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Epigraph




“Don’t worry about genius and don’t worry about not being clever. Trust rather to hard work, perseverance, and determination. The best motto for a long march is ‘Don’t grumble. Plug on.’

“You hold your future in your own hands. Never waver in this belief. Don’t swagger. The boy who swaggers—like the man who swaggers—has little else that he can do. He is a cheap-Jack crying his own paltry wares. It is the empty tin that rattles most. Be honest. Be loyal. Be kind. Remember that the hardest thing to acquire is the faculty of being unselfish. As a quality it is one of the finest attributes of manliness.

“Love the sea, the ringing beach and the open downs.

“Keep clean, body and mind.’”

—Sir Frederick Treves, Bart, KCVO, CB, Sergeant in Ordinary to HM the King, Surgeon in Ordinary to HRH Prince of Wales, written at 6 Wimpole Street, Cavendish Sqare, London, on September 2, 1903, on the occasion of the twenty-fifth anniversary of the Boy’s Own Paper








Dedication

To all of those people who said “You have to include . . .”

until we had to avoid telling anyone else about the book

for fear of the extra chapters. Particular thanks to Bernard

Cornwell, whose advice helped us through a difficult time and

Paul D’Urso, a good father and a good friend.
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I Didn’t Have This Book When I Was a Boy


IN THIS AGE OF video games and cell phones, there must still be a place for knots, tree houses, and stories of incredible courage. The one thing that we always say about childhood is that we seemed to have more time back then. This book will help you recapture those Sunday afternoons and long summers—because they’re still long if you know how to look at them.

Boyhood is all about curiosity, and men and boys can enjoy stories of Scott of the Antarctic and Joe Simpson in Touching the Void as much as they can raid a shed for the bits to make an electromagnet, or grow a crystal, build a go-cart, and learn how to find north in the dark. You’ll find famous battles in these pages, insects and dinosaurs—as well as essential Shakespeare quotes, how to cut flint heads for a bow and arrow, and instructions on making the best paper airplane in the world.

How do latitude and longitude work? How do you make secret ink, or send the cipher that Julius Caesar used with his generals? You’ll find the answers inside. It was written by two men who would have given away the cat to get this book when they were young. It wasn’t a particularly nice cat. Why did we write it now? Because these things are important still and we wished we knew them better. There are few things as satisfying as tying a decent bowline knot when someone needs a loop, or simply knowing what happened at Gettysburg and the Alamo. The tales must be told and retold, or the memories slowly die.

The stories of courage can be read as simple adventures—or perhaps as inspiration, examples of extraordinary acts by ordinary people. Since we wrote them, it’s been a great deal harder to hop about and curse when one of us stubs a toe. If you read Douglas Bader’s chapter, you’ll see why. They’re not just cracking stories, they’re part of a culture, a part we really don’t want to see vanish.

Is it old-fashioned? Well, that depends. Men and boys today are the same as they always were, and interested in the same things. They may conquer different worlds when they grow up, but they’ll still want these stories for themselves and for their sons. We hope in years to come that this will be a book to dig out of the attic and give to a couple of kids staring at a pile of wood and wondering what to do with it.

When you’re a man, you realize that everything changes, but when you’re a boy, you know different. The camp you make today will be there forever. You want to learn coin tricks and how to play poker because you never know when the skills will come in handy. You want to be self-sufficient and find your way by the stars. Perhaps for those who come after us, you want to reach them. Well, why not? Why not?

Conn Iggulden and Hal Iggulden




Essential Gear


IT ISN’T THAT EASY these days to get hold of an old tobacco tin—but they are just the right size for this sort of collection. One of the authors once took a white mouse into school, though considering what happened when he sat on it, that is not to be recommended. We think pockets are for cramming full of useful things.

1. SWISS ARMY KNIFE.

Still the best small penknife. It can be carried in luggage on planes, though not in hand luggage. It is worth saving up for a high-end model, with as many blades and attachments as you can get. That said, there are good ones to be had for about $30. They are useful for jobs requiring a screwdriver, removing splinters and opening bottles of beer and wine, though this may not be a prime consideration at this time.

Leather holders can also be purchased and the best ones come with a few extras, like a compass, matches, pencil, paper, and Band-Aid.

2. COMPASS.

These are satisfying to own. Small ones can be bought from any camping or outdoor store and they last forever. You really should know where north is, wherever you are.

3. HANDKERCHIEF.

There are many uses for a piece of cloth, from preventing smoke inhalation or helping with a nosebleed to offering one to a girl when she cries. Big ones can even be made into slings. They’re worth having.

4. BOX OF MATCHES.

It goes without saying that you must be responsible. Matches kept in a dry tin or inside a plastic bag can be very useful on a cold night when you are forced to sleep in a field. Dipping the tips in wax makes them waterproof. Scrape the wax off with a fingernail when you want to light them.

5. A SHOOTER.

Your favorite big marble.

6. NEEDLE AND THREAD.

Again, there are a number of useful things you can do with these, from sewing up a wound on an unconscious dog to repairing a torn shirt. Make sure the thread is strong and then it can be used for fishing.

7. PENCIL AND PAPER.

If you see a crime and want to write down a license plate number or a description, you are going to need one. Alternatively, it works for shopping lists or practically anything.

8. SMALL FLASHLIGHT.

There are ones available for key rings that are small and light. If you are ever in darkness and trying to read a map, a flashlight of any kind will be useful.

9. MAGNIFYING GLASS.

For general interest. Can also be used to start a fire.

10. BAND-AIDS.

Just one or two, or better still, a piece from a cloth bandage roll that can be cut with penknife scissors. They probably won’t be used, but you never know.

11. FISHHOOKS.

If you have strong thread and a tiny hook, you only need a stick and a worm to have some chance of catching something. Put the hook tip into a piece of cork, or you’ll snag yourself on it.




The Greatest Paper Airplane in the World


IN THE 1950S, an elementary school principal found a boy throwing paper airplanes from a high window. The head was considering punishments when he noticed the plane was still in the air, flying across the playground below. The boy escaped a detention, but he did have to pass on the design to the principal—who passed it on to his own children. You will find more complicated designs. You may be sold the idea that the best planes require scissors and lessons in origami. This is nonsense.

[image: image]

The plane on the right—the Harrier—is simple, fast and can be made from a letter-size sheet of paper. It is the best long-distance glider you’ll ever see—and with a tweak or two, the best stunt plane. It has even won competitions. One was to clear the entire road from a hotel balcony next to Windsor Castle in London on New Year’s Eve. Four other planes hit the tarmac—this one sailed clear across. The one on the left—the Bulldog Dart—is a simple dart, a warm-up plane, if you like. It’s a competent glider.

THE BULLDOG DART




	Fold a letter-size sheet of paper lengthways to get a center line.

	Fold two corners into the center line, as in the picture.

	Turn the paper over and fold those corners in half, as shown.

	Fold the pointy nose back on itself to form the snub nose. You might try folding the nose underneath, but both ways work well.

	Fold the whole plane lengthways, as shown.

	Finally, fold the wings in half to complete the Bulldog Dart.



[image: image]

Good—now you know a design that really works. You may have noticed the insectlike plane in the middle of the first picture. It does have complicated “floats” and inverse folds. However, it just doesn’t fly very well and neither do most of the overcomplicated designs. We think that matters. Yes, it looks like a locust, but if it nose-dives, what exactly is the point?

Here, then, is the gold standard. It flies.

THE HARRIER




	Begin in the same way as the Bulldog Dart. Fold in half lengthways to find your center line and then fold two corners into that line, as shown.

	Fold that top triangle down, as you see in the picture. It should look like an envelope.

	Fold in the second set of corners. You should be able to leave a triangular point sticking out.

	Fold the triangle over the corners to hold them down.

	Fold in half along the spine, leaving the triangle on the outside, as shown.

	Finally, fold the wings back on themselves, finding your halfway line carefully. The more care you take to be accurate with these folds, the better the plane will fly.



[image: image]

This plane does well at slower launch speeds. It can stall at high speed, but if you lift one of the flaps slightly at the back, it will swoop and return to your hand or fly in a great spiral. Fiddle with your plane until you are happy with it. Each one will be slightly different and have a character of its own.




The Seven Wonders of the Ancient World


THE FAMOUS SEVEN WONDERS of the ancient world were: the Great Pyramid of Cheops at Giza, the Hanging Gardens of Babylon, the Temple of Artemis at Ephesus, the Mausoleum at Halicarnassus, the Colossus of Rhodes, the Statue of Zeus at Olympia and the Pharos Lighthouse at Alexandria. Only the pyramid at Giza survives to the modern day.



1.    The Great Pyramid is the largest tomb ever built, created for the 4th Dynasty Egyptian pharaoh Khufu (2898–2875 BC), though he is better known by the Greek form of his name, Cheops.
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It is one of the three great pyramids at Giza near Cairo, the other two being constructed for the pharaohs Menkaure and Khafre. The largest, for Cheops, was the tallest structure on Earth for more than four thousand years, until the nineteenth century AD. Though the capstone was removed at some point, it would have stood at 481 ft (146.5 m) high.

The base is perfectly square—a feat of astonishing accuracy considering the sheer size of it. Each side of the base is 755 ft 8 in (231 m) long and each side slopes at 51 degrees, 51 minutes. It is composed of two million blocks of stone, each one weighing more than two tons. They fit together so well that not even a knife blade can be slid between them.



2.    The Hanging Gardens of Babylon were built in what is now modern-day Iraq, on the banks of the river Euphrates. They were created by King Nebuchadnezzar for his queen between the seventh and sixth centuries BC.

Famously, they employed complex hydraulic systems to raise thousands of gallons from the river and keep the gardens blooming. We can only guess at the exact method, but an Archimedean screw, as shown here, may have been employed.

[image: image]
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3.    The Temple of Artemis (Diana) at Ephesus in what is modern-day Turkey is said to have awed Alexander the Great with its extraordinary beauty, though the citizens refused his offer to bear the cost of a restoration. Originally built in the sixth century BC, the temple was destroyed and rebuilt on more than one occasion, though the most famous was the night of Alexander’s birth, when a man named Herostratus burned it so that his name would be remembered—one of the greatest acts of vandalism of all time. It finally fell into ruin around the third century AD.
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4.    The Mausoleum at Halicarnassus was created for King Mausolus of Persia, who ruled from 377 to 353 BC. Halicarnassus is now the city of Bodrum in Turkey. On top of the rectangular tomb chamber, thirty-six columns supported a stepped pyramid crowned by statues of Mausolus and his wife (and sister) Artemisia in a chariot, reaching a height of approximately 140 ft or 42.5 m. It was destroyed in 1522 when crusading Knights of St John used the stone to build a castle that still stands today. The polished marble blocks of the tomb are visible in the walls. From Mausolus, we have the word “mausoleum,” meaning an ornate tomb.



5.    The Statue of Zeus at Olympia is also lost to the modern world. Only images on coins and descriptions survive to tell us why the statue was considered so astonishing in the fifth century BC.
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Olympia was the site of the ancient Olympic games—giving us the word. The site was sacred to Zeus, and Phidias of Athens was commissioned to carve the statue. The statue was of wood layered in gold for the cloth and ivory sheets for the flesh. In his right hand stood the winged figure of the goddess Victory (Nike), made of ivory and gold. In his left, he held a scepter made of gold, with an eagle perched on the end.

The Roman emperor Caligula tried to transfer the statue to Rome in the first century AD, but the scaffolding collapsed under the weight and the attempt was abandoned. Later on, the statue was moved to Constantinople and remained there until it was destroyed by fire in the fifth century.



6.    The Colossus of Rhodes in Greece is perhaps the most famous of the seven ancient wonders. It was a statue of Helios, over a hundred feet (30 m) high.

It did not actually stand across the harbor, but instead rested on a promontory, looking out over the Aegean Sea. The base was white marble and the statue was built slowly upward, strengthened with iron and stone as the bronze pieces were added. It took twelve years and was finished around 280 BC, quickly becoming famous. An earthquake proved disastrous for the statue fifty years later. It broke at the knee and crashed to the earth to lie there for eight hundred years before invading Arabs sold it.
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7.    The Pharos Lighthouse at Alexandria was built by the architect Sostratus of Cnidus for the Greco-Egyptian king Ptolemy Philadelphus (285–247 BC).

Ptolemy’s ancestor had been one of Alexander the Great’s generals. His most famous descendant is Cleopatra, who was the first of her Greek line actually to speak Egyptian.
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When Julius Caesar arrived in Alexandria, he would have passed by the great light-house on Pharos island. Its light was said to be visible for 35 miles (55 km) out to sea. Its exact height is unknown, but to have shed visible light to that distance, it must have been between 400 and 600 feet high (121–182 m).

It was so famous that, even today, the word for lighthouse in Spanish and Italian is “faro.” French also uses the same root, with “phare.”

As you can see, even the greatest wonders can be lost or broken by the passage of millennia. Perhaps the true wonder is the fact that we build them, reaching always for something greater than ourselves.




The Five Knots Every Boy Should Know


BEING ABLE TO TIE KNOTS in rope is extremely useful. It is amazing how many people only know a reef and a granny knot. Rather than naming hundreds, we’ve narrowed it down to five extremely useful examples.

However, they take endless practice. I learned a bowline on a sailing ship in the Pacific. For three weeks, I used an old bit of rope on every watch, night and day. On my return to England, I attempted to demonstrate the knot—and found it had vanished from memory. To be fair, it didn’t take long to recall, but knots should be practiced every now and then so they will be there when you need them. There are hundreds of good books available, including expert levels of splicing and decorative knots. These are the standard basics—useful to all.

1. THE REEF KNOT

This knot is used to reef sails—that is, to reduce the amount of sail area when the wind is getting stronger. If you look at a dinghy sail, you’ll notice cords hanging from the material. As the sail is folded on the boom, the cords are tied together using reef knots. It is symmetrical and pleasing to the eye.

The rule to remember is: left over right, right over left.

[image: image]

2. THE FIGURE EIGHT

This is a “stopper”—it goes at the end of a rope and prevents the rope passing through a hole. A double figure eight is sometimes used to give the rope end weight for throwing. It’s called a figure eight because it looks like the number eight.

[image: image]

3. THE BOWLINE (PRONOUNCED BOW-LIN)

This is a fantastically useful, solid knot. It is used whenever a loop on the end of a rope is needed—for a post, a ring, or anything else really.




	Make a loop toward yourself, leaving enough free at the end to go around your post, tree, or similar object.

	Now—imagine the loop is a rabbit hole and the tip is the rabbit. The other end of the rope is the tree. Feed the tip up through the hole—the rabbit coming up.

	Pass the rabbit round the back of the tree.

	Pass the rabbit back down the hole—back into the original loop.

	Pull tight carefully.



NOTE: You can make a simple lasso by making a bowline and passing the other end of the rope through the loop. The bowline does not slip, so it is useful for making a loop to lower someone, or to throw to a drowning person.

[image: image]
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4. SHEET BEND

This is a useful knot for joining two ropes together. Reef knots fail completely when joining ropes of different diameters—but a sheet bend works very well.

[image: image]

A Sheet Bend

5. A CLOVE HITCH—FOR HITCHING TWO THINGS TOGETHER VERY QUICKLY

This is a short-term knot—the sort of thing you see used by cowboys in westerns to hitch their horses. Its main benefit is that it’s very fast to make. Basically, it’s wrapping a rope around a post and tucking an end into a loop. Practice this one over and over until you can do it quickly.

[image: image]

These five knots will be useful in a huge variety of situations, from building a treehouse to camping, to sailing, to tying up your horse outside a saloon. They will not come easily. They take practice and patience. Knowing this will not impress girls, but it could save your life—or your horse.




Questions About the World—Part One





1. Why is a summer day longer than a winter day?

2. Why is it hotter at the Equator?

3. What is a vacuum?

4. What is latitude and longitude?

5. How do you tell the age of a tree?


1. WHY IS A SUMMER DAY LONGER THAN A WINTER DAY?

In Australia, the shortest day is June 21, and the longest falls on December 21. In the northern hemisphere, June 21 is midsummer and midwinter falls on December 21. Christmas in Australia is a time for barbecues on the beach.

Although the North Pole points approximately at the star Polaris, the earth’s axis is tilted twenty-three and a half degrees in respect to the path it takes around our sun.

[image: image]

While the northern hemisphere leans toward the sun, more direct sunlight reaches us. We call this period summer. June 21 is the day when the North Pole points directly toward the sun, and the tilt is at maximum. The days are longest then as most of the northern hemisphere is exposed. Down in the south, the days are shortest as the earth itself blocks light from reaching the shivering inhabitants.

As the earth moves around the sun, the tilt remains the same. The autumnal equinox (September 22 or 23) is the day when day and night are of equal length—twelve hours each, just as they are on the vernal equinox in spring on March 20. “Equinox” comes from the Latin for “equal” and “night.”

When the northern hemisphere leans away from the sun, less light reaches the surface. This is autumn for us, and eventually winter. Longer days come to the southern hemisphere as shorter days come to the north. The summer solstice of June 21 is also the moment when the sun is highest in the sky.

The earth is actually closer to the sun in January rather than June. It’s not the distance—it’s the tilt.

The best way to demonstrate this is by holding one hand up as a fist and the other as a flat palm representing the Earth’s tilt. As your palm moves around the fist, you should see how the tilt creates the seasons and why they are reversed in the southern hemisphere. Be thankful that we have them. One long summer or one long winter would not support life.

At the midsummer and midwinter solstices, the conditions can become very peculiar indeed. The summer sun will not set for six months at the North and South Poles, but when it does set, it does not rise for another six. Northern countries such as Finland also experience the “midnight sun” effect.

2. WHY IS IT HOTTER AT THE EQUATOR?

There are two reasons why the Equator is hotter than the rest of the planet. Strangely enough, the fact that it is physically closer to the sun than, say, the North Pole is not relevant. The main reason is that the earth curves less in the equatorial region. The same amount of sunlight is spread over a smaller area. This can be clearly seen in the diagram below.

Also, the sun’s rays have to pass through less atmosphere to reach the equatorial band—and so retain more of their heat.

[image: image]

3. WHAT IS A VACUUM?

A perfect vacuum is a space with absolutely nothing in it—no air, no matter of any kind. Like the temperature of absolute zero (–273.15 °C/0 Kelvin), it exists only in theory. The light bulbs in your home have a “partial vacuum,” with most of the air taken out as part of the manufacturing process. Without that partial vacuum, the filament would burn far faster, as air contains oxygen.

The classic science experiment to show one quality of a vacuum is to put a ticking clock inside a bell jar and expel the air with a pump. Quite quickly, the sound becomes inaudible: without air molecules to carry sound vibrations, there can be no sound. That is why in space, no one can hear you scream!

4. WHAT IS LATITUDE AND LONGITUDE?

The earth is a globe. The system of latitude and longitude is a man-made system for identifying a location anywhere on the surface.

[image: image]

Latitude takes the Equator as a line of zero. If you cut the world in half at that point, you would have a horizontal plate. The center point of that plate is at ninety degrees to the Poles above and below it.

[image: image]

Latitude is not measured in miles but in the degrees between ninety and zero in both hemispheres. London, for example is at 51 latitude north. The curve representing the ninety-degree change is split into imaginary lines called “parallels”—because they are all parallel to one other and the Equator.

With something as large as the earth, even a single degree can be unwieldy. For both longitude and latitude, each degree is split into sixty “minutes of arc.” Each minute of arc is split into a further sixty “seconds of arc.” The symbols for these are:

Degrees: °Minutes: 'Seconds: "

With something as large as a city, the first two numbers would suffice. London would be 51 32 N, for example. The location of a particular house would need that third number, as well as a longitude coordinate.

There is an element of luck in the fact that a latitude degree turned out to be almost exactly sixty nautical miles—making a minute of latitude conveniently close to one nautical mile, which is 6,000 feet (1852 meters).

The longitude of London is zero, which brings us neatly into longitude.

Longitude is a series of 360 imaginary lines stretching from Pole to Pole. London is zero and 180 degrees stretch to the west or east.

[image: image]

If the world turns a full circle in a day, that is 360 degrees. 360 divided by 24 = 15 degrees turn every hour. We call the fifteen-degree lines “meridians.” (“Meridian” means “noon,” so there are twenty-four noon points around the planet.)

Now, this is how it worked. On board your ship in the middle of nowhere, you took a noon sighting—that is, took note of the time as the sun passed its highest point in the sky. You could use a sextant and a knowledge of trigonometry to check the angle. If you were at noon and your ship’s clock told you Greenwich, England, was at nine in the morning, you would have traveled three meridian lines east or west—which one depending on your compass and watching the sun rise and set. You would be at longitude +/– 45°, in fact.

Having a clock that could keep the accurate time of Greenwich even while being tossed and turned on a ship was obviously crucial for this calculation. John Harrison, a clock maker from Yorkshire, England, created a timepiece called H4 in 1759 that was finally reliable enough to be used.

All that was left was to choose the Prime Meridian, or zero-degree point of longitude. For some time it looked as if Paris might be a possibility, but trade ships in London took their time from the Greenwich clock at Flamstead House, where a time ball would drop to mark 1 p.m. each day. Ship chronometers were set by it and Greenwich time became the standard. In 1884 a Washington conference of twenty-five nations formalized the arrangement. If you go to Greenwich today, you can stand on a brass line that separates the west from the east.

On the opposite side of the world, the two hemispheres meet at the International Date Line in the Pacific Ocean. It’s called the International Date Line because we’ve all agreed to change the date when we cross it. Otherwise, you could travel west from Greenwich, back to 11 a.m., 10 a.m., 9 a.m., all the way around the planet until you arrived the day before. Obviously this is not possible, and so crossing the line going west would add a day to the date. Complex? Well, yes, a little, but this is the world and the systems we made to control it.

Like latitude, longitude is broken down into a three-figure location of degrees, minutes and seconds. Common practice puts the latitude figures first, but it’s always given away by the North or South letter so they can’t really be confused. A full six-figure location will look something like these:



	38° 53' 23" N, 77° 00' 27" W
	Washington, D.C.



	39° 17' 00" N, 22° 23' 00" E
	Pharsalus, Greece, where Julius Caesar beat Pompey and ended the civil war



	39° 57' 00" N, 26° 15' 00" E
	Troy




6. HOW DO YOU TELL THE AGE OF A TREE?

You cut it down and count the rings. For each year of growth, a dark and a light ring of new wood is created. The two bands together are known as the “annual ring.” The lighter part is formed in spring and early summer when the wood cells are bigger and have thinner walls which look lighter. In autumn and winter, trees produce smaller cells with thicker walls, which look darker. They vary in width depending on growing conditions, so a tree stump can be a climate record for the life of the tree—sometimes even centuries. The age of a tree, therefore, can be told by counting the annual rings.
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Making a Battery


A BATTERY AT ITS SIMPLEST is a cathode (the positive end), an anode (the negative end), and electrolyte (the bit in the middle). There are quite a few different combinations out there. Electricity is the movement of electrons, tiny negatively charged particles. The anode tends to be made of a substance that gives up electrons easily—like zinc, which gives up two electrons per zinc atom. The cathode tends to be made of substances that accept electrons easily, like copper.

The electrolyte inside can be a liquid, a gel, or a paste. All that matters is that it contains positive and negatively charged ions that flow when the anode and cathode are activated. When the Italian physicist Alessandro Volta made the first battery, he used copper for the cathode, zinc for the anode and an electrolyte of blotting paper and seawater. His name gives us the word “volt,” as in a 12-volt car battery. If you think of electricity as a water pipe, a volt will be the speed of the water, but it also needs a big hole to flow through—or “amps.” You can have enough voltage to make your hair stand on end, but without amps, it won’t do more than cause a tiny spark. A house supply, however, has 240 volts and enough amps to kill you as dead as a doornail.




You will need




	Ten quarters.

	Metal kitchen foil.

	Blotting paper.

	Two pieces of copper wire (taken from any electrical wire or flex).

	Cider vinegar.

	Salt.

	Bowl.

	LED—a light emitting diode (available from model and hardware shops).

	Masking tape.





The copper coin will be the cathode, the foil the anode.

Cut the foil and blotting paper into circles so they can be stacked on top of each other. The blotting paper will be soaked in the vinegar, but it is also there to prevent the metals touching—so cut those paper circles a little larger than the foil or coins.



1.    Mix vinegar and a little salt together in the bowl. Vinegar is acetic acid and all acids can be used as an electrolyte. Sulfuric acid is found in car batteries, but don’t fool around with something that powerful. It eats clothing and can burn skin—unlike vinegar, which goes on your salad.

Common salt is sodium chloride, a combination of a positive and negative ion (Na+ and Cl–). These will separate in the electrolyte, increasing its strength.



2.    Soak your circles of blotting paper in the ion-rich electrolyte.



3.    With the masking tape, attach the end of one wire to the underneath of a foil disk. This is the negative terminal. Now stack in this sequence—foil, paper, coin, foil, paper, coin. Each combination is its own tiny battery—but to light even an LED (light-emitting diode) you’ll need quite a few. A car battery tends to have six of these, but with a much larger surface area for each “cell.” As a general rule, the bigger a battery is, the more power it has. (Power measured in watts = amps × volts.)

[image: image]



All the positive ions will go to one terminal, all the negative ions to the other. In effect, you are charging your battery.



4.    When you have a stack, you can attach a wire to the last coin with tape. This will be the positive terminal. They can now light an LED, as in the picture below, or with enough coin batteries, even a small bulb.

[image: image]

There may come a time when batteries go on to a new generation, but if you can understand the battery you have just made, you can understand every type of battery currently available, from nickel-cadmium to lithium-ion, from rechargeable phone batteries, to the ones that drive toy rabbits. You won’t hear acid sloshing in alkaline batteries, where a paste or gel is used, but the principles are identical.




How to Play Stickball


IF YOU’VE GOT a few spare hours on a Sunday afternoon—even if gloves and bats are readily available—you might still consider a game of stickball. It is a lot like baseball, but without the formal equipment or field. The game was most popular in the 1930s in New York and other cities, but it is still alive and well in empty lots and the slow traffic streets of Brooklyn.

Baseball legend Willie Mays, who had 3,283 hits and 660 home runs over his career, said that he learned to hit the breaking-ball pitch by playing stickball because the ball takes unpredictable bounces.

Ideally, you’ll want to get started on a quiet street lined with maples and stoops, with windows far enough away to avoid breakage but close enough for your mother to call you in for dinner. An empty lot can work just as well. Stickball is great for pickup games. You’ll find that passersby, particularly those of a certain age well beyond boyhood, will often beg for a turn at bat.




Equipment:


	Bats: The bat you use can be any length, but shouldn’t be very wide. It must be made only of wood, although some tape around the handle is allowed. A broom handle is the ideal stickball bat.

	Balls: A spaldeen, a.k.a. Spalding High-Bounce Ball, which is made from the insides of a tennis ball.

	Chalk





PLAYING FIELD:

Stickball is typically played in a paved empty schoolyard or a city block. Be careful: the ball can bounce a lot farther than you’d expect!

RULES OF THE GAME:

Use the basic rules of baseball, but remember that you can adapt the game according to the terrain, as long as all team members are in agreement. Some players run bases like you would for baseball, while others decide hits by how far the ball travels, in which case the batter does not have to run.

The biggest difference between baseball and stickball is how you manage balls and strikes. Each batter has only two swings at a ball, and fouls are considered strikes. (Cars, manholes, and fire hydrants can all be used as bases or foul lines. Strike-outs (a fly ball that is caught by a member of the opposing team) or fielder outs (a grounder caught by a member of the opposing team) can both count as outs, depending on the rules you and your teammates agree on.

If the ball flies into a forbidden area or breaks a window, some people call it an automatic out while others will give you a home run: Make sure you decide on the house rules before there is any occasion for disagreement—or it may become necessary to flee the vicinity.

Depending on where you’re playing—and how many players you have—you can choose to play fast pitch, slow pitch, or fungo.

Fast pitch (1–3 players per side): Best played in a yard or area with a wall or a fence to use as a backstop. Draw a rectangle on the pavement as a strike zone. The pitcher throws the ball baseball style, making this the most demanding style of play.

Slow pitch (3–8 players per side): A fine street game. The pitcher is at least 40 feet away from the batter. The batter hits the spaldeen after it bounces once.

Fungo (3–8 players per side): This is the way the leagues play nowadays. No pitcher is required. Batter tosses the ball and then hits it on the way down or after one or more bounces.

If the ball flies into a forbidden area or breaks a window, some people call it an automatic out while others will give you a home run. Make sure you agree on the house rules before there is any occasion for disagreement or it becomes necessary to flee the vicinity.




Fossils


HALF A BILLION YEARS ago there was no life on land and only worms, snails, sponges, and primitive crabs in the seas. When these creatures died, their bodies sank into silt and mud and were slowly covered. Over millions of years, the sea bottom hardened into rock and the minerals of the bones were replaced, molecule by molecule, with rock-forming minerals such as iron and silica.

Eventually, this process turns the bones into rock—and they become known as fossils, a slowly created cast of an animal that died hundreds of millions of years ago. Other fossils are formed when dying animals fall into peat bogs or are covered in sand. As each new sedimentary layer takes millions of years to form, we can judge the age of the fossils from their depth. You can travel in time, in fact, if you have a spade.

Those sea animals can move a long way in the time since they were swimming in dark oceans! Geological action can raise great plates of the earth so that what were undersea fossils can be found at the peak of a mountain or in a desert that was once a valley on the seafloor.

In parts of New Zealand, you can see the fossilized remains of ancient prehistoric forests in visible black bands on the seashore. This particular compressed material is coal and it burns extremely well as fuel. Oil, too, is a fossil. It is formed in pockets, under great pressure, from animals
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