedal speed—it only tires you out at the start.

	 If you coast on long downhills in cool or cold weather, never turn on the power suddenly at the bottom. Cold knees are very subject to cartilage damage, so first pedal downhill if you can match the bike’s speed in high gear, even if you don’t really go any faster by pedaling. If you can’t match the bike’s speed, get your legs turning fast near the bottom, and apply a gentle driving force the moment the speed drops enough for your legs to catch up to pedaling speed. If the grade goes up, don’t sprint in high gear just because you are refreshed and going fast. Keep using gentle force and let the speed drop until you can change into a gear low enough to protect your knees. When they get warmed up again, increase the speed and the gear.

	 Thinking

	 All the information presented in this chapter might seem like too much to remember. It is a lot, but it is worth it. Cycling rewards you for doing it right. Even the ride to work becomes fascinating when you practice doing it as well as you know how. Mind, body, and bike are all tuned up and flying, and you arrive with a sense of well-being and optimism. Going homeward is the same—the cares of the day slip away as the miles go by.

	 Proper shifting is one of the first things you neglect when you get tired. You find yourself stuck in high gear at a stop sign, or pushing too hard and going too slow on a hill because you didn’t shift down, or even making rough and noisy shifts instead of instantaneous and silent ones. These are the effects of weariness—but because these mistakes make you wearier still, it is important to train yourself to pay attention to your cycling technique. The best technique takes you the most miles with the least effort at the same speed.
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 Shapes of Bicycles

	 The general shape of the bicycle hasn’t changed since 1890. The cyclist straddles the machine in a forward crouch similar to that of a racing jockey. On modern rural roads, a powerful rider can propel himself so fast that 75 percent of his power output is devoted to overcoming air resistance. It was not always so, and many claim that it will not remain so, as designers seek to reduce the greatest current resistance: air resistance.

	 The bicycle reached its present shape through a process of evolution. Some say that its present shape arbitrarily and inefficiently reflects its primitive beginnings. In challenge, they offer bicycles that they consider to be the next evolutionary stage—streamlined, recumbent, or both. Furthermore, they claim that the reason that such machines are not now universal is merely the arbitrary application of racing rules that were intended to protect the reputation of the established racing cyclists of the time from weaker competitors who were using the more efficient machines. This was not the opinion of 1900, which held that the bicycle was the nearly perfect human-powered machine. Who is right? Would the bicycle be different and better today if it had started from different beginnings?

	 Consider the two equally possible beginnings. About 1840, in rural Scotland, Kirkpatrick Macmillan built the first bicycle. The pedals were connected to the rear wheel by cranks and connecting rods, as in the then-new locomotive, and the rider sat between the wheels and pushed forward on the pedals—exactly the same system that is used for children’s pedal cars today. With chain drive instead of connecting rods, Macmillan’s machine would almost have looked like a modern recumbent. Several local craftsmen made copies of Macmillan’s machine, but no industry developed.

	 In 1863, in Paris, Ernest Michaux built the first financially successful bicycle by putting the pedals on the front wheel of a machine otherwise similar to Macmillan’s. The time and place were ripe, and Michaux was an entrepreneur; thus the bicycle industry was born. But suppose that Macmillan’s design had been commercially successful. Would classic and modern bicycles look like recumbents instead?

	 In each case, there was one great developmental force. Even on the roads of the time, the direct-drive bicycle was drastically undergeared. The obvious first change was to enlarge the driving wheel to the largest practical size. There is no mystery about this; passenger locomotives evolved in the same way, for the same reason. In Michaux’s machine, this produced what was called, after its time was over, the “ordinary” bicycle. The rider sat perched atop the biggest wheel he could straddle (and, therefore, only just behind its balance point). Although still undergeared, such bicycles went fast enough that riders were easily pitched headfirst from that height by potholes or hard braking. A similar development of Macmillan’s machine would have made the rear wheel the larger, thus preventing these accidents. Indeed, in 1876, just six years after the ordinary bicycle had matured, H. J. Lawson invented such a machine. Lawson was in the center of the industry and equipped to promote his ideas, but one year later James Starley applied the chain drive to tricycles, making crank-and-lever mechanisms obsolete. However, because chain-driven tricycles (“rotaries” as opposed to “lever-driven,” in the terminology of the day) still used large driving wheels, the chain drive was used only to give a rotary foot motion and a mechanically convenient connection to the differential gear, rather than to increase the gear by making the driving wheel turn faster than the pedals.

	 At that time, it was equally possible to follow either of two paths. One path leads to the present safety bicycle, on which the cyclist straddles the saddle over the pedals and pushes downward with his feet, but can still pitch over the handlebars. The other path leads to the even safer and more streamlined recumbent, in which the cyclist sits in a chair behind the pedals and pushes forward. Lawson’s next bicycle design, in 1879, was a chain-driven, geared-up, rear-driver “safety,” which was the obvious precursor of the modern safety bicycle and which retained the saddle position (almost directly over the crank spindle) that had proved so successful for ordinaries and tricycles. This proved financially successful, but not in Lawson’s hands. Between 1884 and 1886, John Kemp Starley developed three models of “Rover” bicycles, culminating in one that looks modern except for its solid tires.

	 One can argue that these designers stuck with the upright position because speeds had been so low (because of low gears, bad roads, and solid tires) that air resistance was a comparatively small effect that they did not recognize. Such a criticism, though partially correct, ignores the fact that the upright position had advantages that produced useful, satisfactory machines. In any case, speeds jumped with the pneumatic tire of 1888, which reduced rolling resistance, allowing higher gears and higher speeds. The importance of air resistance was immediately recognized. Racing cyclists adopted dropped handlebars to obtain the modem crouched position, and before 1895 C. Bourlet produced the modern analysis of power requirements relative to speeds. In 1896, Archibald Sharp published modern curves showing the components of resistance at various speeds. Furthermore, it was still recognized that the safety bicycle was not completely immune to pitchover and that its saddle was uncomfortable for some persons.

	 Therefore, the three advantages of recumbent posture were known and appreciated before 1895, in time for such machines to be developed and proved before the end of the great bicycling era. Recumbents have reappeared from time to time, but have failed in practical competition against the normal safety bicycle. The current renaissance in novel designs has enabled me to try recumbents of several designs, and my evaluations suggest why these machines have not become popular. Other riders have shown that the recumbent posture reduces air resistance and thereby allows higher top speed. Though this could be a major advantage, I have not conducted the extensive series of tests necessary to produce reliable numerical data. Even though the recumbent’s chair reduces saddle problems, this advantage is not exclusive to the recumbent; there are sling and hammock saddles suitable for normal bicycles. Whereas the long-wheelbase type of recumbent is immune to pitchover from excessive front-wheel braking, there is no evidence that riding it is safer than riding a normal bicycle, given the mix of accidents that actually occurs. The last of the supposed minor advantages is a lower center of gravity, but I conclude that this is more a difficulty to be overcome than an advantage. The ordinary had a very high center of gravity. When cyclists changed to the safety, they commented that the safety had a quicker natural wobble than the ordinary, just as a metronome beats more rapidly as its weight is lowered toward its pivot point. The safety has its center of gravity only a little above that of the standing cyclist, so its natural wobble frequency is only a little less than that which our minds are naturally attuned to in keeping us upright. The recumbent has its center of gravity much lower, so its natural wobble frequency (being a squared function of height) is much greater than that of our standing bodies, and the controlling actions must be much more precise because equal lateral movement produces a greater angle of lean.

	 With a recumbent, either the cyclist has to develop much faster and more precise steering reactions or the machine must be made much more stable. Two of the three recumbents I have tested were so unstable that I would not take the risk of fast downhill testing. The third felt about as stable as a good normal bicycle, and I tested it on high-speed descents. One of the less stable machines was a short-wheelbase type (with the front wheel below the cranks), but the other was a long-wheelbase type, with steering geometry that appeared no different from that of the stable recumbent. I do not know (nor does anyone, I think) why one feels so much more stable than the other. I rode the stable machine on 40 mph descents, and as fast around curves as the other traffic would allow. On straight stretches, I deliberately wobbled it to see what would happen; it straightened out like a normal bicycle.

	 Much has been said about the invisibility of recumbents in traffic. I found that I got more attention, not less, so I did not use a safety flag. However, I found that I had to use a rear-view minor, because I couldn’t turn my head sufficiently far to see behind. I never figured out what to wear in the rain. Also, recumbents are large and awkward around the house, are difficult to move about, and require lots of space.

	 What about the recumbent’s supposed overall speed advantage? Perhaps you could make a quicker nonstop trip over level roads, particularly against a headwind, but for practical trips I don’t think you can. Stopping is something of a problem. You must extend your leg sideways and backward as far as it will go, because the center of gravity is so far back. This is harder still if you are tired and have muscles subject to cramp. Starting is much harder than on a safety, partly because you cannot push off with the leg that is already as far back as it can go. All you can do is push hard on the one pedal. Getting your toe into the clip is possible if you have fitted a friction device (half a tennis ball does the trick) to the bottom of the pedal so you can flip it to the correct position. On climbs, the recumbent is a dog. Tandems need lower gears on climbs than do singles, and recumbents seem to need even lower gears than tandems. I was in gears of 27 and 34 inches over hills I ride over in 44 and 49 inches on a single. Because of the problems with starting, though you may be able to climb a reasonable hill slowly on a recumbent, you cannot start on such a hill, even with all your strength. Even if the hill is so gentle that you can start, you still have problems. Once I rode uphill for over a mile with one foot out of the clip because I couldn’t get it in while turning the low gear fast enough, and couldn’t stop pedaling because I’d fall over. I’m not unskillful, and half of my riding is on fixed gear or tandem, which both require getting your foot in and out of moving pedals. Finally, there is no way you can see which rear cog you are using, which with a machine that depends for climbing success on spectacularly accurate shifting of the front three and the rear six is a fatal deficiency. You can easily stall out in the wrong gear and find yourself unable to start again. I do not believe that the recumbent bicycle has much of a future.

	 How about streamlining? After all, streamliners have gone 60 mph. Streamlining increases top speed on the level but reduces it both uphill and downhill; increases the amount of work required under most circumstances; decreases stability in traffic, around curves, and particularly in crosswinds; and eliminates the cyclist’s “cooling system.” Because streamlining greatly increases the force produced by crosswinds, it is probably impossible to design a streamlined bicycle (a single-track vehicle) that can be steered with sufficient accuracy in the crosswind gusts produced by traffic and terrain. The multitrack recumbent is the only form of streamliner that may be practical, and these have many faults of their own. When streamlining is added to a recumbent (as in the fastest streamliners), all the recumbent’s disadvantages are still present. It seems to me that the only streamlining that may succeed in general use is a body fairing that either “fairs-in” the turbulent space behind the cyclist’s body or smoothly splits the airstream in front of the cyclist. The former may be better in warmer weather and the latter in colder weather, because the difference in cooling may be more important than the difference in streamlining effectiveness.

	 Those who love recumbents have criticized these comments over the years for presenting what they believe to be an unduly critical view. I have presented my experiences with them, and I note that they still have only a very small share of the market.
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