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At present we are like separate filaments of flax before the thread is formed, without strength because without connection.

But union would make us strong.

—Benjamin Franklin, 1747

The man gathers rope with his hands,

both the rope and the hands

worn from use. The rope from hauling

up traps and trawl lines, the hands

from banging into rocks, rusted nails,

fish knives, winch gears, and bark.

The rope starts to pull apart fiber by fiber

like the glacial ice, and the man wishes

he could find a way to bind it

back together the way a cook binds

syrup or sauce with corn starch.

The rope lies in the cellar for years,

coiled, stinking of the sea and the fish

that once lived in the sea and the sweat

of the man who wishes he could save one

strand of the world from unraveling.

—from Rope, Penguin Poets, 2009, by Alison Hawthorne Deming








INTRODUCTION
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DAD’S KNOTS


TIES TO THE IMPORTANT PEOPLE in our lives can pop up in unexpected ways. A few years after my father died, I came across a talisman of my connection to him. It started with a milk crate full of rope I found in his basement.

We had sailboats when I was growing up. And with a sailboat in the family there’s always rope kicking around. Sailors have a general name for lengths of rope with a defined purpose on a boat. They call it “line.” The lines that control the sails are called sheets; those set up to raise the sails are halyards; the ones to tame a spinnaker are called guys. There are many such lines on a sailboat, each to its task.

Most of the line my dad had for his boats was coiled and organized on board, but some extra line always found its way home. He used this spaghetti of odd line for little jobs around the house. When its work was done, he’d toss it into a milk crate he kept near his workbench.

I caught the sailing bug early. My dad and I sailed together often. Like many men of the World War II generation, Dad was not comfortable talking about his inner struggles, his demons. He definitely didn’t chew them over with me. So, our times sailing together were not nautical encounter sessions with explorations into our feelings. The conversation ran more toward, “Let’s set the jib, now.” Or, “Careful, stay away from those rocks,” or, “So, what did we pack for lunch?” The connection we made with each other came from terse male teamwork and the shared experience of sunny days and stormy ones. I know those many hours spent sailing meant something to him because they meant something to me.

A year or so after he passed, I was down in his basement lair. My mother wanted to clear up the workbench and move out some of his gear. I put a few of his tools in a box, thinking that was enough. But she insisted, “Take that milk crate, too.”

Back at my house in Maine, I needed rope for some household task. I fished in the crate and came up with a coil of 1/4-inch Dacron. My first thought was that the rope was too long. Cutting it into two shorter lengths would be better. Then I noticed it wasn’t a single line but two lines joined with a knot called a sheet bend. I was about to untie the knot, but stopped, realizing the sheet bend meant something more important to me than merely the joining of two lengths of rope. No one had used this line since my dad’s death. The knot only existed because my dad had tied it. The knot was the motion of my father’s fingers, forever frozen in plaits of rope.

Though untying the knot would have yielded a length of line perfect for the job at hand, I couldn’t do it. My dad’s knot may have been tied during our sailing expeditions. Tied quickly and purposefully on one of those days we sailed together, talking about lunch, but sharing a deeper connection we never acknowledged.

I hung the knot on a wall hook. In a spot where I could see it from anywhere in the room.

I have no proof, of course, but I like to think that somehow my dad tied that knot for me.

It’s ironic, in a way, that the strength of our connection was symbolized by that knot. Ironic because a knot makes a length of rope weaker, not stronger. The extent of that weakening rests on the type of knot used. But for me, this knot will always buck that truth.

After “learning the ropes” of how to sail with my father, I later became editor of Ocean Navigator magazine. As part of that role, I also was an instructor in the Ocean Navigator School of Seamanship. We taught classes both on land in hotel meeting rooms and at sea on passages aboard tall ships.

While teaching celestial navigation to a group of six middle-aged students on a passage from Bermuda to Portland, Maine, I had a firsthand demonstration of the importance of rope. We were aboard the 88-foot steel schooner Ocean Star, and for a ship of such small size, Ocean Star had a daunting tangle of working ropes. Learning the function of each one was vital—letting a line run free at the wrong time could be disastrous. An example of this played out on this passage. Approaching Buzzards Bay in the dark of night, we were hit by a fierce squall. This sharp, sudden storm demanded that we drop the foresail quickly to prevent the vessel from getting pushed over onto its side in what’s called a knockdown. With the wind roaring, communication was impossible—not even at full-throated shout. In the confusion, the wrong line was eased, and the fore gaff, a 200-pound hunk of wood that holds the top of the gaff-rigged sail, flew out of control, swaying wildly and threatening to bash our brains or knock us into the inky ocean. Finally, the proper ropes were located in the dark, firm hands hauled them taught, and the gaff was brought under control. It was a sobering display of rope’s often unacknowledged importance.

With its linear nature, rope’s ability to act as physical connective tissue is clear. Less obvious perhaps is the way rope ties us together in the psychic realm. From the ropes on a sailing craft in the Atlantic Ocean returning from Bermuda, to knots tied by my father near the end of his life, to the lines he and I used while sailing together, many strands of rope extend back through time tens of thousands of years to the earliest cordage hand twisted by Stone Age humans. The ingenuity and invention of the earliest human minds gave us a tool with which we made the world.

That worldmaking carries with it yet another meaning. While many short lengths of rope helped countless individuals through the centuries, rope also was a tool of human innovation writ large through collective action. Just as many small strands come together to form a rope, so, too, did many people gather to perform the biggest of tasks. The exemplar of this from the ancient world is the Egyptian pyramids. While we don’t know exactly how these human-built mountains were assembled, we can be sure that rope was an essential tool in their construction. In this way rope stands as both a tool and a symbol of humans working together to achieve the greatest things.







PART I
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FIBERS FROM THE EARTH









STRAND ONE
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WE ALL PULL TOGETHER



MORE THAN 5,100 YEARS AGO a man clad in a woven grass cloak and animal skins, carrying all his possessions in a simple backpack, hurried up a mountain in the Alps. The reason for his haste was obvious when he stopped briefly and looked downslope. A group of men pursued him, and they were climbing fast. His chest tightened and he started upward again. Above him lay a glacial tongue of ice leading higher into a cleft in the mountains. And slowly moving across that ice field was a snow squall—a swirl of flakes that could be his salvation. If he could get into that whiteout his pursuers would lose track of him and perhaps give up the chase. He could hear from their shouts that they were closing the gap but not near enough to lay their hands on him. If he kept hustling, he could beat them to the storm.

One of the men giving chase must have seen this, too, realizing that the man they pursued might soon disappear from sight. The fleeing man was likely at the limit of a bow’s range, but the pursuer knew it was their last chance. He grabbed an arrow from his woven quiver of missiles. He stopped, nocked the arrow onto the tightly twisted string of his bow, and quickly took aim. Then he loosed the arrow, sending it flying in a shallow arc.

Meanwhile, the fleeing man felt snowflakes landing on his face. His fear ebbed; he had made his escape. Just as the snow embraced him, however, he felt a penetrating jab in his upper back. The arrow had found its mark. The pain was terrible, but he was strong and he kept up his pace for a few steps. Soon, however, the strength drained from his legs and his vision weakened. He stumbled to his knees before falling over onto the ice, the heavy snow covering his body as he rattled his last breath.

This imagined chase and killing high in the Alps is based on a discovery of human remains made in 1991 that shows us how the technology of twisted fibers, the essence of rope, was allowing humanity to reshape the world around us even thousands of years ago.


EVANESCENT EVIDENCE

Finding evidence of the earliest ropes used by humans is a challenge. The reason is maddeningly simple: early rope was organic. The plant or animal fibers used to make it just didn’t last. Over time they decomposed and disappeared as if they never existed. The time in deep history when some human formed the first length of cordage will forever be a mystery, known only to that inventive Neanderthal with a mind for braiding and the manual dexterity to twist fibers together.

The knowledge to do this—to make string, cordage, and rope—had a profound effect on humans’ ability to manipulate the world. With rope we can organize reality by tying like things together in bundles to then carry them more easily; can keep something safely in one place by tying it to a tree; and can affect objects at a distance by tying a long rope to, say, a spear, so we can pull the spear back after throwing it at a dangerous animal. We can also think of the length of a rope as a metaphor for linear thinking, for timelines, perhaps even the first idea of a clock: we start at one end of a stretched length of rope, and it takes time to get to the other end. In her book Women’s Work: The First 20,000 Years, archaeologist Elizabeth Wayland Barber called the idea of twisted fiber humanity’s secret weapon. “We don’t know how early to date this great discovery—of making string as long and as strong as needed by twisting short filaments together. But whenever it happened, it opened the door to an enormous array of new ways to save labor and improve the odds of survival.… From these notions come snares and fishlines, tethers and leashes, carrying nets, handles, and packages.… So powerful, in fact, is simple string in taming the world to human will and ingenuity that I suspect it to be the unseen weapon that allowed the human race to conquer the earth.… We could call it the String Revolution.”1

The role that rope played in lifting civilization was central. Master ropemaker for the U.S. Navy David Himmelfarb put it like this: “Man’s civilization and social progress has been linked directly to the ropemaker.… Rope, then, can justifiably be considered the first appliance developed by man’s ingenuity.”2

Certainly Neanderthals had some name for their invention that we’ll never know. In English we call it “rope.” But where does the word “rope” come from? In modern English the word hails from Middle English: rōp. That came from the Old English word rāp. Delving further back we get to the English parent language German and the Proto-West Germanic raip. Before that is something called Proto-Germanic, in which the word is raipaz or raipa (rope, cord, band, or ringlet). Even Proto-Germanic, as creaky as that name sounds to non-historians of languages, is not the oldest language through which we can trace the line of rope. It extends further back to Proto-Indo-European (abbreviated PIE).

This is where things get a bit hazy as no direct record of PIE actually exists. Historical linguists pored over ancient texts and reconstructed PIE based on what they found. It is considered the common ancestor of the Indo-European language family, which is a big group of more than 440 languages—roughly 46 percent of the world’s population speaks an Indo-European language. In PIE the word for rope is roypnos, which is derived from reyp—to peel off, tear, border, edge, or strip. Now we’ve reached the essential meaning of the word, which relates to how early humans made rope.

As an indispensable tool for most of human existence, the idea of rope has worked its way deep into the language. Its cultural significance is revealed by a parade of expressions: “roped me in,” “rope it off,” “tied in knots,” “rope-a-dope,” “roped and branded,” “give him/her enough rope,” “at the end of my rope,” “throw me a rope,” “give me some slack,” “on the ropes,” “go piss up a rope,” “learn the ropes,” “a rope of sand.” This incomplete list of everyday sayings just shows how deeply into our consciousness rope has entwined itself.




PIVOTAL TOOLS

As important as rope is, however, there is good evidence that it wasn’t the absolute first of humanity’s world-changing tools. We’ll never know, but the sequence probably goes something like this: fire, stone tools, and then the twisted strands of the first ropes.

In many cultural traditions the fire giver of myth is openly branded as a thief. The gods don’t bestow fire on lowly humanity freely as a gift; special beings must “steal” the fire for mankind’s use. In Native American Cherokee myth, after possum and buzzard fail in their attempts to bring fire to humanity, grandmother spider gives it a try. Small and overlooked, she brings a clay pot with her and snatches up fire from the sun, hides it in the pot, and follows her web back from the other side of the world to where the people live.

In the Greek version, the fire stealer is the Titan Prometheus. Zeus, the king of the gods, learns of Prometheus’s theft and in punishment has him chained to a rock where every day his liver is eaten by a hungry eagle, and every night it grows back.

The thief Prometheus brings fire and with it comes technology, transforming humans into creative builders of their world. The idea of Prometheus as transformer continues well past Greek storytellers. Mary Shelley cites the Titan for her novel Frankenstein; or, The Modern Prometheus. And in a 2005 biography by Kai Bird and Martin J. Sherwin, the chief architect of the atomic bomb, J. Robert Oppenheimer, is dubbed American Prometheus, the bearer of nuclear fire.

For early humans the sun provided heat and light and acted as a celestial clock with its rising and setting, dividing day from night. When humans devised how to make fire, it seemed a theft of heavenly power. With this knowledge humans had a portable source of warmth and a way to set their own clock by extending daylight into the nighttime hours. And with the ability to cook the protein-rich meat hard won from hunting, fire helped humans prosper.

What came next? The earth provided a ready material for making simple, sharp, and durable tools. Enter the Stone Age.

The Stone Age encompasses the use of a wide variety of stone tools and methods across 3.4 million years. Naturally, this long extent is a bit messy and cries out for detailed classification, so archeologists have drawn up some boundaries. The Stone Age is generally divided into three major periods: the Paleolithic, or old Stone Age; the Mesolithic, or middle period; and the Neolithic, or new period, when agriculture blossomed. The Stone Age ended when metals like copper came into widespread use.

Stone tools were developed because early humans were keen observers of their environment and noticed that some types of rock could be fashioned into sharp-edged implements. Using a sandstone or limestone striking tool called a hammerstone, humans learned to fashion stone-cutting tools from crystalline sedimentary rocks like flint and chert. The great characteristic of flint is its ability to fracture into shapes with razor-sharp edges—as sharp as any metal blade.

The first of these scallop-edged pieces of flint that was used as a tool was something called a hand axe. With their hardness and developed edges, hand axes were likely used for slicing and for scraping, but their exact function is still not clear. In his book Work, anthropologist James Suzman notes the ubiquity of these tools: “No one has worked out what they were used for.… Adding to the hand-ax’s mystery is the fact that Homo erectus and its descendants hammered them out consistently for a period of 1.5 million years, making them arguably the most enduring tool design in human history.”3

Eventually the process of shaping flint with a hammerstone—a skill called flintknapping—evolved into something new. At some point clever humans discovered a technique of knapping called the “prepared core technique.” Instead of taking a hunk of flint, knapping its edges to sharpen them, and being satisfied with the resulting thick hand axe, they devised a more useful tool. Using the prepared core technique, a skilled Stone Age worker readies the edges of a hunk of flint and then strikes the prepared core in a way that fractures off a thin, deadly piece of flint more like a knife blade than the clumsy hand axe. Archaeologists call these pieces flakes. Flint flakes were a Stone Age revolution and ushered in a new era of tools and weapons.

While a hand axe was heavy and unwieldy, these flakes of flint were light and supremely useful in a new role. Attached to the end of a stick, they became spears for thrusting and javelins for throwing. With this technological leap forward, humans could attack game animals with a deadly stone edge, increasing the chances of success.



ENTER ROPE

It’s all very good to make a sharp, light spearpoint and to have a shaft of wood prepared to accept the deadly warhead, but how do we attach it in a way that can withstand the rigors of repeated use?

One way that spearpoints were set on their shafts was with a sticky bed of pine tar or some variety of tree pitch. A good start, but that wasn’t nearly strong enough.

Long before duct tape was available in every big box store endcap, the Boy Scouts gave out merit badges for attaching things to other things using rope in a technique called lashing. In the case of our flake spearpoint, it was set in a bed of sticky pine, and then cordage, rope’s smaller incarnation, was wound around the base of the flake several times and then tied. The lashing merit badge in a nutshell. Now the spear was a deadly weapon, to both animals and, sadly, to other humans. It was rope that made the spear a thing—without rope humanity would be stuck with throwing rocks at its prey.

An even greater leap forward in terms of hunting efficiency—and the safety of the hunter—was the combination of cordage with a springy stick. The ends of the stick could be bent toward each other with a stout piece of cordage and the result was a bow. Pulling back the bowstring stores potential energy in the stick. When the string is released, the potential energy is released as kinetic energy as the stick springs back to its previous shape and sends the arrow flying. Taking the concept of the spear with its wooden shaft tipped by a sharp flint flake and downsizing it gave early humans the arrow. The bow and arrow provided Stone Age hunters a “standoff” weapon. It was no longer necessary to get close enough to thrust in a spear—and risk getting gored by the 31-inch horns of an angry aurochs. A group of hunters could take down one of these 2,000-pound wild cattle with a hail of arrows while staying clear of the animal’s deadly horns.

We started this chapter with the imagined death of a man in the Alps five millennia ago. That incident dramatizes the importance of the bow and flint-tipped arrow and its ability to kill not just animals but humans as well. In September 1991 two German tourists came across the strange sight of a body emerging from melting glacial ice in the Ötztal Alps, near Similaun Mountain on the border of Austria and Italy. The mummified remains, first called the Iceman and later dubbed Ötzi, were determined to be from 3100 BCE.4

Among his possessions was a quiver with two finished arrows and twelve unfinished arrows. The finished arrows not only had flint arrowheads, but they also had fletching—the fins, often made with bird feathers, along the back end of an arrow shaft. Fletching helps the arrow fly straight by providing a small amount of air resistance at the trailing end of the arrow, similar to how a weather vane has a flat tail to keep it pointed into the wind. Fletched arrows show how sophisticated human thinking had become in making a proper bow and arrow.

The primacy of the arrow, and of the rope bowstring that helped propel it, was demonstrated in 2001 when a researcher found an object embedded in Ötzi’s shoulder: a flint arrowhead.5 With this discovery it looked like Ötzi’s death was more than a bad fall or succumbing to illness. Someone shot Ötzi in the back. The Iceman was murdered.

In addition to his bow, quiver, and a flint dagger, Ötzi also carried a copper-headed axe.6 This tool firmly places him not in the Stone Age but the Copper Age. Which raises the question: When was the first rope made? If we have evidence that Stone Age people were using spears tipped with flint lashed to a wooden shaft, then surely rope was invented long before the Copper Age.




THE FIRST TWISTS

The surprising answer to the question of when the first rope was made came from a French cave in 2019. The Abri du Maras cave site is on the Ardèche River, a tributary of the Rhône in southeastern France. It was once a cave, but the entrance roof collapsed at some point in the past, long after it was used as habitation by early humans. There is ample evidence from recovered artifacts that Neanderthal people used the site.

In 2016 Dr. Marie-Hélène Moncel, a senior researcher at the Institut de Paléontologie Humaine in Paris, and a team of four researchers were conducting excavations at the site.7 In many archaeological excavations involving Stone Age tools, the recovered pieces are washed and cleaned, as this aids in examining the flint and determining both how it was made and how it was used. For the dig Dr. Moncel was leading, however, the pieces of flint were kept as untouched as possible. The team immediately sealed all the specimens in plastic bags so nothing associated with them would be lost. When the dig was finished, the bagged specimens were brought to Moncel’s lab in Paris.

For the examination of the specimens, Moncel was joined by Dr. Bruce Hardy, an anthropologist from Kenyon College who often worked with Moncel. For several years specimens from the Abri du Maras site had been yielding tantalizing clues.

“Back as far as 2013, I had started seeing individual pieces of twisted fibers on some of these tools,” Dr. Hardy said when we talked. “I suggested at the time that maybe they [Neanderthals] were making string, but I didn’t have enough to really say that for sure because there was no structure to it.”

On the bottom of one 60-millimeter-long piece of flint, however, Hardy noticed something promising. “I kept seeing more twisted fibers on tools from the site. And then finally when we hit this piece, there was a whole bunch of twisted fibers there.”

The cordage remnant from the flake was examined with a standard optical microscope. The early results were so promising that a more powerful tool was swung into action. An optical microscope uses visible light to magnify and image a specimen. This limits the detail that can be picked up to the wavelength of visible light, a range between 380 to 750 nanometers (a nanometer is one billionth of a meter). The researchers wanted to see more, so they imaged the specimen with a scanning electron microscope (SEM). A SEM can record detail down to one nanometer, providing finer resolution. Hardy also used an automated optical microscope that provides a 3D image. The added resolution was needed because the specimen was so small. The new tools proved their worth, however, because they revealed that the specimen was indeed a small shard of a cordage. True cordage or rope has two distinctive features: an S twist and a Z twist.

“When we started comparing all those images together, we began to figure out there was a structure there and there were three sets of fibers that were twisted together,” explained Hardy. “And then those sets were twisted back around each other. That’s the S and the Z twist. The small individual fibers are S twisted into three bundles and then they roll back to form the Z twist.”

For Hardy, it was a singular moment. “I certainly remember seeing this, this thing, because you actually see it with your naked eye. I put it under the scope, and I focused in on it. And then all of a sudden I see all these fibers twisted around each other. And I’m like, ‘Oh, we might have it,’” Hardy said with a laugh. “‘We might actually have it here.’ So, I definitely knew something was happening that day.”

The SEM images show that the Abri du Maras specimen has the elements of cordage. The specimen was determined to be fifty thousand years old, making it the oldest example of rope yet known.8

Dr. Hardy and his colleagues took their analysis of the rope even further. They postulated in a paper published in Nature magazine that the ability to make rope represented impressive abstract thinking by Neanderthal people. “The production of cordage is complex and requires detailed knowledge of plants, seasonality, planning, retting, etc. Indeed, the production of cordage requires an understanding of mathematical concepts and general numeracy in the creation of sets of elements and pairs of numbers to create a structure. Indeed, numerosity has been suggested as ‘one possible feral cognitive basis for abstraction and modern symbolic thinking’.… As the structure becomes more complex (multiple cords twisted to form a rope, ropes interlaced to form knots), it demonstrates an ‘infinite use of finite means’ and requires a cognitive complexity similar to that required by human language.”9

So ropemaking, in addition to the practical uses to which cordage could be put by these early people, also could have represented a human ability to think in abstract numbers—a trait that most people likely consider to be the province of Homo sapiens in the last few thousand years or so. According to Dr. Hardy and his colleagues, the Abri du Maras find suggests abstract thinking was commonplace for Neanderthals tens of thousands of years ago. Cave people were a lot more on the ball than we previously imagined.

We could boil down the finding by Hardy and his team this way: if we can make rope, we just might do okay in life. One of the more intriguing and inventive uses of rope was noted in volume 1 of A History of Technology: “Indeed, a cave painting in eastern Spain of Late Paleolithic or Mesolithic date depicts a person using what appear to be ropes to climb down the face of a cliff, in order to collect wild honey.”10

But how did early humans actually make rope?

Turns out the first ropemakers were strippers—no, not that kind of stripper.

The easiest way to make simple rope is to find a thin vine. The vine itself can be used as a length of cordage. This approach to rope is limited, however, both by the length of the vine and by the fact that even the thinnest vines aren’t very easy to work with for making knots or for compacting into an easy-to-carry coil.

Another primitive way to make simple cordage is to strip off a length of tree bark and then twist that length between thumb and fingers of either hand. This twisting action will eventually make the strip kink in the middle between our hands. So we will have the middle kink and then two lengths coming off either side. The next step is to take one hand and pinch the kink while the other hand takes one of the two lengths and twists it one turn. The pinching hand advances to where the twist ends and then the other hand grabs the other strand and twists that, tucking it under and around the first strand. The pinching hand advances and the process is repeated over and over. Eventually we produce a length of two-strand twisted cordage. This hand-twisting process is easy to learn and produces simple cordage useful for many simple tasks. For early humans, this was surely the first way they realized the tremendous usefulness of rope as a tool.

The actor Tom Hanks demonstrates the simple method of using strips of bark for cordage in the 2000 movie Cast Away. Hanks’s character is stranded alone on a South Pacific island after his plane crashes. He realizes that he will have to save himself, so he builds a raft on which to escape. But to make a raft he needs a way to lash the logs of the raft together, so he strips bark from saplings and hand twists them together to make cordage. It’s a great example of what early humans no doubt did when they needed a way to put things together. (By the way, the non-ropemaking scenes of Cast Away are pretty good, too.)

YouTube has many videos by outdoors people and survivalists that show viewers how to make simple rope. I contacted a YouTube personality named Rob Nelson, whose channel is called StoneAgeMan. Nelson has a good video on how to make simple cordage in the woods. “The essence of what I’m doing is to try to get people to remember that we evolved in the Stone Age as hunter-gatherers,” Nelson said. “I quite enjoy the idea of reminding people that much of our evolutionary history was in this age where we didn’t have modern tools.”

“My feeling is, besides having a blade, that rope is maybe the most useful tool that there is for sure. I don’t know how you could make a structure very easily without some rope. You’d have to rely on existing tree falls or that kind of thing. But yeah, rope is tremendously important.”




TWO TYPES OF TWIST

What makes the fifty-thousand-year-old cordage discovered by Bruce Hardy and his colleagues at Abri du Maras extra intriguing and important is that it isn’t simple two-strand cordage; it’s more sophisticated three-strand rope, in which there are three individual strands twisted around each other. To make a three-strand rope we need to employ both an S and a Z twist, as Dr. Hardy saw in the Abri du Maras specimen. These letters are used because their central slants align with the orientation of the strands. An S twist is when the rope elements are twisted to the left, or counterclockwise. If we look at any short section of S-twisted rope, we’ll notice that the strands start at the upper left and descend to the lower right. A Z twist is the opposite. It represents fibers that have been twisted to the right, or clockwise. Inspect a section of Z-twist rope and we see the strands start on the upper right and descend to the left.

Now let’s start from the smallest parts of the rope and work toward the completed rope using these S and Z twists. A three-strand rope begins with thin wisps of material called fibers—of halfa grass or some other natural fibrous source. The fibers are twisted together, in the same way wool is twisted using a spinning wheel into yarn. In fact, this first element of a rope is called a “yarn.” The yarn is twisted together using either an S or Z twist. Then a group of three yarns is twisted together into something called a strand. If the yarns have an S twist, then we want to twist them into a strand using a Z twist. Twisting them the opposite way puts the elements in tension with each other; the opposing twists work to keep the rope together. The final step for a three-strand rope is to twist the three strands together, again using the opposite twist that was used to make each strand.

So what are the physical factors that make these twisted strands work as rope? The first is friction. The many strands of natural fiber don’t easily slide past each other because of friction (and some mechanical interlocking due to surface irregularities).

The other factor is introduced by the twist of the strands. Let’s focus on one strand of a three-strand rope. Due to the twist, the strand wraps itself around the other two strands in the form of a helix. The result of the helix is that when a pulling force is applied to the strand, the helix tightens, thus locking the rope more tightly together.

We can demonstrate this tightening with a simple experiment. We put one forearm out in front of us parallel to our chest and then lightly wrap a piece of rope around it a few times, starting near the elbow—we can leave the end closest to the elbow dangling, no need to tie it to anything. Then take the end of the rope where it comes off our arm at our wrist and pull it in the direction opposite from our elbow but along the axis of our forearm. We’ll notice that instead of sliding off, the helix shape causes the rope to tighten on our arm. We can tug hard on the rope and even though it isn’t tied off to anything, it will stay put.11

Since the three strands of finished rope remain in place because they are twisted around each other and support each other, what happens when we get to the end? There are no downstream strands to hold the strands together at the ends of a rope, which means they can unravel. To secure the ends we can either tie a knot into each end so the strands don’t unravel, or we can hold the strands in place by wrapping a lighter line around the rope’s circumference. This process is called “whipping,” which we’ll discuss later on.

Making rope by hand twisting is laborious. We have to do all the twisting with hand manipulations while making sure we’re imparting the right direction of twist. The inventive minds of early humans must also have realized that fact, because even tens of thousands of years ago, it appears they were inventing tools to speed up the process.

One of the best examples of these was found in a cave just outside the town of Schelklingen, in south central Germany. The cave is called Hohle Fels (“hollow rock” in German) and is in a line of low mountains called the Swabian Jura or Swabian Alps. The cave, and several others in the immediate area, was used as a habitation for early humans. One of the first archaeological excavations in the cave was in 1870, when various animal remains were found, including cave bears, reindeer, mammoths, and horses. And alongside those bones, human-crafted tools from the Upper Paleolithic were also uncovered.12

Many more excavations have since taken place, and these have unearthed further evidence of human habitation, including small sculptures of a bird and a human-lion hybrid figurine.13 In 2008, an excavation led by Dr. Nicholas Conard of the University of Tübingen in Germany found a hand-carved figurine of a busty female made from a woolly mammoth tusk that has been dubbed the Venus of Hohle Fels.14 It’s an example of a Venus figurine, a type of prehistoric sculpture that has been widely found across Europe and the Middle East and as far east as Siberia. The Venus of Hohle Fels figurine has been dated at thirty-five thousand years old and is said to be the oldest example of human figurative art.

In 2020, Conard led another archaeological dig in the cave and on this outing discovered a forty-thousand-year-old mammoth tusk that also had been carved by humans.15 In this case, however, the tusk was not a human figure, but was clearly a tool. It had four holes bored through it. And the edges of the holes had been scored with angled, radiating cuts, as if designed to guide material through the four openings.

Manual ropemaking requires that we impart the twist by turning one hand under the other and then moving up our pinching fingers to the latest twisted spot so it doesn’t unravel.

What if early humans figured out a way to get around all those hand motions?

That’s what Conard and another researcher, Dr. Veerle Rots, an archaeologist from the University of Liège in Belgium, thought when they looked at the four-holed mammoth tusk. If we fed lengths of grass into the four holes and then spun the whole tusk around, the four strands of grass would twist around each other and make a four-strand rope. Rots did a demonstration of this that was made into a video that showed the process in action.16

If Conard and Rots are correct in their assumption, this mammoth tusk is possibly the earliest ropemaking tool. It’s the first indication we have that early humans may have started the process of systematizing rope production.

In the next chapter we’ll jump ahead a few tens of thousands of years to when humans began to form agricultural civilizations, and rope took on a larger role as ever-larger human societies formed. As science writer Gaia Vince noted in her book on human development, Transcendence: How Humans Evolved Through Fire, Language, Beauty, and Time, “Social networks create synergy, allowing configured groups to achieve things that a disconnected collection of people could not.”17 Just as the first humans discovered how many small strands of fiber could come together to make rope, these larger communities learned how to bring individuals together to do big things, some of which still stand today to our modern wonder and amazement.








STRAND TWO
[image: ]

STITCHING BOATS, RAISING PYRAMIDS



IN THE SPRING OF 1954, a crew of workers from the Egyptian Antiquities Service sweated through a hot, monotonous job on the Giza Plateau. Adorned with the pyramids, the most spectacular monuments ever built, Giza is on the western side of the Nile opposite Cairo. The crew worked at removing more than a century of debris and wind-blown sand from the southern side of the Great Pyramid of Khufu. These men likely had no clue that their work detail might involve anything more than carting away sand. One man among them, however, had a hunch that proved spectacularly correct. Thirty-six-year-old Kamal el-Mallakh’s instincts led him to an amazing find that changed our knowledge of both shipbuilding and the role of rope in ancient Egypt.

El-Mallakh, a tall Coptic Christian Egyptian trained as an architect and later as an Egyptologist, was employed by the Antiquities Service. He directed the cleanup of the debris, which had reached heights of 20 meters (65 feet) in places, obscuring the lower levels of the massive pyramid.1

As the last of the debris was scraped away—it had to be done carefully should it contain any artifacts worthy of study— el-Mallakh and the workers uncovered the base of a mud brick wall. El-Mallakh recognized this as the temenos, or boundary wall built around the base of the pyramid on all four sides. He noticed something different about this wall they had just uncovered, however. While the other walls were laid out precisely 23.6 meters (77.4 feet) from the base of the structure, this one was 5 meters (16.4 feet) closer to the southern base. El-Mallakh thought this difference was a clue. He was convinced that the wall was built closer to the pyramid as a way to hide something that lay below it.

The wall was laid down on a hard-packed plaster of sorts called dakkah, composed of compressed powdered limestone, wood scraps, small shards of limestone, and bits of charcoal all mixed with dirt. El-Mallakh’s mind was now racing: What lay beneath and why was it so important to hide?

El-Mallakh directed the workers to clear away the dakkah around the wall. As they did so, however, el-Mallakh couldn’t contain his curiosity. Without waiting for them to finish the clearing, he impulsively grabbed a sharp stick and thrust it deep into the hard dakkah. When he withdrew the stick, he saw something that confirmed his hunch might be right. The wood was smeared a pinkish red. He knew that the colored material was not something normally found by randomly probing the arid soil of the Giza Plateau. It was a pinkish-white plaster used by the ancient Egyptians made from gypsum mined nearby.

He was onto something.

Once the dakkah was cleared, they saw a succession of limestone blocks, thin rectangles lying with their long sides next to each other. There were two sets of the blocks, one group of forty-one stones, the other of forty stones, separated by a bit of ground. All the tightly fitted seams between the limestone slabs were slathered with more of the pinkish plaster, as if the builders were trying to seal something up tight.

El-Mallakh’s workmen began chipping away at the twenty-second block in the eastern set of stones. For days the workmen hammered at the limestone, digging an ever-deeper hole. Finally, el-Mallakh took over the hammer and chisel. When the last shard of rock dropped away, he lowered his head to peer into the darkness. It was May and the sun was rising higher in the sky each day, blasting the plateau with a dazzling light that prevented him from seeing anything in the ancient gloom below. Then el-Mallakh decided to rely on another sense. “Like a cat,” el-Mallakh recalled, “I closed my eyes … I smelt incense, a very holy, holy, holy smell. I smelt time … I smelt centuries … I smelt history.”2

Also among the scents that wafted up through the dark hole was the unmistakable note of cedar, one of the woods imported from faraway Lebanon used by the Egyptians to build their Nile boats. “And then I was sure that the boat was there,” el-Mallakh said.3

Anticipating a need for it, he had brought along his shaving mirror. Using the mirror, he caught the sun’s light, “the beam of Re [sic], the Sun-god,” el-Mallakh said,4 and directed it down into the pit. The reflected light revealed the clear shape of an oar blade, one of the vessel’s steering oars, 21 feet long and carefully hewn from a single length of cedar. The oar was the capper—this was an ancient ship.

Once all the limestone slabs were carefully removed, the pit was found to contain the disassembled parts of a 142-foot, 4,500-year-old vessel. In all, they counted 407 pieces laid down in thirteen layers.5 It remains the oldest example of a planked watercraft ever discovered.

Also found in the pit, along with the timbers of the boat, was a mass of rope. This thick pile of three-strand cordage was of different dimensions, but it was, like the boat itself, in a remarkable state of preservation, as if it had been twisted a few days before.

The reason the Khufu boat was buried in the pit is still unknown to Egyptologists. Some speculate that it was a solar barque, a type of boat intended for the dead pharaoh to use in the afterlife when he would sail in the heavens alongside Ra, the sun god. Others have suggested it was the vessel that brought Khufu’s embalmed remains from the Egyptian capital of Memphis to his pyramid at Giza for burial.

After many years of careful detective work (unfortunately, there was no instruction manual on how to put it back together!), the boat was reconstructed and eventually put on display in a special building built for it at the base of the pyramid. In 2021 the boat was moved to the Grand Egyptian Museum nearby.6


ROPE ALONG THE NILE

The three-strand rope found in the pit with Khufu’s solar boat proves that the ancient Egyptians were surprisingly adept ropemakers. A rope of its sturdy dimensions was surely used as docking line to hold a boat fast to the quays along the Nile and for the halyards and sheets and stays of the boat’s rigging.

Using rope for these things is inherently understandable by any boat owner today, as rope is still used this way. When a boat is brought alongside a dock at a million marinas and yacht clubs the world over, lengths of rope are used to secure the vessel to cleats spaced along the dock. Sometimes, to the amusement of bystanders, the coils of docking line are prematurely tossed by an excited crew member with most or even all of the line ending up in the water. It likely happened on the Nile thousands of years ago, too.

So while some aspects of the Khufu boat—and rope—are entirely familiar, some are not. The boat was an excellent example of something very different from the building of boats long practiced in Western Europe and European-settled North America; specifically, how rope was used to hold parts of the boat together

In Western European practice, when building a wooden boat we start with a keel, a length of wood that runs along the lowest part of the boat. The keel extends from front to back, or in nautical terms from bow to stern. The keel is akin to a human backbone. Attached to the keel at right angles are other pieces of wood called frames or ribs.

Once the keel and frames are built, it’s time to attach the outer covering of the hull, the planking. If we’re standing on a dock looking at a boat riding in the water, the planking is what we see as the hull of the boat. The planking, however, has little structural strength all on its own, and it requires the keel and ribs to support it. In this way of making a watercraft we build from the inside out.

The ancient Egyptians performed the whole process the other way around, building from the outside in—a process called “shell-first” boatbuilding.

They started with the outer form of the boat, the planking. And they constructed their planking in a sophisticated way, crafting them with each edge flush to the adjacent edge. This method is called “carvel planking” and requires careful fitting of the planks so the edges lay as flat as possible against each other to add strength and reduce the possibility of leaks (more on fighting leaks below).

This carvel planking sounds simple enough—that is if we’re building, say, a flat-bottomed barge with flat sides. Egyptian boats like the Khufu boat, however, were nothing like this. They had graceful, curving lines without a flat plane visible. (Actually, these boats often did have a few flat planks at the bottom of the boat, but they were underwater and out of sight when the boat was immersed in the Nile.)

Carefully shaping the planks to have flat edges as they formed the curve of the hull is a challenging task. Even more challenging is to form the boat and hold it together without using nails, screws, or any type of adhesive (modern boatbuilders can choose to use an incredibly strong adhesive called epoxy). The Egyptians solved this problem in two ways.

First, to keep the planks aligned with each other, they used mortises and tenons. A mortise is a hole or channel carved into wood. Into the mortise fits a solid block of wood called a tenon. Cutting mortises on opposite sides of two planks that were destined to lay alongside each other in the hull and then inserting a tenon—often carved from wood of the Christ’s-thorn bush—into the space provides a mechanical method for keeping the planks aligned in the fore and aft (front and back) direction. A plank couldn’t slide past the other toward the bow or the stern because the tenon prevented it from doing so.

Fair enough, but what kept the edges of the planks pressed together and the tenons in their mortises?

That’s where rope comes in.

In the “shell-first” method of construction, the hull is literally stitched together with rope. Rope keeps the plank edges and the captured tenons pressed against each other.

The evolution of this method of lashing a boat together makes perfect sense if we look at how Egyptian boatbuilding began. We know from art on Egyptian tomb walls and from the many small boat models that have been recovered from tombs that the Egyptians built their first boats from bundles of reeds that grew along the Nile’s edge. These bundles were tied together using cordage made from halfa—a tall-growing perennial grass widely available in Egypt.7

The first versions of these watercraft were usually little more than rafts of reed bundles. But as their boatbuilding skills grew, the Egyptians assembled the reed bundles into curved shapes that were better able to handle waves and keep the people in them dry and that looked pleasing to the eye.

So when they built boats with wood, the Egyptians naturally applied what they knew about keeping a reed boat hull together to the new material. They lashed ’em.

The process of tying wooden planks together, however, is far trickier and requires far more skill than simply lashing up reed bundles. Reeds can be tied together with rope on the outside of the structure. For aesthetic and practical reasons, however, the Egyptians used a different approach to lash their wooden vessels.

They cut a series of V-shaped channels into the interior sides of the planks. These channels didn’t go all the way through the plank to the exterior of the hull but were cut only halfway. Then halfa ropes were threaded through the channels going from one side of the boat to the other. The ropes were tightened and then tied off. They drew the planks tightly together and ran only on the interior of the hull. From the outside, the ropes were invisible.8

This hidden structural lashing technique had several advantages. A boat built with ropes that pierced the hull—from the interior to the exterior—would require that the holes be heavily caulked to prevent leaks. Interior lashing eliminated this problem. It also protected the ropes from chafing damage when the boat was grounded on a beach or put up against a stone dock. And it was far more pleasing to the eye to hide the ropes inside the hull away from view.

To further buttress the vessel’s structural integrity, transverse wooden frames were then added to the hull. These frames were also lashed into the hull structure.

Between the mortise and tenons that restricted fore and aft movement and the ropes that pressed the planks together laterally, Egyptian shell-first vessels were well-built watercraft that were not only used on the Nile but also made voyages in the Mediterranean and the Red Sea. Egyptian vessels sailed north to Lebanon and Cilicia to secure cedar planks to build ships, and they sailed south in the Red Sea to what the Egyptians called the land of Punt (Somalia or Yemen), where they traded for ebony and ivory, leopard and panther skins, fragrant gums, sandalwood, gold, frankincense, and myrrh.

As we’ve discussed with the Khufu boat, Egyptian ropemaking was highly advanced. The Egyptians had mastered producing rope from halfa, papyrus fibers, and the fibrous parts of date palms, flax, other grasses, animal hide, and even animal hair.9

The earliest written mention of this process is from a Fifth Dynasty (2520 to 2400 BCE) tomb in Thebes, a capital of Egypt for long periods in the Middle and New Kingdoms. The writing translates as “twisting the ropes for boatbuilding.”10

In another tomb in Thebes from 1500 BCE, a scene is depicted of three men making two-strand rope. “The man on the right is separately twisting the two strands, which are attached to whirling tools, in the clockwise sense and slowly walking forwards. Meanwhile, the man on the left is closing the strands by twisting the tool, to which both strands are attached, in the anti-clockwise sense and walking backwards as the rope is formed. The man in the middle, who is seated, holds a marlinspike between the strands.… His role is to control the forming of the rope by ensuring the strands are laid tightly together.… The painting also shows papyrus plants, a bundle of cut reeds, and four coils of rope. There is also a group of the tools used in rope-making, including a knife for cutting the papyrus stems, a mallet for beating them, two whirling tools and two marlinspikes.”11

In ancient Egypt, rope was not solely the province of boats and boatbuilding. Surveyors were “rope stretchers” who used knotted cord to measure land. Even the great pharaohs ceremonially stretched ropes to mark the foundations of new buildings. The Greek historian Herodotus labeled these rope stretchers as harpedonaptae.12

This idea of using rope as a measuring device for civic construction was also found in ancient Babylon. The 1754 BCE stone inscribed with the law-giving Code of Hammurabi has an image of the sun god giving mankind a measuring rope to stake out the building of temples. Surveyors were less glamorously referred to in Babylonia as “draggers of the rope.”

In the ancient Indus Valley, rope stretching also had a religious significance. “The Śulbasūtras (Rules of the Cord) compiled between the fifth to eighth centuries BC, supply geometric prescriptions for the construction of ritual altars. These prescriptions were based on rope-stretching and were carried out by the Vedic priests.”13



MAN-MADE MOUNTAINS

Probably the most important use of rope in terms of how we think about the ancient Egyptians was for building the pyramids. While we don’t know exactly how these stone monuments—the most impressive of which were made between roughly 2600 and 2300 BCE—were built, rope was likely a key tool in their construction. Using rope, muscle power, and perhaps some other clever methods we can only guess at, the Egyptians built seven major pyramids over a period of roughly one hundred years. “The manufacture of ropes was of the greatest importance in the ancient empires, for man was the chief source of motive power, and it was only by means of ropes that the gangs of slaves could apply their combined strength to move the high stones used in the construction of the pyramids and other great monuments.”14

In other words, if we have a 2 1/2-ton limestone block and we want to move it, we can gather a few hundred people around the block, but only a small fraction of those hundreds can actually get their hands on the stone to push it. If, however, we wrap a thick rope around the stone and extend that rope out in front of the heavy block, then all of them can participate in the task of hauling it.

The blocks used to construct the Great Pyramid, for example, were likely quarried close by the pyramid on the Giza Plateau from the nearby Mokattam formation of limestone. The exterior white limestone casing blocks were from a quarry at Tura on the east side of the Nile. Some of the biggest stones were of granite that were bought from quarries in Aswan. The granite and the white limestone from Tura were transported by boats on the Nile to the edge of the Giza Plateau. From there they were likely dragged on wooden sledges to the site of the growing pyramid.

The precise method the Egyptians used to get the blocks up onto the pyramid remains a maelstrom of contention by Egyptologists and pyramid enthusiasts alike.

Herodotus writing about Egypt in 450 BCE was not clear about how the structure was erected—not surprising since the Great Pyramid had been built some 2,000 years before he arrived. In his book Histories, Herodotus did describe in very general terms a lever-based machine that lifted the blocks up the pyramid one at a time. Such a device would likely have used rope both to hold the block and to control the levers.

The most widely accepted idea is that the Egyptians built earthen ramps on which to drag the stones to the monument’s ascending levels. While this passes Occam’s razor as conceptually the simplest way to build a pyramid, in practical terms a ramp becomes increasingly more difficult as the pyramid grows taller. Soon the ramp becomes very long, and the building of the ramp becomes a bigger task than the construction of the pyramid.

Some Egyptologists and historians have suggested it was not a single straight ramp but one that spiraled around the outside of the growing pyramid, or a zigzag ramp built up one side of the pyramid. French architect Jean-Pierre Houdin suggested in a 2006 book that the Great Pyramid contains an internal ramp spiraling up just inside its outer walls.15

Another intriguing idea—and a much more rope-intensive one—suggests that the slanted sides of the pyramid, which are angled at 52 degrees, were used as the ramp to bring up the stones. In the 1990s a German quarryman and mason named Franz Löhner devised a pyramid-building technique that made use of what he called “rope rolls.”16 These were wooden shafts like a thick dowel that were set in a wooden assembly that allowed the wooden shaft to spin. Löhner imagined these rope rolls as essentially a simplified block and tackle, but with only a single turning block (the internal wheel in a block and tackle), compared to most block and tackle setups, which have multiple blocks.

Löhner’s idea of how the stones were hauled up the pyramid goes like this: wooden tracks were attached to the sides of the pyramid. The wooden sledges carrying the building stones rode on these wooden tracks. Löhner’s rope roll was lashed to a special protruding piece of limestone high up on the side of the pyramid. Rope was then tied to the building-block sledge and the rope was taken up the side of the pyramid, passed around the shaft of the rope roll, and then led back down to a gang of workers. In Löhner’s concept the workers aren’t hauling the stone up the pyramid against gravity, but were walking down the side of the pyramid using their own weight to assist them in pulling the stone upward. The rope roll turns the rope 180 degrees so that the workers haul the stone up by walking down. It’s an intriguing idea for how the monuments were built, and it eliminates the need for external or internal ramps.




STONE SKEWERS

Pyramids are not the only massive stone object the Egyptians moved around with rope. They also carved huge statues and columns of stone called obelisks (the pointy ones that look like the Washington Monument). Much like the massive granite blocks used for the roof of the King’s Chamber inside the Great Pyramid, the obelisks were carved from red granite found at Aswan in southern Egypt. The largest obelisk was the approximately 500-ton obelisk of Pharaoh Thutmose III, made in the 1400s BCE. It was raised at the temple of Amun-Ra at Karnak.17

Much like their more famous monument cousins, the pyramids, the exact method the Egyptians used to raise these pointy stones is unknown. Many researchers are convinced that sand was a key tool. First, a mud brick and stone ramp was built. This was something of a ramp to nowhere, its high side ending over a pit formed by an enclosing wall. In the pit was a horizontal stone designed to hold the base of the obelisk. The pit was then filled with sand and the obelisk dragged up the ramp with ropes, flat base-end first. It was hauled up until the base-end half of the obelisk extended out onto the sand. Then a part of the enclosing wall was removed and the sand flowed out. As it did, the base end of the obelisk tilted down with the outflowing sand until the sand was gone and a bottom edge of the obelisk rested on the stone base. The obelisk was now nearly upright. The last task was for a crew of workers with ropes to pull it upright so it sat firmly on its base.

Obelisks with their tapering sides and mini pyramid at the top, called a pyramidion, are almost as big a hit as pyramids. When it came time for the U.S. government to memorialize its first president, Washington’s monument was built as a 555-foot-tall obelisk tower. A 203-foot obelisk was built in Dublin’s Phoenix Park in the early nineteenth century to commemorate the victories of the Duke of Wellington, who was born in Ireland. To celebrate Buenos Aires’s quadricentennial in 1936, a 235-foot obelisk was constructed downtown.

People in many countries were not satisfied with merely copying obelisks, however. They wanted the real thing. In 1250 BCE the pharaoh Ramses II had two obelisks built to adorn the exterior of the temple at Luxor. In the nineteenth century the British expressed interest in taking possession of these standing stones. The French ambassador swept in, however, and got them promised to his country. One of them was taken down and shipped to France in 1830. It was placed in the Place de la Concorde in Paris—an addition that immediately spruced up a public space that had once been used as the site of the busy guillotine during the Reign of Terror in the French Revolution. In return for the obelisk, the French government gave the ruler of Ottoman Egypt, Muhammad Ali Pasha, a large clock that was installed in the Cairo citadel. The clock has reportedly not worked reliably since it was installed in the 1840s.18

The British and Americans decided they needed real Egyptian obelisks, too, and spirited away their own prizes, two obelisks made during the reigns of Pharaohs Thutmose II and Ramses II. One went to London and one to New York City. Both obelisks have suffered weathering from the local conditions in the two cities, and Dr. Zahi Hawass, former head of the Egyptian Ministry of Antiquities, has spoken out that the monuments should be restored or repatriated to Egypt.19




“BENEATH THE HAUNTED MOON”

In 2600 BCE (during roughly the same period when the Great Pyramid at Giza was built) in southern Britain, the first iteration of Stonehenge was begun by Stone Age people. There would be several waves of building as, again, massive stones were moved by societies with only simple technology and no wheels. And again, rope was an essential tool in construction of this enigmatic monument.

Since Stonehenge, which sits on the Salisbury Plain in Wiltshire in southern England, is considerably less massive than the pyramids, we might think that its origins wouldn’t be nearly as controversial as the Egyptian monuments. Not so. In the world of archaeologists, Stonehenge has its own controversies and competing theories. Such as, where did some of the massive building stones come from, and how did they get there?

There are different sets of stones used at Stonehenge. The first are the so-called bluestones. These are not actually all the same type of stone but are generically called bluestones for convenience.

Most of the bluestones are composed of something called Preseli spotted dolerite—a type of hard igneous rock found in the Preseli Hills in southwest Wales.20 In the 2010s two sites of ancient rock quarries were discovered in the Preseli Hills that many archaeologists were convinced matched the rock used for the 1- to 2-ton bluestones at Stonehenge.21 So it seems clear that the bluestones came from a site in Wales more than 140 miles away from Stonehenge.

Recently, researchers announced that the so-called altar stone at the site did not come from Wales but closely matched stones from the Orcadian Basin of northeast Scotland.22 That means the altar stone was moved more than 400 miles to the Stonehenge site.

So, how did these heavy stones get there? Transporting objects of those sizes for those distances by Stone Age people is an amazing feat.

One theory is that the bluestones were deposited in southern England as glacial erratics (an erratic is a glacially deposited rock that differs from local rock). The other, more established theory is that the stones were quarried in Wales and then transported to the Salisbury Plain by people who were sufficiently organized and motivated to carry out this enormous task.

Wooden sledges, rope, and the muscle power of hundreds of people would have been required. And the route must have been carefully planned beforehand to minimize river crossings and avoid sinking a stone-laden sledge in a wet bog. Moving the altar stone from Scotland means even more rivers to cross and bogs to avoid.

While the transport of the bluestones and the altar stone is a source of contention, the other type of stone used at the site is not. The tall sarsen stone trilithons (two upright stones with a stone lintel joining them) are sandstone blocks that were quarried 16 miles north of the Stonehenge site. They were certainly dragged there on sledges by teams of people hauling on ropes. One expert, Sheffield University professor Mike Parker Pearson, suggests that up to four thousand people came together to haul the large sarsen stones into place and erect them.23

We know the builders used rope to haul the stones and to pull them upright, but what was the type of rope used for this task? Some researchers have suggested leather strips woven together. British archaeologist Mike Pitts suggested hazel withies and bast rope: “Short lengths of withy [rope] are known from the Dover boat (in yew, around 1550 BC).… Large numbers of withy fragments were found near Stonehenge in the 1960s at the bottom of a deep chalk well, at least some of which may have been hazel. In addition there were a few short lengths of a three-strand reverse-twist cord, with a breaking load of 250 kg (550 lbs), possibly made from bast fibre (from the inner bark or skin of flowering plants or trees). Such cord could readily have been braided into substantial rope capable of pulling tons. Its age is debated, but it’s probably Bronze Age, around 1400 BC.”24

Barney G. Harris, a postdoctoral research fellow at the Institute of Archaeology at University College London, helped organize a reenactment of dragging Stonehenge-sized blocks in London in 2016. For the reenactment they substituted concrete blocks to represent the standing stones and used natural-fiber hemp rope. Harris wrote in an email that he thinks the rope used for the actual Stonehenge hauling was some form of natural-fiber rope. “There isn’t much direct evidence for Neolithic rope making, though later examples exist,” he explained. “For example, honeysuckle rope was found at ‘Seahenge,’ a Bronze Age timber circle in Britain. Farther afield, rope from lime bast has been recovered from various locations in Northern Europe.”



MORE MEGALITHIC STRUCTURES

What’s clear is that ancient humans were surprisingly good at coming together in large groups and conducting major building projects. In addition to the pyramids and obelisks of Egypt and the ring of stones at Stonehenge, there are many others. Göbekli Tepe in Turkey is an ancient building site with massive T-shaped stelae stones arranged in multiple circles that, likely built in 9500 BCE, is much older than the Egyptian pyramids. In Central America there are the Mayan and Aztec pyramids and on Easter Island in the Pacific the fascinating moai.

One of the greatest human building projects was the Great Wall of China. The name is something of a misnomer; as Chinese and East Asian historian Arthur Waldron wrote, “no single Great Wall ever existed in China.”25 The Great Wall is not one wall, but comprises various lengths of walls built over many centuries, some constructed of rammed earth, some with brick and stone. While examples of these walls go all the way back to 1100 BCE, the most famous and photogenic section was not built in antiquity like the pyramids or Stonehenge. The crenelated wall that snakes up and down hills that we often see being traipsed by tourists and dignitaries was built during the Ming Dynasty from the 1300s to the 1600s CE. In 1610 the Italian Jesuit missionary Matteo Ricci, who in 1601 was the first European to enter the Forbidden City in Beijing, wrote of “an unbroken line of defence with a tremendous wall 405 miles long.”26

Not only was the Great Wall not wholly constructed in ancient times, it was also not built solely with blocks of stone like the pyramids or Stonehenge (although stone was used in many areas for foundations). The majority of the wall was made with brick with dimensions of 14 × 7.5 × 3.5 inches (36 × 19 × 9 centimeters).27 Given the transportability of brick—Great Wall workers were said to carry four bricks on level ground, two when going uphill28—the wall didn’t require the stone-dragging capabilities of rope in its construction. Rope was, however, used for lashing together the scaffolding on which the workers stood when laying the brick as the walls rose.

Rope, like the organization of ancient human societies that saw people coming together to undertake a task, allowed these massive constructions to take shape. In the next chapter we’ll look at the evolution of boats and ships using rope, investigate how rope was made with natural fibers, and discover how rope’s practical importance led to it being used as a metaphor for connection in many cultures.








STRAND THREE
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CORDAGE GETS TO WORK



THE VOYAGING CANOE HŌKŪLE‘A, LAUNCHED in 1975 by the Polynesian Voyaging Society of Hawaii, is a modern reconstruction of a traditional Polynesian voyaging canoe. These catamaran canoes, built for centuries by Polynesian peoples, were highly dependent on rope. Instead of nails or wooden pegs to join sections of the boat, the Polynesians relied on coconut-fiber rope to lash the twin hulls, the crossbeams, the crew platform, and other structural elements into a capable ocean-sailing vessel. Rope was also essential for raising, lowering, and controlling the sails.

Since modern rope was more readily available in 1975, the builders of Hōkūleʻa used that for lashing and sail control lines. In most every other way, however, Hōkūleʻa is a faithful example of its type, the Polynesian rope-lashed ocean voyager.

After its launch, Hōkūleʻa made numerous passages to prove the ocean-sailing genius of the Polynesians and their rope-lashed boats. In November 1985 Hōkūleʻa was on just such a voyage to New Zealand from the island of Rarotonga (or Aotearoa as it’s known in Polynesian). With a crew of fifteen voyagers aboard, the canoe was navigated by Nainoa Thompson.

As Hōkūleʻa skimmed across the waves, Thompson and fellow crew members eagerly scanned the horizon ahead. They were on the lookout for the Kermadec Islands, which lay along their track to New Zealand. Thompson had participated on earlier traditional voyages and had been trained in the noninstrument techniques of his ancestors, but still he was nervous. He wanted to sight the Kermadecs to give himself a known waypoint to make sure of his navigation. Thompson wrote about his navigational uncertainty in his account of the voyage: “If we sailed too far south, we would run into westerly winds, and if we ended up east of New Zealand in westerlies, we would have to tack against them for days. But if we didn’t sail far enough south and turned west too soon we ran the risk of sailing past the top of North Island and ending up in the Tasman Sea without knowing it.”1

That night Thompson sighted two stars on the horizon. He recognized them as Alpha and Beta Centauri, two of the many stars traditional Polynesian navigators made use of for direction finding. His confidence swelled. Thompson was sure they were on the latitude of the Kermadecs, and that the islands lay to the west of the 62-foot-long, twin-hulled canoe. Buoyed by this sighting, Thompson steered west, and the 20-foot-wide catamaran took the waves as the sun rose astern.

Later, when the sun brightened the water surface, Thompson and his crew were so focused on sighting landfall that they missed the approach of a pod of eighteen sperm whales. “We sailed right into the middle of the pod. I don’t know why, but one of the whales … turned from the north and swam toward our starboard side with such force that her whole head rose out of the water. She came right to the hull of the canoe, then at the last moment, dove down and turned her tail. Instead of ramming us, which would have permanently damaged the canoe, she just kind of nudged us to the south.… We were just lucky we were still afloat. We continued heading west toward the setting sun, looking for the Kermadecs.”2

Later in the afternoon, the canoe, the only vessel on the wide ocean, was overtaken by a powerful squall from the north. It battered Hōkūleʻa and lightning speared the water all around them. The storm with its clouds and mist had greatly lowered visibility and Thompson feared they might run hard aground on the Kermadecs. He decided it was too dangerous to sail blindly into the murk. He ordered a course change to the south even as they were still enveloped by the storm.

Exhausted and needing rest, Thompson slept through sunrise. He was awakened by commotion from the crew. He saw Maori crew member Stanley Conrad excitedly pointing. The Kermadec Islands were in sight nearby. Thompson wrote that perhaps the encounter with the whale meant something more than they realized. “It was like a gift. Sometimes navigation is far out of our own hands. First the whale nudged us to the south. Later we guessed the whale might have been a cow who we had separated from her calf. But there might be another explanation—it may have been a sign from our ancestors.”3



SETTLING THE PACIFIC

At the same time the Egyptians were hauling on ropes to drag limestone blocks for their pyramids, another use of rope was reeling out in the Pacific. Peoples from Taiwan’s Dapenkeng culture, collectively termed Austronesian peoples, built ocean-going vessels, and in roughly 3000 BCE they began to move out across the vastness of the Pacific. Dapenkeng artifacts have been sourced to the Philippines in 3000 BCE, then to islands in Indonesia like Borneo, Celebes, and Timor circa 2500 BCE, and then Java and Sumatra in 2000 BCE, and still further east to the Solomon Islands by 1600 BCE.4 One of the ways archaeologists have tracked the steady movement of the seafaring people outward from their origin is via a stone tool quite appropriate for our story. In his book Guns, Germs, and Steel, Jared Diamond noted: “One specific type of artifact linking Taiwan’s Ta-p’en-k’eng [Dapenkeng] culture to later Pacific island cultures is a bark beater, a stone implement used for pounding the fibrous bark of a certain tree species into rope.”5

This outward movement across hundreds of miles of open ocean at a time started in Taiwan in the fourth century BCE and ended when voyagers reached Easter Island/Rapa Nui between 500 and 1000 CE. In the process, Austronesians planted settlements on every island that could maintain a human population. They also sailed west into the Indian Ocean, reaching Madagascar, plus there is archaeological evidence of a settlement on Enderby Island in the Auckland Archipelago off Antarctica, 290 miles south of New Zealand.

And like the boats of the Egyptians on the Nile, the expansion of Austronesian people across the Pacific was highly dependent on the use of rope. Their boats couldn’t sail without it.

One of the main fiber sources used by these premier voyagers was the hairy outer husk of the coconut, called coir. Other materials also included fibers harvested from plants like pandanus and lawyer cane. To caulk seams in the hull and make them watertight, they used a white compound made from dehydrated breadfruit sap mixed with strips of coconut husks.6

To make the coconut fiber rope, the coconut husks are soaked in water for a time. This softens the fibers so they can be removed and collected. Next the fibers are dried and then twisted into rope. Coconut-husk fiber rope is still made throughout the Pacific with Sri Lanka and India being major producers. Coir rope is an excellent choice for use on the sailing outriggers of the Austronesians as the fibers have a higher lignin content than many other options. This makes the rope nearly waterproof in salt water. Using this durable rope, the various sections of their outrigger canoes were tightly lashed together. David Lewis, who learned Polynesian navigational methods and sailed the Pacific passage on voyaging canoes, wrote of the canoe’s longevity in We, the Navigators: “If the canoe is rarely or never used they need to be renewed after two or three years. They should be replaced, however, after three months’ continuous seagoing. Since not even the longest hypothetical voyage in the distant past could have occupied three months without landing, the traditional methods and materials used in lashing or sewing a well-found vessel would provide an ample margin of safety.”7

Even with tight lashings, a voyaging canoe could still retain some flexibility to articulate with the waves. Archaeologist Geoffrey Irwin explained this in The Prehistoric Exploration and Colonisation of the Pacific: “Canoes tied together with vegetable fibers would be vulnerable to stress, but it is really more likely that some flexibility of movement would have been an advantage as the hulls worked against each other in the seas. One could go so far as to say there are times when a traditional multihull with wooden spars, pandanus sails and coconut fiber rigging would be less at risk than one with modern materials such as alloy mast, stainless steel rigging and terylene [polyester] sails. Caught in a sudden squall, perhaps at night, the traditional rig would be the more easily damaged, while more resistant materials can lead to modern catamarans capsizing.”8

An intriguing aspect of this rope-lashed Pacific expansion is that these daring voyagers accomplished it by going east, against the prevailing wind and current of that part of the Pacific. Like any sailing vessel, the voyaging canoes of the Austronesians—later called the Polynesians as they pushed east from the Solomon Islands to the islands of Vanuatu, the Cook Islands, the Tuamotus, and the Marquesas—can’t sail directly into the wind. To arrive at a destination upwind, one must sail at an angle to the wind, gaining some ground to windward with each angled leg of the voyage, a process called tacking. While it might seem counterintuitive that the Polynesians launched these voyages of discovery in a direction that meant they were fighting the wind and current, from the standpoint of sailing vessel, the strategy is sound. As anthropologist Ben R. Finney wrote in The Prehistory of Polynesia: “Exploring to windward would also have made good sailing sense. If a craft is sailed far downwind, there is always the problem of the return, either by tacking against the wind or waiting for a wind shift. This would not have been an enviable prospect for an exploring party low on food and water, and perhaps with a battered canoe. In contrast, if a craft is sailed to windward, it is relatively easy to return home by sailing swiftly downwind. The Polynesian drive to the east was a logical as well as a successful settlement strategy.”9

A question that may arise is how did these voyagers find their way across hundreds of miles of open ocean without any of the tools that western explorers relied upon, like the compass, sextant, and marine chronometer?

Rather than using mechanical devices, the Polynesian voyagers solved the problem using well-honed abilities of observation. They paid close attention to the stars above them, to the winds and wave trains on the surface, and to how islands affected the shapes and directions of the waves. They noted the presence of birds and even marine life in the sea. And they reportedly made use of light flashes moving through the water called te lapa that gave them direction to surrounding islands. This body of knowledge was passed down via oral tradition from generation to generation, an impressive example of powers of observation and strong societal connections.

Like all ancient cultures, the Polynesians noted the rising, transit, and setting of stars in the night sky. They realized that depending on latitude and the seasons, different stars would pass directly overhead (known as our zenith in astronavigation) during the night. These so-called zenith stars would tell voyagers their latitude. As they moved north or south, the zenith stars would change. And the bearing of stars as they rose and set would also provide directional clues.

These seafarers were well attuned to prevailing winds and how they changed during the seasons. Thus, wind direction itself was a method for navigating. And as the winds blow across the ocean’s surface for days or weeks on end, they push long, roughly parallel waves before them, providing another clue. Islands in the stream of waves cause the waves to bend and refract as they move past outposts of land. Then these refractions come together in ways that allow an experienced Polynesian navigator to see the direction to the island. The various permutations of these wave interactions were memorized by navigators so they could be used to read the surface of the ocean and point the way to go.

As the voyagers neared islands—but while the island was still out of sight—they would note the presence of certain species of birds that routinely fly out to sea and then return to the island at night. The navigators also passed down observations of when and where on a voyage they might see dolphins or whales or other marine life—yet another data point for wayfinding.

During the daytime Polynesian voyagers watched for the presence of clouds that formed over islands and coral reefs. They also noted differences in the color of the sky resulting from light bouncing off island sand or the light color of atoll lagoons.

Most intriguing of the Polynesian navigational tools is te lapa, or “the flashing.” These are underwater light flashes—think sudden bursts like lightning but just under the surface of the water—that Polynesian navigators say are visible in the ocean. These light flashes emanate from islands and move in straight lines outward. According to Polynesian knowledge, these flashings are of different colors and the colors can be used to differentiate islands.




PHOENICIANS TIE UP MEDITERRANEAN TRADE

After 1200 BCE, Egypt was in full decline. Trade on the Mediterranean slowed and piracy flourished. By 900 BCE, however, conditions changed and maritime trade resumed.10 And the stars of this new trading and seafaring age were the Phoenicians. They evidently called themselves Sidonians, but similar to when we think up a clever nickname for ourselves that just doesn’t stick and people go with something a bit less flattering, they became known as the Phoenicians. The name Phoenician comes from the Greeks, who called them Phoinikes, which is related to a fabric dye derived from Murex, a type of sea snail. “To their Greek customers the Phoenicians may have seemed principally textile traders, ‘red(-garment)’ men.”11

The Phoenicians are classified by historians with the marvelous word Thalassocratic—academic speak for “sea empire.” The homeland of the Phoenicians (modern-day Lebanon) was an important trading center going back to the pyramid-building heyday of Egypt. For more than 1,000 years pharaohs had sent their ships northwest along the eastern Mediterranean shore to the port city of Byblos to purchase lumber hewn from its tall cedar trees.

To show the value of rope as a major tool and instrument of technology, there is an account of a high-ranking Egyptian priest named Wenamon who went to Byblos to trade for cedar, and the payment included gold, silver, garments of royal linen, and five hundred coils of rope.12

In the time after 900 BCE there were three main Phoenician cities: Sidon, Tyre, and Byblos. From these ports Phoenician sailors raised their masts, cast off their bow and stern lines, and sailed across the breadth of the Mediterranean. They planted a trading post in North Africa that grew into the city of Carthage, which centuries later became powerful enough to challenge Rome for control of the middle sea.

So impressive were the Phoenician ships and their merchants’ drive to find new resources for trade that they left the Mediterranean altogether. They sailed to the southern Spanish Atlantic coast and founded the port of Gadir, now called Cádiz, at the mouth of the Guadalquivir River.



GREEKS TAKE THE NORTH SHORE

When the Phoenicians expanded west into the Mediterranean, they favored the southern shore and planted their major colony at Carthage in North Africa, at the narrowest part of the Mediterranean at the Strait of Sicily. Not long after the Phoenicians had finished their expansion, the Greek states took to the sea as well. And since the southern shore was largely in the control of the Phoenicians, the Greeks went where the getting was good along the northern shore. They planted colonies at Taranto in southernmost Italy, at Syracuse in Sicily, in southern France, and in northeast Spain. In all, dozens of cities and towns spread out in a great pulse of sea-based expansion.

The Greeks also sailed east into the Black Sea. They founded a small town on the shores of the Bosporus, the narrow channel leading into the Black Sea. This town was Byzantium, later to become a Roman city and eventually the seat of the eastern Roman Empire as the city of Constantinople. The Ottoman Turks ended the eastern Roman Empire in 1453 and the name Constantinople (Kostantiniyye in Turkish) was still used to indicate a region of the old city. In the sixteenth century a German historian named Hieronymus Wolf was compiling a history of the eastern Roman Empire and wanted a catchier name for eastern Rome. So Wolf fell back on the moniker Byzantium, the name of the preexisting Greek city on the site of Constantinople. He titled his 1557 historical work Corpus Historiae Byzantinae. Wolf was thus the first to call the eastern Roman empire the Byzantine Empire, and the name stuck. As for the name Constantinople, the Ottoman Constitution of 1876 stated that the capital of the Ottoman state is Istanbul. The U.S. State Department finally gave in and began using the name in 1930.13

The Black Sea proved important to Greek city states like Athens, which needed to import grain from Sicily, Egypt, and the fertile soil of Ukraine along the sea’s northern coast.

Greek merchant ships, with ample hulls for carrying cargo, sailing rigs composed of a mast and a single square sail, and oars for when the wind was light or for maneuvering into harbor, plied the waters east and west carrying grain and wine, fish (sometimes in the form of a fermented fish sauce called garum), olive oil, tin, lead, and more.

Many of these cargos were carried in elegant ceramic vessels called amphoras. From the Phoenicians to the Greeks and the Romans—throughout the ancient world—amphoras were a constant. They came in a variety of styles but most were slender, with a pointed bottom and a narrow neck flanked by two carrying handles. The lack of a flat bottom would seem to make these a poor choice for a shipping container, yet their very tendency to lean over was used as a way of stacking them against the hull of the ship. It allowed them to nest together nicely. Once stacked, a length of rope was used to tie them together via their handles and then made off to cleats or metal rings on the inside of the hull. By this method they could be stacked and prevented from shifting as the ship moved through the waves. No sailor wants fish guts spilling all over the ship.



ALL TRUSSED UP

Similarly to the other maritime powers in the Mediterranean, the Greeks had two major types of vessels. There were the wide-bodied, deep-draft commercial ships that were slow and built to carry cargo and powered primarily by sail but also equipped with oars. The other class of ship were the narrow, fast warships, also equipped with sails but powered by oars when maneuvering in battle.

Greek merchant ships, like many dowdy merchant vessels through history, are eclipsed a bit by the fame and popularity (at least among naval historians and ancient ship geeks) of their warship brethren. For the Greeks this warship was the trireme, the thoroughbred of oar-powered battling ships. The trireme, named for its three banks of propulsion oars, was actually called a trieres by the Greeks.14 The name has come down to us as trireme from the Romans.

These ships were light, making them easier to propel by the three banks of rowers (who really needed to coordinate their strokes or there would have been a lot of broken oars). When conditions were right and the trireme was not expected to go into battle, masts were stepped, usually a mainmast and a foremast, and the ship was sailed from point to point. When it was time to engage enemy ships, the masts and the associated rope rigging were removed and put ashore, as there was no room on board with all those grunting rowers on a narrow vessel. Plus, carrying the weight of the mast, sail, and rigging would serve to slow down a trireme under oars.

Interestingly, one very important rope feature of Egyptian ships was still being used by the Greeks on their triremes. It was a length of heavy rope stretched from bow to stern that historians call an anti-hogging truss. Those not steeped in the experience of operating wooden ships might scratch their heads and wonder why hogs needed to be resisted aboard ship (other than the obvious mess they might make on deck). In fact, hogging is the term used to describe what can happen to a wooden vessel as it carries people and cargo and is subjected to the stresses of moving through the waves.

The strongest part of the vessel, where it is widest and the most wood has been used in its structure, is the middle of the ship, called amidships by mariners. The ends of the ship, the bow and the stern, have a tendency to sag downward as they become increasingly narrow and farther away from amidships. This process of bow and stern sag is called hogging (a little unfair to members of the pork species, who tend to stay structurally sound throughout their lives). To prevent their ships from hogging, the Egyptians attached a thick rope hawser under the bow, ran it to a wooden truss amidships, and then continued the hawser aft to the stern, where it was similarly attached under the planks. This setup is clearly shown in an Egyptian carving of Queen Hatshepsut’s ships that sailed to the land of Punt on a trading voyage.15

Similarly, Greek triremes had a heavy rope stretching from bow to stern called a hypozoma or hypozomata that functioned much like the Egyptian truss. Unlike the Egyptian rope, however, it didn’t emerge above the deck amidships in an exposed position, since it could have been damaged or cut by an enemy and made the trireme less seaworthy. As Lionel Casson explained in Ancient Mariners, “These were massive hawsers that ran from the stempost to the sternpost and were kept under tension; they gave the long slender hull the longitudinal stiffing that it very much needed.”16

The exact way the hypozoma worked is a bit of a mystery. Naval historian John Coates wrote, “How hypozoma were rigged, tightened and subsequently kept tight as the natural fibers, of which the ropes were made, relaxed as they do under a sustained tension, is not known.”17

One possible way these ropes were made taut was via the “Spanish windlass” technique. A Spanish windlass is made by placing a piece of wood into the strands of a length of rope. With the rope secured at its ends, it can be tightened by using the wood as a lever as it is rotated in a circle.

Just as the Egyptians used papyrus fibers for making rope, so, too, did the Greeks import papyrus from Egypt for ropemaking. A record from the third century BCE states that the Greeks also used hemp fiber for their rope.

Some of the lesser-known ideas about Greek triremes were made more substantial when the Greek navy built a 121-foot-long reconstruction of a trireme in 1985–87. The ship, named Olympias, was launched and rowed by a full crew of 170, reaching a speed of 9 nautical miles per hour. Today it is on display at Naval Tradition Park in Palaio Faliro near Athens.




MYTHIC ROPES OF THE GREEKS

Rope wasn’t just for ships. It had mythic and legendary value as well. A Greek myth in which cordage plays a prominent part is the tale of Theseus and the Minotaur. King Minos of Crete was said to have a beast—half man and half bull—known as the Minotaur that lived in a maze-like building called the labyrinth. To repay the debt of having killed King Minos’s son, the Athenians had to send seven young men and seven young women every year from Athens to Crete on ships with black sails. In Crete, the Athenian youths were fed to the Minotaur. Prince Theseus, son of King Aegeus of Athens, volunteered to travel to Crete and kill the Minotaur. Slaying the beast was only one of Theseus’s problems, though. He also had to find his way back out of the maze.

One of Minos’s daughters, Ariadne, fell in love with Theseus and handed him a ball of cordage before he entered the labyrinth. He tied off one end of the cord to something just outside the entrance and unwound the twine as he went ever deeper into the twisty corridors. Now his job was easy—just kill the wild, human-eating monster. With the aplomb that only heroes from the Greek myths can muster, he dispatched the beast and then followed his cordage trail to find his way back out of the maze. Theseus sailed back to Athens but forgot to change the sails of the ship to white to indicate that he had succeeded. His father, Aegeus, saw the black sails approaching and, thinking his son was dead, threw himself into the sea in despair. At least the king got the sea named after him—the Aegean.

What do we do if we’re Xerxes the Great, leader of the sprawling Persian Empire, and we want to invade Greece in 480 BCE, but we have to cross the strait that separates Asia from Europe? Today this strait is called the Dardanelles, but in ancient times it was known as the Hellespont.

At its narrowest point, the Hellespont is roughly 1,300 yards wide. It could have been crossed by ferrying the Persian army’s soldiers, horses, and baggage across by ship. But the Persians weren’t generally seagoing types, so Xerxes and his engineers decided the faster approach was to build two pontoon bridges of boats lined up gunwale to gunwale with a wooden roadway built across them. These bridges allowed his army and its supply train to cross in tandem.

To hold these twin floating bridges in place, massive ropes were constructed from the fibers of papyrus and white flax. Herodotus wrote about Xerxes’s crossing of the Hellespont and claims that these ropes were up to 11 inches in diameter and made in one continuous length. Modern historians have discounted Herodotus’s claims as the resulting ropes would not only have been extremely heavy but thick and hard to handle. While there is some question how heavy-duty these ropes were, nearly all writers on the subject accept that Xerxes did have the bridges built. After several naval and land-battle victories by the Greeks, Xerxes’s invasion failed, and the great king was forced to retreat across the Hellespont. There’s no record of what happened to those fabulous flaxen bridge ropes.

One hundred and forty-six years later, in 334 BCE, the young king Alexander III (before he was “the Great” in anybody’s mind except maybe his own) of Macedon stood in a boat on the Hellespont and threw a spear toward the Asian shore of Anatolia. When the spear struck and stayed in the soil, Alexander took it as proof that the gods smiled upon his efforts. (Seems like a pretty easy way to get the gods on his side!) He crossed the waterway with forty-eight thousand infantry and more than six thousand cavalry and proceeded to conquer the Persian Empire. His route eastward through modern-day Türkiye brought him victory after victory until he reached the city of Gordion, well into the Persian Empire. The city surrendered to him (he was probably Alexander the Great by then) and inside the royal palace he found the famous Gordian knot. It was a length of rope tied in a complex knot that joined together two parts of a ceremonial oxcart (or chariot, for a more picturesque story). The legend surrounding this knot was that whoever could untie it would be king of Asia.

Alexander is said to have attempted to solve the knot by the traditional method of unraveling it. As with any complex knot that we’ve never seen before, untying it can be a frustrating and time-consuming operation. And Alexander was nothing if not a young man in a hurry. Rather than fumble through the process, he drew his sword and sliced the Gordian knot in two. Apparently, Alexander decided that the goal was to eliminate the knot’s effectiveness, and no one ever said he couldn’t just cut it. Alexander went to burnish his name by defeating the Persian emperor and conquering everything before him to the very banks of the Indus River at the western edge of India. So, not quite king of all Asia, but close enough to make the prophecy seem fulfilled.

In a larger sense, the term “cutting the Gordian knot” has evolved to mean something deeper than merely dipping your toes in the Indus after conquering Asia. It suggests looking at a difficult problem in a new way and using an unconventional approach to find a solution.




ROMAN SHIPS AND KNOTS

Like the nineteenth-century British and Americans who brought ancient Egyptian obelisks to their countries, the Roman Empire seemed equally obsessed with the Egyptian stone needles. The emperor Caligula had an obelisk of the pharaoh Mencares from 1835 BCE brought to Rome in 37 CE. It was transported on a tremendous ship, reportedly weighing 1,300 tons. The Egyptians had moved these great stone obelisks on the Nile using barges. There is a tomb carving of an Egyptian barge built to move two obelisks from their Aswan quarry upriver to their final location in lower Egypt. This carving shows a vessel that has five anti-hogging ropes to prevent its ends from sagging. We can imagine that the Roman vessel to transport Mencares’s obelisk to Rome had several thick anti-hogging cables as well.

Caligula’s Roman obelisk ship crossed the Mediterranean to the Roman port of Ostia, where the 500-ton obelisk was transferred (we don’t know quite how) to a barge and pulled along the Tiber River to the imperial capital using ropes from both riverbanks. While the Egyptians likely erected their obelisks using earthen ramps and caches of sand designed to drain away, the Romans were more mechanically minded and used cranes and ropes and pulley wheels to haul the stone upright to its full 130-foot height.

The brawny ship was later used by the emperor Claudius, Caligula’s successor, in the building of a new, larger port to serve the capital. The ship was partially sunk and then filled with concrete to form an anchor section of the new port’s breakwater.

Maritime ropes from the Roman era even make an appearance in the Bible. In chapter 27 of the book of Acts there is an adventure-laden account of St. Paul going to Rome as a prisoner aboard a ship. The vessel ran into a powerful storm and struggled in the waves. As the storm howled, the sailors tossed much of the cargo and the ship’s equipment over the side. Still, it seemed the hull might break up.

The crew saved the ship (and the Apostle Paul) by guiding ropes around the outside of the hull and tightening them to hold the planks in place. How they managed this feat during a storm is not recorded. It’s possible the sailors slipped a rope under the bow and then a party of sailors on the port side and a party on the starboard side walked the rope backward toward the stern, letting out just enough slack as they went so the rope stayed tight along the hull. While these efforts kept the ship in one piece through the storm, eventually the ship ran aground on the island of Malta and was wrecked. According to Acts, St. Paul had guaranteed the crew their safety, and all the crewmen were saved—some by swimming ashore; the rest, by floating as best they could on the ship’s shattered planks.



BY SAIL AND OAR

The Greeks and Romans had the advantage of an enclosed sea in which to do their voyaging. While the Mediterranean could be swept by storms, it was, in general, an easy body of water. The Norse seafarers of the early Middle Ages had no such enclosed sunny sea. They faced the cold, challenging environment of the North Atlantic.

Norse peoples took the same approach to rope for their ships and their everyday life as the peoples of the Mediterranean and the Pacific: they used fibers from their local environment to twist into rope. There was no papyrus plant or halfa grass to press into service. The Norse turned to fibers from nettles, milkweed, pine bark, heather, animal hide, and hair.

The animals they used for hide were land animals like deer, elk, cattle, and oxen. As superb seafarers, they also were familiar with seals and walruses, and they used the skins of these animals cut into strips and twisted together. Norse walrus- and seal-hide rope was highly prized for its strength and abrasion resistance. It was used on Norse ships for halyards, shrouds, and stays.

Animal hair was also twisted into rope; ropes were made of cow tail hair, pig bristle, sheep’s wool, and horsehair. The hair of horses was favored for use aboard ship because it didn’t freeze easily.

Most of the rope used aboard Norse vessels and in their everyday lives, however, was made of something called bast, a material that came primarily from the lime tree. This isn’t the citrus tree that produces green fruit, wedges of which can be found floating in mixed drinks. This lime refers to a northern tree of the genus tilia. Lime in English comes from the Germanic root linde. And from that we can see that the tree is also called a linden. In North America, species of this genus are also called basswood. According to archaeologists and historians, the Norse didn’t use hemp as a fiber for rope. Lime bast was their fiber source of choice.

To make this very capable rope, we need to strip hefty lengths of bark off a tree in springtime or early summer when the tree is growing. We’ll get a length of material that’s made of several layers and different types of plant cells. The outer opaque bark will be included, but we’ll also get strands of a fibrous material just under the bark. These strands are made up of what botanists call sclerenchyma, or bast fibers (the name bast possibly comes from Proto-Indo-European bask, meaning bundle). The bast fibers are the source material for making dependable twisted-strand rope.

Before we can use these fibers to make rope, we have to process them a bit. The bast fibers are attached to the outer bark. And mixed in with them can be cells called phloem, from an area closer to the inner structure of the tree. So, after we strip away the bark from the lime tree, we need to separate the bast fibers from the outer bark and any phloem cells.

The way to do this is via a process called retting. We soak the strips of bark in water for a month or two. Bacteria in the water set to work on the bark strips, and a type of rotting takes place and the bark delaminates. When the inner layers of bast are ready, they can be peeled away from the outer bark. These strips and ribbons of bast are then dried. Once dry and split into roughly equal widths, they are ready for the labor-intensive process of twisting into rope. The fibers of lime bast aren’t as strong as hemp fibers, but for northern peoples like the Norse, they were readily available.

Bast rope made its way onto Norse ships, both the longships, which were raiding and military vessels, and the cargo-carrying knarr, which were wider of beam and designed to maximize carrying capacity. The rope was used to raise and control the sail and was also used in lashing the strakes (planks) below the waterline to the frames, similar to the Egyptian method.18

As seafarers the Norse were fearless and pushed across the North Sea to raid and plunder Britain and Ireland in the eighth century CE. When Norse raiders departed Scandinavia, they were said to “go a Viking,” which meant raiding and plundering (there is little evidence they did so wearing horned helmets). The Norse raiders also headed east and traveled the rivers of Russia south to the Black Sea and also into the Mediterranean.

It was the exploration to the west, however, that has given the Norse their reputation as courageous seafarers. Norse explorers and settlers landed in Iceland in the ninth century CE.19 Exactly why they thought there was land available to settle to the west is not precisely known. The distance from the Faroe Islands to Iceland is approximately 350 miles over open ocean. This is nearly a foolhardy voyage to make in a Norse longship. The reason is simple enough: the tenuous buoyancy of an open, deckless ship. Steel, for example, is not a buoyant material like wood, but a steel ship can stay afloat by enclosing a volume of air with its hull and deck. As long as we keep the water out and maintain that volume of air, the steel ship will remain buoyant and float.

Norse longships were made of wood, which tends to float. But since the longship was loaded down with the weight of its crew, supplies, weapons, and the rocks in the bilge used as ballast, the buoyancy of wood alone was not sufficient to keep a Norse longship afloat if the vessel filled with water. Without a deck to shed water, a large wave breaking into a longship could fill it with tons of seawater, and the Norse crew could be in big trouble. It’s likely many swamped longships quickly slipped under the waves and sank.

Since the Norse used rope in a similar fashion to other peoples by lashing together some of the hull planks with rope, their longships did have a degree of flexibility to handle rough seas. Rope lashing of hull elements allows the hull to absorb wave impacts. And the hardy, wear-resistant walrus- and seal-hide rope used on board longships must also have aided their ocean-going abilities.

Even with this rope-assisted advantage, making such a voyage in an open ship like a longship was clearly a gamble. Going in summer when the weather was better and just being lucky allowed many of these voyages to succeed. There were also some captains and crews who set out to sail west and were never heard from again.

The voyages to the west didn’t end with Iceland. A disgruntled Norse fellow named Erik the Red, who had been exiled from Iceland by committing murder, sailed to Greenland in the 980s CE. Some fifty years before Erik made his voyage, a Norse voyager with the thoroughly cool Viking name of Gunnbjörn Ulf-Krakason was blown off course while voyaging from Norway to Iceland and is said to be the first to sight islands off the Greenland coast.20

Waldemar Lehn, a professor at the University of Manitoba and an expert in atmospheric effects, claimed that Erik the Red may have sighted Greenland while still far away due to something called a superior mirage, which occurs when layers of the atmosphere at the right density and temperature cause an upside-down mirror image to appear above the horizon.21 This effect is common in the Arctic and is called hillingar in Icelandic. Erik the Red may also have been keyed to the existence of Greenland by something called ice blink, where the glare of an ice field, such as Greenland’s ice cap, reflects off a low gray cloud layer. The dangerous nature of voyaging in Norse ships is pointed up by a Norse saga claiming that of the twenty-five ships that Erik was able to muster for the first wave of colonizing Greenland in 985, only fourteen arrived. The other eleven either turned back to Iceland or were lost at sea.22

Erik’s son Leif Erikson later continued the voyaging to the west and is said to have sailed to Vinland, modern-day Newfoundland. Whether he or other Norse in their ships rigged with lime bast rope and cords of walrus leather continued south to Nova Scotia, Cape Cod, and New York Bay will always be a mystery.

In the next chapter we go from voyages on the ocean to humanity’s attempt to tie the world of heaven to the earth.








STRAND FOUR
[image: ]

A LINE TO THE DIVINE



ON A BUSY DAY IN 43 BCE, the fifteen-year-old Roman patrician Livia Drusilla got ready for her wedding. As a young, upper-class woman of the Roman Republic, Livia would have received many of the same attentions bestowed on modern brides. There was hair and makeup, dress and shoes, and a special belt required. All these were needed to comply with tradition, both to display patrician social graces and to placate the family’s household gods.

By ancient Roman standards, Livia was more than ready for marriage. Some upper-class Roman women were consigned to arranged marriages by the age of twelve. As far as her father was concerned, there were good reasons for him to choose his daughter’s husband wisely. Livia was from a famous Roman patrician clan, the Claudians, and her father was determined to use his daughter’s marriage to further increase the power and wealth of his august family.

Even her father’s name was impressive: Marcus Livius Drusus Claudianus. His Claudian ancestors were reputed to have been around at the very founding of Rome. His most famous forebear, Appius Claudius Caecus, had in 312 BCE ordered the building of a great stone-paved road from Rome southward. This impressive work of civil engineering was named the Via Appia, or the Appian Way, in his honor. The Roman poet Statius dubbed it “the queen of roads.”1

On Livia’s wedding day, maybe the longest effort to get her ready was the attention lavished on her hair. It was parted into six braids called seni crines. And in a nod to Roman society’s warlike ways, this parting of Livia’s hair was done with a spear point, called the hasta caelibaris. The braids were fastened with woolen bands called infulae, and atop them Livia wore a bridal crown, a corona. Covering this whole ensemble on her head was a bright yellow veil with the hot name of flammeum. This splash of color contrasted with Livia’s long white tunic (tunica recta). At her feet the color returned with a pair of yellow shoes, the socci lutea.

Most interesting to the story of rope was the woolen belt Livia wore at her waist. The twisted rope-like ends of wool were tied closed with a Hercules knot, called the nodus Herculeus, named after the demigod Hercules, a son of Jupiter, king of the gods, and a human mother, Alcemene. Given Rome’s widespread use of rope for shipping, engineering projects, agriculture, and many other aspects of life, it makes sense that knots, which are essential when using rope, took on symbolic and religious meanings.

Some historians liken this belt to a symbolic chastity belt since Roman brides of the patrician class were expected to be virgins (unlike their soon-to-be husbands, who were expected to be sexually experienced before marriage, an ancient double standard that didn’t seem incongruous to Romans).

In The Roman Wedding, Karen Klaiber Hersch, professor of Greek and Roman classics at Temple University, quoted the Roman writer Festus about the knot invoking the demigod: “The new husband must untie [the knot] in their bed, suggesting that the belt represents the power of the bride to keep the husband’s love, while the untying of the knot represents a man’s procreative power.… [He] unties the knot for the sake of being ‘as fortunate in producing children as Hercules, who had seventy children.’”2

It’s intriguing that this knot was also mentioned in other Roman writing as a metaphor for a tough problem, a Gordian knot of sorts (Alexander’s blade would have made short work of it). The Hercules knot is what today we call the square knot, or reef knot aboard sailing vessels. According to some sources it was hard to untie, but this seems dubious as the Hercules knot is fairly simple, made from interlocking two loops. The knot is symmetrical, really two half knots equally engaged with each other. As such it’s a fitting metaphor for two people joining into a greater union.

Perhaps the supposed difficulty of untying the knot was something of a Roman joke, as the man already had the wife on the wedding bed and there was no suspense about whether she would accept his attentions. The knot was easily dispensed with and the marriage was consummated on the marriage bed, or lectus genialis. For the bride the whole wedding can be seen as a hostage-taking event, with her as the hostage.3 She was symbolically trussed with a Hercules knot, “stolen” from her father’s possession (part of Roman wedding procedure was for the groom to grab his future wife and take her bodily out into the street), and taken to her new husband’s house, where she then was required to celebrate her wedding.

What was the spiritual significance of the Hercules knot? Were Roman couples calling on the demigod when they employed it as part of the wedding ceremony? When I asked Professor Hersch via email, she offered this thought: “It’s perfectly possible that all couples did think about and honor Hercules to conceive many children, as Festus’ passage seems to suggest. The fact that Pliny [the Elder, in his encyclopedic work, Natural History] says such a knot has the power to heal could certainly suggest that the connection to this strong demigod could help one mend—the knot may have been believed to have real power whether we call it ‘magical’ or ‘medical.’”

For nonpatrician Roman citizens, the Hercules knot was a powerful symbol. Renditions of the knot were used on jewelry and everyday items as a way to invoke the good graces of the mighty demigod.

After the Roman Empire split into western and eastern halves in 395 CE, the western bit suffered from corruption and invasion from nomadic Germanic tribes collectively known as the Goths (this name will come into play below). The western empire collapsed in 476 CE. As we noted in the previous chapter, the eastern half soldiered on, considering itself not “the Eastern Half of the Roman Empire” but simply “the Roman Empire, still in business.”

Since the Byzantines were Romans by another name, they retained many Roman customs and folkways. One of these was the significance of the Hercules knot as a powerful protective symbol: “The ancient symbolism of the Hercules Knot to guard, protect and keep away the evil spirits was never lost in Byzantium.”4



SPIRITUAL KNOTS

With China’s civilization dating back thousands of years, it makes sense that many examples of its extensive knot culture had spiritual or religious significance. This type of knotting folk culture is called zhongguo jie. Chinese decorative knotting richly developed over the centuries with many highly intricate knots used for decorative purposes. “A magnificent array of complex knots ornamented everything from wind chimes to palace lanterns, sword hilts to teapots, fan tassels to hair pins, and peasant coats to empress’s hair.”5

In Chinese Buddhism, the Bodhisattva Guanyin is sometimes portrayed with the good luck knot. A statute of the bodhisattva from the Sui Dynasty (581–618 CE) shows her wearing a Buddha knot, which symbolizes the Buddha’s heart and good virtue—exactly what we’d expect from someone who has attained the level of a bodhisattva (one who can enter the next level but chooses to stay behind on the human plane and help others attain enlightenment). Another spiritual knot was the Pan Chang knot, also called the endless knot or the mystic knot. The seemingly never-ending series of turns that make up the body of the knot signify the endless cycle of birth and rebirth in Buddhist thought.

The endless knot was also important as a religious symbol in India. The god Vishnu is sometimes depicted with an endless knot on his chest. The knot is an important symbol in the religions of Buddhism, Hinduism, and Jainism, symbolizing the ultimate unity of all things.

Solomon’s knot is a simple four-way connection often associated with Judaism and the traditional wisdom of King Solomon. According to mathematical knot theory, Solomon’s knot is not a knot but something called a link. A link is a group of knots that do not intersect but are linked together. Solomon’s knot is two oblong rings that are threaded through each other. If this makes no sense, don’t worry, knot theory can get a bit nutty. For example, in the land of knot theory there is a type of knot called the trivial knot. It is a continuous circle of rope with no beginning or end. Not something most people would call a knot at all. In fact, the trivial knot has another knot theory name that seems more fitting: the not knot.

A complex knot similar to the endless knot found in Indian and Chinese culture, and which is said to have spiritual overtones, is the Irish dara knot. The name derives from the Irish Gaelic word doire for oak tree, as the knot symbolizes the intertwined roots and strength of an oak tree. The dara knot is supposed to provide inner strength and even transformation.

Another frequently seen Irish knot with spiritual overtones is the triquetra or trefoil. This three-lobed Celtic symbol was used by early Christian missionaries to Ireland to help explain the concept of the Christian Trinity of Father, Son, and Holy Spirit. Going back to mathematical knot theory, the trefoil has the distinction of being the simplest example of a nontrivial knot. That is to say, the simplest example of not a not knot.

When it comes to rope and the connection to marriage and spirituality, there’s the ritual of handfasting, which was employed historically and still today. The ritual involves the betrothed couple joining hands and then their union is symbolized by binding the hands together with rope or cord. While this symbolic act of union was widely used by many cultures, its employment by the Celts led to its continued use by Irish and Scottish people. Modern day neopagans employ handfasting in marriage ceremonies as an example of pre-Christian rituals from the folk religions of premodern peoples of Europe.

The continued use of handfasting in Scotland led to an intriguing connection with Scottish marriage law in the eighteenth century. Clandestine marriages had been contracted throughout the British Isles since the Middle Ages. By the eighteenth century, such a marriage called for little more than a witness as the two participants stated their intentions of marriage. As a popular folk custom, handfasting was likely an element as well.

In England a great many of these clandestine marriages took place in London at the notorious Fleet Prison. Imprisoned Anglican ministers and some men who dubiously claimed they were Church of England ministers conducted marriages in the prison. This form of quick marriage became so well known that a similar group of self-proclaimed ministers set up shop just outside the prison in storefront wedding “chapels” that would have been right at home in modern-day Las Vegas. An account from 1793 described the colorful environs of the prison: “Along this most lawless space was hung up the frequent sign of a male and female hand conjoined, with, Marriages performed within, written beneath. A dirty fellow invited you in. The parson was seen walking before his shop; a squalid profligate figure, clad in a tattered plaid night gown, with a fiery face, and ready to couple you for a dram of gin, or roll of tobacco.”6

There was a lively scene of clandestine marriages in the prison and general lawlessness in the surrounding area, which was said to operate under “The Rules of the Fleet.” To require that marriages conform more closely to the rules of the Church of England, Parliament in 1753 passed the Clandestine Marriage Act. The new law tightened up on marriage, but only in England and Wales. In Scotland, which had long allowed boys of fourteen and girls as young as age twelve to marry, the law had no effect; Scottish law still allowed irregular marriage, which meant anyone could officiate a marriage. So clandestine marriage was still on the table for any couple that could make it across the border into Scotland.

In the 1770s a newly completed turnpike passed through the tiny Scottish hamlet of Gretna Green, close to the English border, and it rapidly became a hotbed of quickie marriages. These were conducted not by questionable ministers like at Fleet Prison but most often by village blacksmiths. The ceremonies were officiated by these so-called anvil priests.

Jane Austen even referenced Gretna Green in Pride and Prejudice as the place to go for quick nuptials. In the novel, Lydia Bennet writes, “My dear Harriet, you will laugh when you know where I am gone, and I cannot help laughing myself at your surprise to-morrow morning, as soon as I am missed. I am going to Gretna Green…”7

According to many modern marriage websites, the process of handfasting during weddings has seen a resurgence of popularity, not as part of clandestine marriage, but undertaken as a symbolic ritual of union, promoted by wedding planners as a way to add another facet to nonreligious civil ceremonies.



DARK MAGIC KNOTS

Then there is the sinister side of twisted rope, the so-called magical knot. In Europe, folk belief held that the winds could be controlled with knotted cords. These “wind knots” appear in Homer’s Odyssey in the form of a knotted silver cord that holds shut the bag of winds that Aeolus, the god of the winds, gives to Ulysses. And in the 300s CE in the Byzantine Empire, “a man by the name of Sopater was put to death in Constantinople ‘on the charge of binding the winds by magic.’”8

A Norse story speaks of the blacksmith Volundr storing wind knots. “A long rope of bast hung there, with knots in it at regular intervals. In each and every knot a storm wind was bound. Each week he untied a knot and freed the wind that was bound in it, and sent it south with his mad song, charged with clouds and hail.”9

This idea of controlling the wind by knotted rope was said to have been a business of so-called witches in Northern Europe in the Middle Ages and later. They were reputed to have sold mariners these knotted cords so the sailors could untie a knot or two to bring on wind when becalmed. Though branded as witches, they were likely only entrepreneurial women making some coin off sailors’ well-known superstitions. Shakespeare writes of this idea of witches’ wind knots in Macbeth. The Scottish usurper meets the play’s three witches in a cavern and demands they tell him of his fate, even if it means they’ll loosen their storm knots and wreak havoc on land and sea:


However you come to know it, answer me:

Though you untie the winds and let them fight

Against the churches; though the yeasty waves

Confound and swallow navigation up.



This magical knot mania continued into the eighteenth century. In 1705 two Scots, George and Lachlan Ratray, were put on trial for bewitching a man named Spaulding. They reportedly ruined the poor fellow’s marriage using magic knots. The brothers were sentenced to death.

In France in 1718, the Parlement of Bordeaux (a provincial appellate court) ruled that, for bewitching an entire family using knots, the guilty party was sentenced to be burned alive.10 One wonders, again, if this was a woman who was falsely accused of witchcraft for personal reasons or in an effort to steal the woman’s land or goods.



REACHING TOWARD HEAVEN

Beyond the religious or spiritual significance of knots, what role did rope play in the building of great houses of worship? Could the soaring Gothic cathedrals of Europe from the Middle Ages, for example, have risen to their staggering heights without the aid of rope? Okay, that question is a bit of a straw man—anyone reading this book will know the answer. Rope and ropemakers were so important to the building of Christian cathedrals they even had their own patron saints: St. Catherine of Alexandria and St. Andrew the Apostle.

Looking at the question philosophically, rope used to build cathedrals and temples and mosques or any house of worship takes on another meaning, more than merely the practical aspect of helping to raise such a structure. Rope suggests the idea of divinity acting in the world. A rope allows us to undertake action at a distance: far above us or far below. We can stand on the ground and raise a sacred symbol hundreds of feet to the highest point of the building.

Effecting action at a distance speaks even to nonreligious people who hold science as the highest value. The quantum effect of entanglement, where two particles instantly affect each other, even when separate in space, was termed by Einstein as “spooky action at a distance.”11

Affecting matter at a distance is a major consideration with Europe’s Gothic cathedrals because the prime aim of these buildings was to build high. The intent of Gothic architecture was to break free from the stolid round arches, barrel vaults, thick walls, and small windows of the previously dominant Romanesque style that produced buildings that favored the squat and dark. The Gothic style, which developed slowly and then exploded across Europe, worked toward something different. It evolved toward towering churches, airy and filled with light—built to evoke a sense of a heavenly space on earth.

These ethereal traceries of stone rose in great numbers, especially in northern France and England. As Jean Gimpel wrote in The Cathedral Builders, “In three centuries—from 1050 to 1350—several million tons of stone were quarried in France for the building of 80 cathedrals, 500 large churches and some tens of thousands of parish churches. More stones were excavated in France during these three centuries than at any time in Ancient Egypt.… The foundations of the cathedrals are laid as deep as 10 meters [33 feet] (the average depth of a Paris underground station) and in some cases there is as much stone below ground as can be seen above.”12

One of the most impressive aspects of this wave of cathedral building was the unsophisticated nature of building technology and the difficulty of life in general during the Middle Ages. Yet the imperative for piling up stone swept all obstacles away. Robert Scott addresses this societal mania in The Gothic Enterprise: “Technology in the twelfth to sixteenth centuries was rudimentary, famine and disease were rampant, the climate was often harsh, and communal life was unstable and incessantly violent. Yet communities with only a meager standard of living managed to make the immense investment of capital demanded by the construction of these great edifices. They mobilized the spiritual and civic determination needed to sustain building projects that sometimes spanned centuries. And they created buildings whose exquisite beauty continues to amaze us today.”13

The master masons who were the originators of this new style were seemingly too busy building to put forward a name for it. The name Gothic was supplied by the style’s critics. Italian writers and commenters in the Renaissance, who championed classical styles based on Greek and Roman structures, were eager to belittle the great building effort of the Middle Ages. They wrote that while Renaissance architecture in Italy had the bloodlines of two great previous civilizations supporting its stylistic choices, the medieval cathedrals were devised by the descendants of primitive Germanic tribes—the same rude barbarians who had brought down the western Roman Empire. Writers like Giorgio Vasari, a sixteenth-century Florentine artist and art historian, labeled the forme ogivale (“pointed style”) as Gothic as a way to diminish it.14 It seems even the Renaissance, that great rebirth of science and culture, was propelled not only by noble impulses but also sharp-tongued propagandists.

While no architect today would proceed with a project without first exhaustively drawing every aspect of it in a CAD program, the Gothic master masons were usually not draftsmen. In lieu of ink on parchment, many of the masons constructed models of the cathedrals they planned to build. These practical models allowed them to solve problems with the building process beforehand and get a solid sense of how to proceed. Scott wrote, “the design of every aspect and detail seems unquestionably to have been worked out almost exclusively in terms of three-dimensional models of all sorts, both for the details and the ensembles.”15

For example, when Hugh Herland, master carpenter to the English king Richard II, was designing Westminster Hall’s new roof in 1393, he had so many models it became something of an issue when “his innumerable models … occupied so much space that rooms in the King’s palace had to be reserved for them.”16

Unfortunately, almost none of the construction models from this era have survived. Many models were undoubtedly destroyed by their builders because the master masons were keen to keep their skills secret as a hedge toward future employment. Others may have been tossed on the rubbish pile when the Renaissance swept into northern countries and the Gothic style was considered old hat and uncool.

One of the few remaining models is from the Church of St. Maclou in Rouen in northern France. This church, built in the late Gothic period, was started in 1436 and completed by 1521. Since it’s “recent” compared to many others of the style, perhaps that explains why the model is still with us.



SCAFFOLDS AND CRANES

Rope was essential for many tasks in Gothic cathedral construction, but two uses stand out: lashing and lifting.

If we’re building a stone wall only as high as our head, then the logistics are easy. We stand on the ground and lift each stone into place. Once we go higher than we can reach, however, we need a place to stand to keep going up. For the cathedral builders this meant wooden scaffolds. The scaffolding was composed of round poles, usually the trunks of small alder or fir trees shorn of their branches. The builders needed to purchase large numbers of these poles to do the work, and they were as important a building material as the stones or the mortar to cement the stones together.

We might imagine a Gothic cathedral under construction as being completely encased in a cocoon of scaffolding that all but obscures the work from view. For a variety of reasons, though, this was not the case. The scaffolding was only set up to build a section at a time. As a result, it was always being taken apart, moved, and reconfigured. And while it would have been possible to use nails to fasten the scaffold poles together, nails were not used, both because they were expensive and because nailing the poles then extracting the nails before reassembling the poles and renailing them would have damaged the wood as the process was repeated. The builders had a better way to build scaffolds that allowed for the poles, called “standards,” to be used for six to ten years.17

The poles were lashed together with rope—much like the way voyaging canoes of the Polynesians were tied together with coconut-fiber cordage. In the case of cathedral scaffolding, the rope was most likely made from lime bast. L. F. Salzman detailed this in his encyclopedic effort Building in England Down to 1540, in which he researched building contracts from the Middle Ages: “The logs composing the scaffold frame were lashed together with either ropes or withies. The ropes were usually made of bast, or similar fibre. At Calais in 1441 there is mention of ‘cords called bastropps used for binding the masons’ scaffolds at the Develstour,’ and also of cords called ‘double bastroppes.’”18

After tying the poles together, the lashings were further tightened by driving wooden wedges into them. The result was a scaffold structure as tight and rigid as if nailed or bolted together—with the added benefit that the entire lash-up could be untied, disassembled, moved, and then rebuilt in a different arrangement depending on the next section to be constructed.

When the first story of the cathedral, the main arcade, was being built, the vertical scaffold poles rested on the cathedral’s stone floor. Again, the entire floor wasn’t covered, only a section of it. As the workers moved up to build the second story (the triforium) and the third level (the clerestory), it would be expensive in numbers and lengths of poles to continue running the scaffolding to the floor. To save the expense of all that alder wood, once the first story was built, the scaffolds were hung on the stone structure as it rose. Diagonal poles carried the weight of the scaffolds down onto the walls. And as the masons built the walls they left holes at regular intervals. Into these holes were inserted “putlogs” or extensions of the scaffold structure that helped carry the weight of the scaffold as it hung on the walls.

The suspension of the scaffolds on the rising walls was also necessary because it opened up the floor of the building cathedral for other uses. This was important as many of the cathedrals replaced existing churches, and the priests and congregation needed a space to continue regular services. Plus, these immense spaces also provided a venue for guilds and civic groups to meet. At old St. Paul’s Cathedral in London this included even horse fairs held inside the building. Presumably a cleanup crew was on hand to pick up what the horses put down. Some members of the London community chafed at this equine event and “in 1236 a royal mandate was issued from Henry III commanding the removal of the fair to some open place.”19

While modern workers stand on wooden planks or sheets of plywood when working on a scaffold, the workers of the Middle Ages did not. Before the age of the industrial sawmill, making a squared plank was an expensive and labor-intensive task. Instead, workers used wickerwork flats called hurdles that spanned the horizontal poles, called ledgers, of the scaffold. These hurdles were built by intertwining thin branches, often withies from willow trees. The flexible withies were led over and under a series of wooden rods producing a wickerlike panel.20

The hurdles provided a platform on which to stand in lieu of planks. They could be easily moved to allow workers to focus on another section of the wall. Since the hurdles were moveable and might slip sideways and no longer be fully supported by a ledger, rope came into play to secure the hurdles to the ledger poles. Hurdles were also used in agriculture. When we combine a series of hurdles we get a fence, and we can set them up in a closed loop to corral animals. They were also used as barriers in the sport of horse jumping and later in human jumping. The high hurdles used in track events worldwide can trace their lineage back to the great Gothic cathedrals.

Rope was also used to lash together wooden building forms called falsework, or centering. Centerings were used to build the groined vaults of stone that formed the interior ceiling of the cathedral. With the centering set up and acting as a support, the stones that made up the arched vaults could be mortared into place. Once the mortar was fully set, a process that could take several years, the centering forms were removed.

All this centering formwork and stone vault construction took place once the walls of the third level, or clerestory, were completed. This was when the stonework had reached its highest point (except for the cathedral’s towers). As progressively bigger and taller cathedrals were conceived and built, the highest point of the vaults above the floor moved steadily upward.

One of the earliest French Gothic cathedrals was started at Sens and has a vaulted height of 80 feet. Notre Dame in Paris (started in 1163 CE) reaches to 108 feet; Chartres (1193 CE), 121 feet; Reims (1212 CE), 124 feet; Amiens (1220 CE), 138 feet; and Beauvais (1230 CE) achieves a vaulted height of 157 feet.21 With no OSHA standards in place, a single misstep and a worker would have plummeted to a messy death.

These heights and the lack of scaffolding that reached from the ground to the top of the structure meant that the builders needed a way to get stone and mortar up to where the work was being performed. They also needed a way to raise the centering forms, which were constructed on the ground, up to the highest level of the cathedral. To do this, they relied on rope and basic lifting devices used by the Greeks and the Romans. Rope, ingenuity, and muscle power had solved the problem of lifting loads long before the Middle Ages.

One of the earliest lifting cranes is the shaduf, which is depicted in Egyptian wall paintings from 1300 BCE. Primarily used for lifting water, a shaduf is a lever arm device consisting of a pole mounted on a vertical stake. One end of the pole is weighted, while the other end has a bucket hanging from a rope.

The first lifting cranes used a single heavy wooden beam or two beams lashed together into an A-frame and supported by rope stays. A lifting rope passed through a pulley at the top and then down to a wooden take-up spindle. To get more muscle power for turning the spindle and lifting the weight, a series of handles were attached in a circle around one or both ends of the take-up spindle. Now two or more people could work together to use the handles to turn the spindle. This multihandled device is called a windlass, and such machines were widely used for building in the ancient world. The Greeks further improved the concept by adding multiple pulleys that increased the mechanical advantage and allowed even heavier bits to be hauled skyward: “Lifting devices were classified according to the type of rope guidance used, in other words according to the system of rollers and pulleys involved, and the arrangement of the ropes. The three-roped ‘Trispastos,’ therefore, operated with two upper and one lower pulley, the ‘Pentapastos’ had five rope runs and the ‘Polypastos’ had multiple rope runs.”22

Sometimes, however, the weight that needed lifting was too heavy for a windlass. In those cases, the ancients went all hamster on the problem.



TREADWHEELS

A windlass only took advantage of human arm power, but the ancients realized that leg power was much stronger. So, they made a big wooden wheel and put a man inside. The device was called a treadwheel. All the worker had to do was walk and the large wheel would turn the take-up spindle, which pulled on the lifting rope and thus lifted the object.

As they did in many areas, the Romans took Greek ideas of building and supersized them. They added a second treadwheel to increase the lifting power of a crane and sometimes built big wheels up to 21 feet in diameter that were operated with multiple men inside. The tomb of the Haterii in Rome was primarily to honor the freedwoman and priestess Hateria, but it also was the tomb of her husband, Quintus Haterius, a master builder. One of the marble relief sculptures in the tomb shows a large treadwheel crane with five men operating it.

From the time of the Greeks and Romans all the way into the Middle Ages, windlasses and treadwheel cranes didn’t evolve much. Quintus Haterius would have recognized the cranes employed to build the Gothic cathedrals in France. Like their Roman antecedents, the treadwheel cranes used in the Gothic era had no braking mechanism to prevent the wheel from running backward. But the use of natural-fiber rope like bast and hemp helped provide enough friction so that their walkers could generally keep the wheel under control.

These cranes were used to lift stones for the building of cathedral walls and the spectacular flying buttresses that supported the walls. But their most important function took place after the walls and buttresses were in place.

Once the walls reached their highest point, treadwheels on the floor of the cathedral, or even mounted on the walls, were employed to haul the large wooden roof beams to the top of the structure, most likely by running the lifting rope up to the highest point of the scaffolding and reeving it through a block before leading it back down to the floor, where it was attached to the beam. Once these beams were hauled up into place spanning the walls, the structure had greater stability, and the roof area could support substantial weight.

At this point a large treadwheel crane was disassembled and brought up into the roof space and then reassembled in place. This treadwheel unit had the vital job of raising the wooden centering forms up into position. Once these were situated, the crane used its lifting rope to bring up the stones that were then mortared into place to form the groined vaulted ceilings of the cathedral.

Many of the cathedrals from the Middle Ages still have treadwheels in the roof spaces. The builders often left the treadwheel behind since they expected some repair would be needed for the cathedral’s upper levels over time and the treadwheels were the perfect way to raise these materials. The cathedrals at Salisbury and Strasbourg and the abbey at Mont-Saint-Michel, among others, still have their treadwheels. The treadwheel at Canterbury Cathedral in the Bell Harry Tower was used to lift repair materials as recently as the 1970s.23

When I spoke to Joel Hopkinson, who is head of estates and fabric at Canterbury Cathedral, he pointed out that the treadwheel in the tower at Canterbury is something of a ship of Theseus. This is the idea that if a wooden ship is maintained for a long period, it will need various parts replaced as they rot, until over time the entire ship has been renewed. This raises the question: Is it the same ship? Philosophers have pondered this question and devised many answers. The USS Constitution in Boston is an American example of a ship of Theseus. It carries the same name as the original 1797 frigate, but all its timbers have been replaced in more than two centuries of maintenance, repairs, and overhauls.

According to Hopkinson, the Canterbury treadwheel has similarly been slowly changed as parts were repaired or replaced. “The one that’s presently there is not the original sixteenth century version,” Hopkinson said. “It’s a Victorian remake of what was there. We would be installing a mechanical hoist if we had to do work up there.” Even though this double-treadwheel crane will never lift building materials again and is not accessible by the public, it has remained in place for the practical reason that to remove it would be an expensive operation. “It would have to be broken down into its component parts and shipped down bit by bit,” Hopkinson said. “And it would take, say, two people a couple of weeks to get it down.”

While treadwheel cranes remain in some European cathedrals, they are obviously no longer used. There is, however, a site in France that uses treadwheel cranes every day during its building season. Castle Guédelon near Treigny in northern Burgundy is a modern effort to build an authentic thirteenth-century castle using materials and methods as close to the originals as possible. Conceived by a castle fan named Michel Guyot, building began in 1997 and has continued every year since, with a projected ten more years before the project is complete.

Guédelon spokesperson Sarah Preston said on a video call that the building team demonstrates the process of making natural-fiber rope on site for visitors. She also confirmed that rope was an indispensable tool when building in the Middle Ages. “What our work does confirm is that just as in the thirteenth century, rope is extremely important on the site,” Preston said. “We just couldn’t operate without it.”

There are two treadwheel cranes at Guédelon: a single-wheel crane operated by one person that can lift a maximum of 250 kilos (550 pounds), and a two-wheeler. “We can hoist up to 500 kilos [1,100 pounds] because there are two people walking at once,” Preston explained. “Another advantage [of the two-wheeler] is that it has slewing action, so it’s possible to pivot the machine through 360 degrees. So that makes it much easier to bring stones up and choose where we’re going to place them on the wall. Without those particular examples of lifting machinery, we’d be obliged to take every load of stone up on our backs, climbing up ladders.”

There are two anachronisms involved with the treadwheels at Guédelon, however. While treadwheels in the Middle Ages didn’t have brakes for stopping the wheel should it get out of control (pity the poor walkers inside!), modern health and safety requirements mandate that brakes be fitted to each crane. And even though they do manufacture natural-fiber rope from flax and hemp at the site, the cranes don’t use it. The builders are required by authorities to employ modern synthetic rope, which has a much higher safe-working load.

Initially, the builders at Guédelon also used traditional lashed scaffolding. But as the walls grew higher, they reverted to modern nut and bolt fasteners for holding the scaffolding elements together, again for greater safety. “As we like to say,” Preston noted, “we are not here to test how many people were killed or injured in any one day.”



LOWERING AND RAISING

As we found out in a previous chapter, the Roman emperor Caligula had a 344-ton granite obelisk brought from Egypt to Rome in 37 CE. In 1586, Pope Sixtus V engaged the architect-engineer Domenico Fontana to move the 84-foot-tall obelisk 841 feet from where it originally stood in the Roman Circus of Nero to a position in the middle of St. Peter’s Square in Vatican City. The stone column, which had originally been built to worship Egyptian gods, was now being repurposed as an exclamation point for St. Peter’s Basilica.

First Fontana had to lower the massive stone onto a huge platform that sat on top of rollers to move it to the new location. For the lowering operation he used a gigantic gantry crane nearly 90 feet high with four heavy-duty A-frames all connected into one structure with cross bracing. Forty lifting winches, each equipped with 730-foot-long ropes of nearly 3 inches in diameter, were driven by both treadwheels and teams of horses. In all, 907 men and 75 horses were used to lower the obelisk.24

It required Fontana and his workers nearly six months to move the huge gantry crane and reassemble it in place to lift the obelisk back to a vertical position. This time, 800 men and 140 horses were employed. Fontana had given strict orders that no one was to speak during the lowering or the lifting operation (there is even a suggestion that to do so would have brought a penalty of death). The start of both procedures was indicated by the blowing of a trumpet and ended by the ringing of a bell. The only voice that interrupted the creak of the wooden gantry as it took on the weight of the obelisk was from a worker crying out “Aqua alle fumi!” He had spotted one of the ropes starting to heat up and smoke under the strain and called for it to be doused with water.25 Fontana’s forty-rope gantry worked so well that within three years, two more obelisks were moved in Rome.26

The use of rope for lashing together scaffolds, raising obelisks, and lifting building materials up into a structure under construction wasn’t unique to Gothic cathedrals. Similar techniques were used to raise many buildings around the world like mosques and Buddhist and Hindu temples, among others.

The Sultan Hasan mosque and madrasa (a place of learning) was built in Cairo between 1356 and 1363 CE. It was commissioned by Sultan al-Nasir Hasan during the Mamluk period in Egypt. The sultan wished to build the tallest structure in the world. As noted in H. A. R. Gibb’s Encyclopedia of Islam, “It is said that when al-Malik al-Nasir Hasan ordered its building, he sent for all the muhandisin [engineers] from around the world and ordered them to construct a madrasa greater than which has ever been built on the face of the earth. He asked them which was the tallest building on the world; he was told Iwan Kisra Anushirwan [an arched vaulted structure built in 540 CE in Iraq at the former capital of the Sassanid Empire], so he ordered it to be measured and recorded, and the madrasa to be built ten cubits (dhira) higher.”27

Even though the plague of the Black Death was cutting a wide swath through the people of Cairo at the time, the mosque and madrasa were built quickly. Maybe one reason for its rapid construction is connected to Egyptian pyramids. The white limestone capstones of the Great Pyramid were reportedly used as a quarry. The stones were taken down from the Great Pyramid, dragged across the Giza Plain, barged across the Nile, and then dragged again to the mosque building site.

As we can see from the building of churches and mosques, rope was a key element in the spiritual life of many cultures, both for the mystical nature with which knots imbued it, and for its role in constructing the world’s great houses of worship. Next, we’ll look at how rope was pressed into service to save information and tell the story of an empire.








STRAND FIVE
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GETTING THE MESSAGE



IN 2017 A HARVARD FRESHMAN from Los Angeles named Manny Medrano was fairly certain about his direction in life. “I entered college thinking I was going to do economics,” Medrano said during a FaceTime interview, “and do a life in business and things like that.” An ancient Andean system of knotted rope, however, unexpectedly pulled him off that path.

To fulfill a humanities requirement during his freshman year, Medrano registered for a survey class on the Inca Empire. He enjoyed the course and learning about the Inca, but one particular session stood out. That lecture focused on the Inca’s nonwritten method for keeping records. Instead of paper and ink, the Inca used intricate assemblages of twisted cords they called khipu (in Peru’s Quechua language, khipu translates as “knot”). Khipu were composed of a horizontal cord to which numerous cords were tied and hung vertically from the main cord. The vertical cords were the heart of this data-recording device. Each cord carried information encoded onto it using a variety of characteristics, including the material from which it was made, the color of the cord, and also the number, type, and position of knots tied onto it.

Medrano, who had never heard of khipu, was intrigued. Medrano’s professor explained that no comprehensive translation of khipu existed; that the exact meaning of the various characteristics of a khipu was not fully understood to scientists. He then talked about a set of six khipu that were known to have come from settlements near San Pedro de Corongo in the Santa River Valley in Peru. And he further explained that there was a Spanish colonial document, a 1670 administrative revista,1 from that valley that experts believed was written at about the same time the khipu were knotted. No researcher had yet attempted to correlate these two sources to see if the colonial document matched the data encoded on the khipu. If such a correlation could be established, it wouldn’t unlock the meaning of all surviving Inca khipu, but it would be a significant step in that direction.

When the class ended, Medrano, who happened to have his upcoming spring break free, went up to the professor and said, “I’d like to work on this.”

It’s probable he didn’t realize it at the time, but with those words Medrano set himself in a new direction. His business career would have to wait.


FROM PHOTOS TO THE REAL THING

Medrano analyzed the six khipu by studying high-resolution photos and using applied math techniques to analyze factors like the types of knots used and their positions on the khipu cords. He found a significant match between the khipu and the document. “In terms of numerically,” Medrano said, “there’s absolutely an alignment.”

The khipu were later radiocarbon dated to try to place them as precisely as possible in time. “Radiocarbon dates reveal that the group of six are indeed an archive in the sense that they were all made at the same time,” Medrano said, “roughly around seventy to eighty years before the [Spanish] document was produced.… Other colonial documents do tell us that khipus were often maintained by communities for decades.” Which means that these khipu could have been made and then modified for years up to the time the colonial record was written.

The next step in tightening the connection between the six khipu and the document is further chemical analysis. “We’re also looking into doing isotope analysis basically to try to source them geographically using the chemical components of the fibers,” Medrano explained.

Up to this point, researchers like Medrano have not discovered a Rosetta stone–type translation of khipu. According to Medrano, there was a Spanish scholar who had planned to write a book explaining exactly how the khipu system worked, but he died before putting pen to paper. Another early colonial writer is said to have written down the code in his chronicle, but it was burned in the sack of Cádiz by Anglo-Dutch forces in 1696.

For Medrano, that first study of khipu was from afar, just analyzing photos. When he got a chance to examine them in person at Harvard’s Peabody Museum, the experience was powerful. “I remember it like it was yesterday. Having only looked at these in photographs, my first impression was that they’re thinner, more fragile and smaller than you would expect from photos. And, and with some strings, it’s been my experience since then that, you know, you can’t even touch some strings because they might disintegrate.”

Medrano was also struck by the difference between two-dimensional paper records and the reality of khipu as objects. “Because it’s a cord it has a three-dimensional structure. You might not be able to count, for example, the number of turns on your long knot, whether it’s three or four or five, without slightly turning the cord to its other side so that you can see the other half of the knot. I think I’ve never really interacted with a primary source that has this sort of three dimensionality to it.… Rope engages us in a way that other structures do not.”

Medrano has fully embraced his new passion for khipu research. He is currently at Harvard working toward his doctorate in history, focusing on—that’s right—khipu. “It remains the center of my world. I ended up being a research assistant for all my time in college working on khipu,” Medrano noted. “This year marks the soon-to-be-eighth year thinking about the khipu and its decipherment.”

Medrano, along with other khipu scholars, helps maintain an online listing of all the known khipu in museums and other collections worldwide. Called the Open Khipu Repository, it documents the location of more than 1,400 khipu, with more being discovered. He often finds new khipu for listing in the repository by using social media and online search tools. Medrano has found cases of small museums, for example, that have khipu but haven’t put them into a digital database, since that takes time and money these small facilities often don’t have. “They might advertise [some of their khipu] in an ‘Object of the Week’ type blog post,” Medrano said. “And those turn up in my search results.”




MANY MATERIALS

Khipu are probably most often associated with the Inca Empire (the Incans called their empire Tawantinsuyu, or “the Realm of the Four Parts”). From 1438 to 1533 the empire held sway over an expanse of 770,000 square miles, from Ecuador in the north to Chile and Argentina in the south. In a sad story of European colonial conquest that was repeated throughout the Americas, the Spanish under Francisco Pizarro defeated Incan forces and by 1533 had taken control of Tawantinsuyu.

While khipu were an important part of imperial administration, the Incans were not the inventors of the khipu. The Wari Empire, which ruled in Peru from 600 CE to about 1100 CE, also used khipu. And not only the Wari. Knotted cord devices were widely used throughout the world. In North America, Native American tribes in the southeast were noted to use knotted leather cords in the pre–Revolutionary War era. As James Mooney wrote in 1894, “Time was measured, and a rude chronology was arranged by means of strings of leather with knots of various colors, very much as in Peru. This system proved so convenient in dealing with Indians that it was adopted for that purpose by the governor of South Carolina.”2

From northern Mexico comes a story recounted by Carl Lumholtz in Unknown Mexico of the similar use of khipu-like knotted cords as a calendar: “The Huichol Indians … undertook a semi-annual pilgrimage in search of the hikuli, or sacred cactus. The leader of the pilgrimage carries a string with a number of knots in it, and one of the principal men remains behind in the temple and follows the pilgrims in his thoughts with the aid of an equal number of knots in a similar string. One knot in each string is untied each day, and in this way the pilgrims keep in spiritual touch with the people at home, and are protected, so they believe, from harm. When the hikuli-seekers return, each of them puts the string calendar twice across his back, once around each foot, once around the body, then down to each knee. This is done inside of the temple, and the watchman (i.e., the man who has remained behind) does the same with his calendar; thereupon both calendars are burnt.’”3

Knotted cord devices have been found in Central America, North America, China, Japan, Myanmar, Vietnam, the Nicobar Islands, India, Malaysia, Indonesia, New Guinea, the Solomon Islands, many Pacific Islands (including Hawaii and New Zealand), the Congo, the coast of Guinea, and many other locations in Africa.4

In South America, to knit together their extensive empire, the Inca were premier road builders, constructing more than 25,000 miles of roads. In places where the roads crossed rivers and gorges, they often built rope bridges. To this day, the rope bridge at Q’eswachaka in Peru is remade every year using ropes spun by local people from q’oya grass in the same method once used by Inca builders.

The road network was not only used for moving goods and troops but also to speed communication. And khipu provided a hardy method for sending information. Runners called chasqui carried khipu in their pouches. At way stations every 1.6 miles chasqui would hand off their khipu to the next runner, allowing for fast communication of information across the empire.

While about 80 percent of Incan khipu were made from twisted cotton cord, which was widely available in coastal areas of the empire, a variety of other materials were also used, including animal fibers from vicuña, alpaca, guanaco, llama, deer, and viscacha.5 Sometimes even human hair was twisted to make the cords of a khipu.

I spoke to Professor Sabine Hyland, a khipu expert from the University of St Andrews in Scotland. Hyland has made research trips to Peru, where she was allowed to examine khipu in remote villages under the watchful eyes of village elders. She noted the difference between the materials: “Cotton has a lot less flexibility … for coating than animal fibers do. For one thing, cotton doesn’t take color as well. And it loses its color more quickly.”

In addition to the material and color of the khipu cords, the other major encoding device is, of course, the knots. Khipu use only three types of knots: overhand, figure eight, and what’s called a long knot. Long knots can vary by the number of loops tied into each.

The mathematical significance of the knots was written about by the Spanish chronicler Pedro Cieza de León in 1553 and by a Peruvian-born Spaniard named Garcilaso de la Vega, who wrote in 1609. As Garcilaso wrote, “According to their position, the knots signified unities, tens, hundreds, thousands, ten thousands, and, exceptionally, hundred thousands, and they were all as well aligned on their different cords as the figures that an accountant sets down, column by column, in his ledger.”6

In the early twentieth century, an American researcher, L. Leland Locke, studied a series of khipu held at the American Museum of Natural History, and his work verified Cieza de León and Garcilaso’s writing. In a 1912 paper Locke confirmed the knots as a numbering system. The paper stated that khipu were not a counting device, like an abacus, but that the knots represented mathematical records only.

Other researchers have disagreed with this idea and are of the opinion that some khipu also contain narrative information—that they are not only dry census data. Some khipu scholars like Professor Hyland have researched discrete groups of khipu and found evidence of narratives. As Hyland wrote in a 2017 paper, “In 2015, I examined two khipus safeguarded by Indigenous authorities in the remote Andean village of San Juan de Collata. Village leaders state that these khipus are narrative epistles about warfare created by local chiefs.”7

According to Hyland, her research into the khipu in San Juan de Collata showed that they contained ninety-five different symbols, and this level of symbology fits with the number found in other logosyllabic writing systems. Further, this is more than the number of symbols typically found in those khipu that are believed to have been used only for recordkeeping. So there is real evidence that the narrative side of khipu is as yet an unexplored country.

Hyland also noted that many of the people living in remote villages in Peru tended to distrust the city folk from Lima. She laughed that being American and not hailing from Peru’s capital city was one of the times it was good to be a gringo, since the villagers were more willing to let her examine the Collata khipu.

For Hyland, the existence of a Rosetta stone translation key is a real possibility, and she told me she thinks that key could be in colonial records. “I think that there’s more to be found in Spanish archives. One of the missionary orders, the Mercedarians, which is a little-known order, they used khipus a lot in evangelization. And I have hopes that someday we’ll find a little booklet for their missionaries about how to use khipus.”

The surprising thing is that far from all khipu being destroyed by the Spanish, some khipu survived. And the craft of khipu making continued after the Spanish conquest and even into the modern day. These modern khipu may also be a way to decipher Incan khipu since modern khipu use many of the same features of khipu from the Incan era.

“I’ve been doing fieldwork since about 2000, so, for over twenty years now,” Hyland said. “And I think the perspective that I’m bringing to the table is that we can learn a lot about modern khipus, that there’s more continuity [between modern and ancient khipus]. There was this idea … that Inca khipus stopped with the Spanish conquest.… The American archaeologist Carol Mackey in the 1960s spent almost two years going through the Andes finding where people were still using khipus. [She and] Frank Salomon have been some of the main figures in saying, wait a minute, there is more continuity here.”



KHIPU CONTINUE

Whether a translation key will be found in colonial records or by deciphering khipu, the knotted, colorful cord devices are still being made in the Andes. In 2021 Hyland coauthored an article on the Anthropology News website that detailed a new interest by Andean peoples in making funerary khipu for the recently deceased, sparked by the ravages of COVID-19. “The centuries-old custom of making funerary khipus to accompany the dead in their journey through the next world had been dying out in the Central Andes. However, our research reveals that during the COVID-19 pandemic, which has been devastating in rural areas, funerary khipus are undergoing a resurgence.”8

Funerary khipu have long been made for burial with the body of the deceased. And it has been from grave sites that scientists have recovered many of the khipu in current collections. During the colonial period, much khipu use took on a Christian aspect. They were used to tally sins and to convey Christian prayers for the dead. And for people of the Central Andes, the funerary khipu were believed to assist the deceased. “The khipu allows the soul of the deceased to walk and overcome the obstacles and challenges of the afterlife.”9

Rope is the coming together of many strands to make something far greater than what the small fibers could have been on their own. In this way, it is an apt metaphor for living things composed of their many parts. The coming together of each human being, for example, results in a unique person with distinctive thoughts and actions. In the folk culture of the Andes there is a concept of death called raki. The word denotes the separation of things that formerly were together, like the strands of a rope unraveling. “If death is understood as the unwinding of threads that were once plied together, then we can see how the making of a khipu during the wake symbolically rectifies the dissolution of death.”10

In the next chapter we go from the heights of the Andes down to the level of the seas and follow the story of how rope became an essential element in the European maritime expansion across the world’s oceans, for all its good and ill effects.








STRAND SIX
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CONTROLLING THE AGE OF SAIL



THE JULY MORNING IN 1812 was sublime, with fair-weather clouds puffed across the sky and a light breeze rippling the Atlantic off the New Jersey coast. While conditions were balmy that day, the sailors of the powerful U.S. Navy frigate USS Constitution were too busy to notice. They were aloft in the rigging of the three-masted ship working the ropes—untying reefing nettles, loosing buntlines and clewlines, and shaking out the canvas of the man-of-war’s sails. Their instructions were to set every piece of canvas. The sailors used the ship’s ropes to set the sails to get as much speed as could be wrung from the weak wind. The events of the next few days would prove the vital importance of rope in the period between the 1450s and 1880s, called the Age of Sail, when wind-driven ships ruled the seas.

That July the conflict between Britain and the United States, the War of 1812, was only a month old. USS Constitution had been ordered from Annapolis, Maryland, to New York City, where Commodore John Rodgers was forming a squadron of American warships. The Constitution needed to get to New York as fast as possible, before the Royal Navy succeeded in establishing a blockade and bottling up the American ships.

The captain of the Constitution was Isaac Hull, an experienced commander and ship handler. He was so determined to join up with Rodgers that when a masthead lookout sighted the masts and sails of five ships on the horizon off Egg Harbor, New Jersey, Hull assumed that Rodgers had departed New York with his squadron and was sailing south to meet Hull and the Constitution. Even with all sails set, the wind was light, and the Constitution made slow progress through the day. But there was reason for good cheer aboard the frigate: soon the Constitution would add its firepower to Rodgers’s squadron.

As the five ships grew near, however, Hull had growing doubt about their status. As night fell, Hull ordered the U.S. Navy to light signal lamps to the nearest ship, off to the northeast. The ship did not respond with the counter signal, further raising Hull’s suspicions. When morning came, Hull saw that the five ships had spread on all sail and were headed toward the Constitution. And each flew the ensign of the British Royal Navy. The five ships bearing down on the Constitution were not Rodgers’s American squadron, but the British warships HMS Africa (64 guns), HMS Guerriere (38 guns), HMS Belvidera (36 guns), HMS Aeolus (32 guns), and HMS Shannon (38 guns).1 Even though the Constitution was a heavy frigate of 44 guns, Hull couldn’t hope to fight five opponents mounting a combined 208 guns. And for Hull to lose the Constitution would be a terrible blow to the small American navy of only eighteen ships.2 Hull had no choice but to turn and run from his pursuers.

Sailors scrambled across the deck and into the rigging. They handled the myriad ropes that controlled the sails as the ship made a painfully slow turn in the light wind. As the Constitution gybed before the wind, the enemy continued to close. Hull had his crew put on all sail, including the studding sails, which sit outboard of the main sails on either side and give the ship the look of sporting white wings.

The wind dropped to nothing for the Constitution, while the British ships still had a light breeze. Hull had to keep his ship moving, but the wind had betrayed the Americans. So he ordered the ship’s eight small boats launched. Rope would play another important role: as towing lines from the small boats to the Constitution. These boats were all equipped with oars, and the sailors who manned them could row and pull the ship along behind them. The sailors now worked the oars for all they were worth, slowly towing the ship forward. Soon the British lost the wind as well and the American sailors’ exertions kept the U.S. frigate just out of reach.

The Constitution was losing the race, however. The British had cleverly sent the small boats of all the ships in the squadron to tow the Shannon, the closest frigate to the Constitution. And with roughly thirty boats pulling the Shannon forward with rope-tow lines, the British frigate was gaining on the Americans. Something else was needed, or the Constitution would have to fight, allowing the other British ships to catch up and combine their cannons against the Constitution.

Hull had his men wet the sails with seawater so the canvas could catch every bit of the weak, fitful wind. He also ordered the crew to pump more than 2,000 gallons of water overboard to lighten the ship. The Constitution’s first lieutenant, Charles Morris, then hit upon an idea. He instructed the leadsman to throw his lead line (a rope attached to a lead weight that sank to the bottom for measuring water depth). The Constitution was in a depth of 26 fathoms (156 feet).3 Morris suggested to Hull that this depth allowed them to use a technique called “warping,” a method of moving the ship forward with the use of a special anchor called a kedge. This was a smaller anchor than the ship’s main anchors and could be carried forward in one of the ship’s boats and dropped over the side. The anchor would fall to the bottom, and then sailors on board the ship could turn the large, manually driven anchor winch to reel in the anchor line and pull the ship forward toward the kedge anchor. Morris had been aboard the U.S. Navy frigate President when the technique was used, and it had attained a speed of up to 3 miles per hour—slow indeed, but perhaps it would be enough to keep the British hounds at bay.

The biggest question was: Given the water depth, did the Constitution have enough heavy rope on board to make the technique work? They needed to take the kedge anchor far out ahead of the vessel so the down angle of the anchor rope would be a narrow one. An anchor rope too short meant the angle would be too steep and the anchor would not grab the sea bottom; it would pull up as soon as the rope was tensioned. Morris quickly made an inventory of heavy rope aboard the Constitution. He wrote this in his account of the chase: “We had been on soundings the day before, and on trying we now found [the depth to be] twenty-six fathoms.… It gave me confidence to suggest to Captain Hull the expediency of attempting to warp the ship ahead. He acceded at once; and in a short time, the launch and first cutter were sent ahead with a kedge [anchor], and with all the hawsers and rigging, from 5 inches and upward, that could be found, making nearly a mile of length.”4

With this nearly 6,000 feet (a nautical mile) of rope attached between the kedge anchor and the ship, the crew commenced warping the ship forward. Now, in addition to the sailors rowing the ship’s boats, sailors on the deck of the Constitution put their backs into the task of escape. When the ship had been brought close to the anchor, the kedge was raised, brought forward again, dropped, and the process repeated. The 420 men of the Constitution kept up this exhausting routine all day and through the night.

Though the British frigate Shannon was able to draw even with the Constitution and managed to fire a few cannons at the American frigate, the British cannonballs did no damage. Finally, after fifty-seven hours of pursuit, Hull kept his ship just far enough away from the British that when a wind sprang up, the Constitution slowly pulled away from her pursuers. By the morning of the third day, the British ships, now having fallen several miles behind, gave up the chase.

Without the lengthy ropes Morris found on board and tied together to make up that nearly mile-long anchor line, the Constitution would have been captured. The ship would very likely not grace the Boston Navy Yard as it does today, still a commissioned ship in the U.S. Navy.


THE AGE OF SAIL … AND ROPE

One craftsman with a real connection to the Constitution is the sailmaker and rigger Nat Wilson, who has done rigging and built sails for the ship, part of the tradition of keeping the old frigate alive. In his seventh decade, Wilson makes sails and rigging in his sailmaker’s shop in East Boothbay, Maine. In addition to “Old Ironsides,” a famous nickname for the Constitution, Wilson has made sails and built rigging for a slew of traditional sailing vessels, including the Charles W. Morgan (the 1841 whaling ship at Mystic Seaport Museum), Mayflower II (a reproduction of the Pilgrims’ 1620 vessel), the Hudson sloop Clearwater, the schooners Spirit of Massachusetts, Lettie G. Howard, Pride of Baltimore II, Shenandoah, and many other vessels. Wilson got his start working in the sail loft at the U.S. Coast Guard Academy. As a Coast Guard enlistee, he was assigned to help make sails for the Coast Guard barque Eagle. He worked there for four years and then spent eighteen months fashioning sails and rigging for the Charles W. Morgan in 1975. After that he opened his own sail and rigging business.

Wilson said rope rigging for ships use a variety of materials: “All the processes evolved over thousands of years. By the eighteenth and nineteenth centuries, the most widely used material was hemp for rope and for sails. Hemp is the most misunderstood material [by modern people] due to its association with marijuana. It was long used for cordage and is very strong and low-stretch. It’s a great blending yarn and was mixed with every material. The Union Navy used hemp for sails and rigging during the Civil War.”

Whether their sails were made of hemp, linen, or canvas, the key fact of the Age of Sail (roughly the years 1400 to 1880) was that the sailing ship took over from human-powered vessels driven by oars as the primary means of going to sea.

The galley, a type of ship that used oars for propulsion, was ascendent in the Mediterranean for thousands of years. But galleys tended to be lightly constructed and were not well suited for use outside the more placid waters of the Mediterranean. Historian Carlo M. Cipolla notes that while galleys were “serviceable enough in the Mediterranean,” they “could not stand up to the long rollers and the fierce sou’westers of the Atlantic. As the potentialities of the round ship were gradually developed in the course of the fifteenth century, Atlantic naval powers turned to the sailing vessel.”5

Wind-driven ships were superior for going far and wide on the world’s often stormy oceans. And ships wholly reliant on their sails were also wholly reliant on rope. Ships propelled by oars needed only the hands of the rowers for control. But sails designed to deal with shifting wind directions needed the precise control and nearly infinite adjustability that rope provides. Without rope, the Age of Sail would have been impossible: “Supremacy was gained by those nations which shifted more completely to guns and sails. The era of human energy was over and the era of the machine was beginning to open up.”6

The Age of Sail coincided with and sparked the so-called Age of Exploration. This period of increased navigation of the world’s oceans, largely by European, but also by Chinese and Arab, mariners, saw sailing vessels increase dramatically in size and complexity.

Heralding the dominance of sailing ships were relatively small vessels known as caravels. Caravels were sailed by Portuguese captains like Bartolomeu Dias, who first rounded the Cape of Good Hope at the southern tip of Africa, and Vasco da Gama, who first sailed from Europe to India.7

The next step in the rise of the sailing ship was the voyage of Christopher Columbus’s three ships, whose names read like a nursery rhyme: the Niña, Pinta, and Santa Maria. Two of these were not caravels but a type of ship called a carrack—larger and heavier than a caravel. And, after Columbus’s successful voyage crossing the Atlantic in 1492, the most important thing about the carracks was that they were rigged with square sails.

The square sail was not a new invention, of course. Egyptian, Phoenician, Greek, Carthaginian, and Roman ships carried square sails to assist the oarsmen of these ships when the wind was blowing from the right direction. If the wind wasn’t helping, then the sail was lowered and the oarsmen—often enslaved persons chained to their posts—rowed the ship forward.

The true square rigger, however, took the single square sail of these previous marine cultures and multiplied its power. Instead of a single mast and a single sail, the square rigger carried several masts and multiple square sails. These sails worked best when the wind was coming from a quadrant astern—from behind or at an angle less than 90 degrees from amidships. The wind pushed on the sails and the ship went forward.

Following Portuguese and Spanish discoveries and subsequent land claims, other nations sent forth their own ships. England engaged John Cabot (his name anglicized from his native Venetian Italian, Giovanni Caboto) to seek the long-conjectured Northwest Passage that was hoped to provide a shorter route to the Indies. France sent out Italian captain Giovanni da Verrazzano in 1524 in its attempt to reach the spices of the Indies.8 Verrazzano explored the East Coast of North America from Florida to New Brunswick, including a large bay and island that one day would become famous as the site of a little habitation called New York.

Spain, following the realization that Columbus’s voyage had failed in finding a new way to the East Indies, launched Ferdinand Magellan’s five-ship expedition in 1519 to sail west around the southern end of South America (a mirror effort to Portugal’s eastward push rounding Africa twenty years before). Magellan was instructed to cross the Pacific to the Indies. Magellan didn’t make it—he was killed by Mactan warriors in the Philippines in 1521—but one of his ships continued westward to Spain in 1522, marking the first recorded circumnavigation of the planet.9



CHINESE TREASURE FLEETS

China also was an early giant in the Age of Sail and Age of Exploration. In 1405, ninety-three years before da Gama reached Calicut in India, a huge fleet of Chinese ships, led by Admiral Zheng He, departed China headed south. Not only was the fleet expansive in number of ships, with various sources putting the count at more than 315 (along with thousands of troops—the entire complement was put at thirty thousand men),10 the ships themselves were a far cry from the diminutive caravels of Dias and da Gama. Some reports claimed the largest of these vessels was 600 feet long and rigged with nine masts. Although the exact length of Zheng He’s ships isn’t known for certain, they were, by all accounts, large, impressive vessels and carried at least six masts.11 To control such ships, Zheng He’s fleet would have required a massive supply of rope.

Zheng He, a eunuch from the Ming Dynasty court who had demonstrated his steadfast loyalty to the emperor during military campaigns on land, sailed his overpowering fleet to Java and Sumatra, passed through the Indonesian archipelago and crossed the Indian Ocean to call at Ceylon (modern-day Sri Lanka), and, like the Portuguese, he stopped at Calicut on the Malabar Coast of India. His ships were called treasure ships because, unlike the Portuguese and Spanish who sought gold and other riches, Zheng He’s ships carried valuable items that the admiral dispensed to local rulers as a sign of the Ming Dynasty’s power and prestige.

After returning to China in 1407, Zheng He led six more expeditions, each one at the head of a vast fleet. These Chinese naval expeditions fell out of favor with the imperial court, however, and after the sixth sailing, they ceased altogether.

While the Chinese mounted impressive expeditions to the Indian Ocean and the waters around it, Arab mariners were already regular voyagers there. Arab traders sailed to India before the Europeans or the Chinese by clever use of the monsoon winds. Much of the accumulated Arab seafaring knowledge was written down by the famous Arab navigator Ibn Majid. His book Kitāb al-Fawāʾid, or Nautical Directory, was a nautical compendium containing information on winds and currents to guide sailors through the Red Sea and Indian Ocean.12 And while Arab seafarers used rope for equipping their vessels like the Europeans and Chinese, they also had another use for rope. Instead of employing metal fasteners, Arab boatbuilders stitched their boats together in a similar fashion to the ancient Egyptians. Many Arab ships plying those waters were held together using coir rope made from coconut husks.



FLOATING SKYSCRAPERS

The sailing ship rig was the skyscraper of the 1500s. From about 1550 to 1880, at the end of the Age of Sail, sailing ship rigs grew progressively taller and more complex. And controlling all those sails and holding up those masts were miles and miles of natural-fiber rope.

The move to stacking sails began early. While the exact rig setup of Columbus’s Santa Maria is not precisely known, most experts believe the Santa Maria had a small sail above its large mainsail. Since a sail flown above the mainsail was atop it, this sail was naturally dubbed a topsail. The small topsail of the Santa Maria was only the start of the sail revolution then underway.

Before we can get further into the naming of the sails, though, first let’s talk masts. The naming convention in English is to call the first mast from the bow of the ship the foremast, the second and largest mast the mainmast, and the last mast going aft the mizzenmast. Some ships had five or six masts or more, but the standard ship rig evolved in Europe as a three-master.

At the beginning of this vertical expansion, the mainmast carried a big mainsail and a much smaller topsail. In another bit of wonky maritime nomenclature, the mainsail on the mainmast began to be called the course. So, from the mainmast hung the course and above that the main-topsail. On the foremast, the large sail closest to the deck was the forecourse and above that was the fore-topsail. So, ships in the early 1500s would typically have four square sails, two on the foremast and two on the mainmast. For much of the 1500s, mizzenmasts were rigged with a lateen sail (a triangular sail used by early exploring Portuguese caravels and Arab dhows).

As the Age of Sail continued into the 1600s and 1700s, the number of sails increased. Eventually the lateen-rigged mizzenmast was converted to square sails. At the deck level on the mizzen, the lateen sail lived on in a sort of half-a-lateen sail evocatively called a spanker. Above the spanker was a square mizzen-topsail.

On a sailing ship, the pole that sticks out forward of the bow is called the bowsprit. And during the early Age of Sail, this became a further place from which to spread sails. A square sail was set below the bowsprit and called a spritsail. And in a move that makes ships of the era seem whimsical to modern eyes, shipbuilders added a small vertical mast at the forward end of the bowsprit. This was called a sprit-topmast and rigged to it was another square sail called the sprit-topsail. Interestingly, when the spritsail and sprit-topsail were unfurled and set, the forward view of the helmsman was almost totally obscured. Thus, in German, the spritsail was called the blinde since it blinded forward vision—not exactly a plus.

Still, the profusion of sails was not complete. On the rope stays that led from the bowsprit to the foremast, triangular-shaped sails called jibs were flown. Similarly, in the spaces between the foremast and the mainmast and between the main- and the mizzenmasts, other triangular sails were set, called staysails.

And even that was not enough. Masts went higher and more sails were added. (Or was it that more sails were wanted and so masts had to comply? A nautical chicken or the egg question.) Above the topsails were topgallants (marvelously rendered in sailor’s speech as ta’gallants, which is second only to forecastle—pronounced fohk-sul—for colorful concision). But even topgallants weren’t enough and above those another set of sails were added called royals. On the largest sailing ships toward the end of the Age of Sail, sails were added above the royals called skysails. And occasionally a ship would fly a set above the skysails called moonrakers—so high they gouged the moon!

In the effort to have ships carry as much sail area as possible, canvas was added horizontally, as well. Sails were set on the outside edges of the topsails and topgallants. These were called studding sails or studsails (mentioned earlier in the account of the Constitution). Clipper ships—a type of fast sailing ship in the nineteenth century whose sole purpose was to get commodities like China tea to market in Europe as quickly as possible—were often depicted in nautical art with all regular sails and studsails set, churning up a frothy white bow wave, sailing at the ragged edge of control to get to market first. These ships could carry so much sail area that when fully canvased and being sailed hard they could be difficult to control, and even dangerous to their crews.



RUNNING RIGGING

Numerous sails to propel the ship worked well. But these arrays of canvas were useless unless they could be controlled. And rope made that possible. These natural fiber ropes were prodigiously strong. As Herman Melville wrote in Moby-Dick, “The whale-line is only two-thirds of an inch in thickness. At first sight, you would not think it so strong as it really is. By experiment its one and fifty yarns will each suspend a weight of one hundred and twenty pounds; so that the whole rope will bear a strain nearly equal to three tons.”

When the number of sails grows like garden weeds, so, too, does the need for rope. Rigging diagrams from this period look like the artist went wild, drawing a hopeless mess of lines. The challenge of operating such a complex set of ropes was daunting. A new crewmember on a sailing vessel had a steep learning curve. He had to learn all these running lines so well he could place his hand on the correct line in pitch dark or during a storm. For sailors on fighting ships, the challenge was even greater: they needed to find the right line while folks on other ships were shooting at them.

When asked about the running rigging on nineteenth-century whaling ships, Michael P. Dyer, former curator of maritime history at the New Bedford Whaling Museum in Massachusetts, highlighted the pressure for newcomers to “learn the ropes.” According to Dyer, the 1826 whaler Lagoda had “110 running rigging lines exclusive of boat davits and cutting tackles.” And all those lines only covered about half the needed rope for a square rigger.



STANDING RIGGING

As we touched on above, in addition to the running rigging, these ships also required standing rigging to keep the masts from falling. As ships got higher, shipbuilders couldn’t find tree trunks long enough. So they used composite masts. The masts of USS Constitution are each assembled from three smaller masts, one stacked above the next. This approach allowed shipbuilders to make prodigiously tall composite masts for the towering rigs of sailing vessels.

Holding these mast sections up were the forward and aft stays, led to the bow or the stern of the ship. Ropes from the side of the ship that provide support are called shrouds. This lacing of standing rigging formed a second and separate system of ropes from those ropes in the running rigging.

Of the two systems, the standing rigging had the more difficult task. Standing rigging had to remain taut at all times. If it didn’t, any looseness could produce chafe—a slow but steady breaking of rope fibers when rope rubs against itself, against other rigging, or against a wooden part of the ship. Chafe is highly destructive and can sever a line in hours. If the standing rigging got really loose, the mast could come down.

Keeping standing rigging tight simply by attaching a rope from a point on the ship to a point on the mast was impossible, however. The reason is simple enough: natural-fiber rope stretches. Stays and shrouds that were tight when first attached would be slack and sagging soon enough.

The solution to this problem of rope stretch was something called a deadeye. Deadeyes were round or oval blocks of wood with three carved holes. They were used in pairs, one above the other at the deck end of the shroud. A rope called a lanyard was reeved through the three holes going back and forth between the two deadeyes like a shoelace between the holes in a shoe. The last pass of the lanyard through the lower deadeye was brought up and tied off on the shroud above the deadeye. When a shroud rope stretched and loosened, the lanyard end was untied and attached to a halyard—a line coming from high up on the mast equipped with several blocks (pulleys in landlubber terms) to provide mechanical advantage.

A gang of sailors would sing a song as they hauled on the halyard in unison. These coordinated yanks would pull the lanyard tight through the deadeye and tighten the shroud to which the deadeye was attached. This deadeye system was a way to deal with rope stretch and to keep a ship’s standing rigging taut.

Hemp rope not only stretches (although it’s less stretchy than other types), but it also is susceptible to rot if it gets wet. Getting wet is obviously a problem for a ship, since it lives in the high-humidity environment of the sea and regularly is drenched by rain. When the core of a natural fiber gets wet, bad things happen, according to Nat Wilson. “It rots from the inside out,” Wilson said. “Basically, when it gets wet, it composts.”

Composting is not good for running rigging, but it’s particularly bad for standing rigging. If it rots, it loses strength and the masts collapse. To avoid this problem, mariners from ancient times tried their best to preserve standing rigging. The key was to saturate the fibers with the gooey substance from pine trees called tar. Applying pine tar to a ship’s rope was called tarring the rope. Tar was heated before application. The heating was key, according to Wilson: “Tarring is temperature related. The tar has to be hot enough to go all the way through the rope.” A properly tarred rope is largely waterproof and will far outlast a rope of untarred fiber.

Combine running rigging, standing rigging, and all the other items of rope needed, like the hundreds of feet of heavy rope called cable, which is a “rope of ropes” that was used for anchor lines, and the result was a gigantic pile of cordage on a sailing vessel. USS Pennsylvania, a 120-gun, 3-deck ship of the line, was the largest vessel in commission in the U.S. Navy in 1847. Rigging her required 70,685 feet of hemp rope (13.4 miles). In addition, the Pennsylvania was expected to go to sea with 81,120 feet of manila lines, 6,400 feet of hammock girt-lines, and 864 feet of hammock tricing lines.13



PICKING OAKUM

Without rope, these wooden ships would have all sunk. Not only because they couldn’t control their sails but because they couldn’t control their seams. Wooden vessels were built with planks of wood laid next to each other. These planks are what made up the outer skin of the hull. Wood is porous, however, and when it gets wet, it absorbs water and swells. This means that when the ship is constructed, some space is left between the planks for expansion. That’s great for the planking, but not so good for making the ship watertight. With those spaces open, a ship would sink in a matter of minutes. Here, again, rope was essential.

Strands of hemp rope can be separated, picked apart by steadily pulling at the strands by hand. The result of this grueling work is a fibrous material of intertwined strands called oakum. And oakum makes an excellent base material for filling the seams between planks. Tightening up the seams this way is called caulking. The oakum caulking is pounded between the seams with a special tool called a caulking mallet. After the caulking is applied, it’s made waterproof by coating it with tar or pitch. The oakum is compressible enough that it allows the planks to swell when the ship goes into the water.

“Oakum is very good caulking,” Nat Wilson confirms. “The whole idea is that you can drive it into a seam under compression. It stays tight to prevent leaking, but it also keeps the hull tight, with miniscule amounts of movement.”

Onboard ships, oakum was made from old lengths of rope called “rotten stuff,” according to Wilson. You might just call it “junk.” And indeed, the term junk was originally used in mid-fourteenth century English to describe old pieces of rope used for oakum. In the 1660s, junk was extended to mean “old refuse from boats and ships.” In the 1760s, junk also described salted meat used on long voyages. (There is a small island in Maine’s Casco Bay called “Junk of Pork.”) Later, junk’s meaning expanded to include other discarded items until it achieved its modern meaning of any type of refuse, trash, or cheap item of electronics received at Christmas that fails by New Year’s.

The process of deconstructing natural-fiber rope by picking it apart is called “picking oakum.” It was the onerous task of sailors, prisoners, and even orphans, as described in Dickens’s Oliver Twist:


“You have come here to be educated, and taught a useful trade,” said the red-faced gentleman in the high chair.

“So you’ll begin to pick oakum tomorrow morning at six o’clock,” added the surly one in the white waistcoat.

For the combination of both of these blessings in the one simple process of picking oakum, Oliver bowed low by the direction of the beadle, and was then hurried away to a large ward: where, on a rough hard bed, he sobbed himself to sleep.14



Oakum was also tied around the shrouds of a ship to protect the sails from chafing. This form of oakum was called chafing gear, or baggywrinkle. Since fore-and-aft vessels like schooners were more prone to having their sails chafe against the standing rigging shrouds, they often sported these fuzzy pillows of baggywrinkle, and do so even today.



KNOTS AND SPLICES

Knots and rope have an intrinsic connection. Without rope, there are no knots. And without knots, rope is nearly useless, as there is no way to control the rope or adjust its length for the particular job at hand. This is especially true for sailing ships. It isn’t wrong to say that without knots the great voyages of exploration by the Chinese, the Polynesians, and Europeans would never have occurred. The world was spanned by a knotted rope.

One mark of an experienced sailor even today is the ability to tie a variety of knots. In the Age of Sail, of course, knots were an essential tool for seamen. Sailors were required to tie a wide variety of hitches and bends and holdfasts. And they were required to do so without thinking or hesitation.

A hallowed sailors’ bible from the Age of Sail was The Kedge Anchor; or, Young Sailors’ Assistant, first published in 1847. This book is a staggering compendium of maritime knowledge. It begins with instructions on how to tie forty different knots—from the most basic overhand knot to the increasing complexity of the half hitch, the square knot, the bowline, the running bowline, the Spanish bowline, the carrick bend, the black-wall hitch, the sheepshank, and so on. These knots were considered the basic knots that a sailor should be able to tie with his eyes closed.

The definitive twentieth-century tome on maritime rope tying, The Ashley Book of Knots by Clifford W. Ashley, puts the importance of knots this way: “The sailor, from the very nature of his craft, has a dependence upon rope and a consequent familiarity with knots that is demanded of no other workman. It follows that most important knots owe both their origin and their names to the requirements of a ship at sea. So diverse are these requirements that the number of knots devised by the sailor is probably ten times greater than the sum of all other handicrafts combined. Nor is this surprising if we consider that on a full-rigged ship, in everyday use, are several miles of rigging, and an able seaman, of necessity, is acquainted with every inch of this extent.”15

Clifford Ashley’s book, first published in 1944, aims for truly encyclopedic coverage of the subject, and it contains a dizzying array of more than 3,800 knots, lashings, and decorative knots, depicted by more than 7,000 illustrations. While the book includes knots that are unusual or decorative, it also has knots that were essential to seamen in the Age of Sail. One of these is the shroud knot. Jose Hernandez-Juviel, owner of Sou’Wester Rigging in Edgecomb, Maine, who studied under Nat Wilson and works on the rigging of traditional ships like the Constitution, described the shroud knot this way: “With a shroud knot, you take two ends of the shroud where it’s parted, then you unlay those [separate the three strands] and overlap them to do a short splice. You do a wall knot [a “stopper”-type knot] on that end and then a wall knot on the other side. It’s the shortest short splice. The result is that if one of your shrouds gets shot away in a battle, you can fix it and you’re back in action.” Though Hernandez-Juviel describes the process with an experienced rope rigger’s somewhat baffling brevity, the essence is that a shroud knot was used to repair a length of standing rigging that may have parted. Seamen on sailing ships needed to get tasks like this done as swiftly as possible, since without the bracing effect of a shroud, a mast could be permanently damaged or fall down.

Another knot described in Ashley is the midshipman’s hitch, a knot designed to make a quick sling should one fall overboard and their fellow crewmen throw them a line. The sling would allow the person overboard to better hang on while their shipmates haul them back aboard. Tying this while hanging on with one hand and being dragged through the water by the ship probably takes a fair bit of skill and concentration.

Using a knot such as a bowline is one way to make a loop in a rope. That loop can then be used as an anchor point for tying on another rope. But that approach is not the best way to solve such a rigging problem. In fact, according to Hernandez-Juviel, knots actually weaken a rope: “Distortion of the line by a knot will weaken it. A bowline will drop a rope’s strength by 50 percent. A better approach is to keep the line from being distorted. A round turn with two half hitches, for example, only loses 10 percent of the rope’s strength.”

The far superior method to make an attachment point is to make an eye splice. This involves making a loop in the end of a rope, then deconstructing the last few inches at the end of the rope by unlaying the three strands. We choose the spot where we want our loop to dive back into the body of the rope and we unlay the strands there. Finally, we work the unlaid strands from the end of the rope back together with the unlaid strands of the body until they are all thoroughly intertwined. Done properly, an eye splice is nearly as strong as the original rope and far stronger than a loop made with a knot.

Other types of splices can be used to join two ropes together: the short splice and the long splice, both of which use the same unlaying and intertwining technique used for the eye splice. A short splice is very strong, but it increases the width of the rope. The long splice is not quite as strong, but it results in a splice that is only fractionally thicker than the original rope width. This allows a long-spliced rope to run easily through a block or a fairlead. Much like the knowledge of knots, the ability to execute a rope splice was a basic skill of the sailor. And just like three-strand rope, it is also possible to splice braided rope.

Another key skill when working with three-strand rope is keeping the strands of rope from unraveling by binding them together with a thin piece of cord in a process called “whipping” the ends of the line. The cord used for whipping is often waxed or coated with pitch to make it sticky. Common whipping can be done without using any tools, but it is a simple approach that can loosen and fall off the rope end. The more involved sailmaker’s whipping requires the use of a needle to put the whipping line through the strands of the rope, around its circumference, and then to run the whipping line into the valleys between the strands. The whole affair is typically dead-ended with two square knots that are then pulled deep between the strands so they are unlikely to work loose.

The vast bulk of sailors in the Age of Sail were illiterate, of course, and while they often worked brutal hours, they did have free time.16 Since many couldn’t read, they passed the time doing ropework. They learned to tie ever more complex knots, which they sometimes secretly passed on from one man to the next, and experimented with decorative ropework.

More than just knowing the working knots and splices, it was the dedicated application of decorative and fancy knots to a sailor’s gear that marked him as a true seaman. As Ashley wrote, “A sailor was judged by his chest beckets and bag lanyards.”17

I found an example of this even today when I talked to Jackie Caulkins, a young sailor from Pittsburgh, Pennsylvania, who sailed as bosun on the 131-foot schooner Harvey Gamage based in Portland, Maine. Caulkins also sailed on the 200-foot full-rigged ship Oliver Hazard Perry out of Newport, Rhode Island. Jackie has a ditty bag she made herself that is decorated with examples of her knot-tying skill. She does it as a way of keeping a connection to the sailors from the Age of Sail. “They would use a ditty bag like a résumé to show their craftsmanship,” Caulkins said. “When they would show up at a ship, they would use it as a way of proving the quality of their work, using the same stitching and types of knots they would use while working.”

In the next chapter, we’ll look at how the relentless demand for rope to outfit the thousands of ships plying the oceans during the Age of Sail prompted ropemakers to industrialize the ropemaking process. We’ll also see how a previously little-known plant native to the Philippines became an irreplaceable essential in making natural-fiber rope on a massive scale in the nineteenth century.








STRAND SEVEN
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CASHING IN



IN 1839 JEREMIAH N. REYNOLDS, an American newspaper editor, lecturer, explorer, and writer, published a curious tale of a famously fierce bull whale. The article, published in The Knickerbocker; or, New-York Monthly Magazine, claimed this cetacean had foiled the murderous attacks of many whalers over the years and was notable not only for his size and pugnacity but also for his coloration: “He was white as wool!”1 Initially sighted off the coast of the Chilean island of Mocha in the Pacific, the powerful whale was dubbed Mocha Dick. (Dick was a generic name used at the time like Joe is today—Herman Melville follows this convention by naming his literary whale Moby Dick.) Reynolds claimed to have met the first mate of a whale ship who battled the great one with a darting harpoon and hundreds of feet of 3/4-inch line flying from the rope tub. In his Knickerbocker piece, Reynolds retold the story of the fateful encounter:


At that instant, a whale “breached” at the distance of about a mile from us, on the starboard quarter. The glimpse I caught of the animal in his descent, convinced me that I once more beheld my old acquaintance, Mocha Dick. That falling mass was white as a snow-drift!…

“Here, harpooner, steer the boat, and let me dart!” I exclaimed, as I leaped into the bows.… I raised the harpoon above my head, took a rapid but no less certain aim, and sent it, hissing, deep into his thick white side!…

He now started to run. For a short time, the line rasped, smoking, through the chocks. A few turns round the loggerhead then secured it; and with oars a-peak, and bows tilted to the sea, we went leaping onward in the wake of the tethered monster.…

By this time two hundred fathoms of line had been carried spinning through the chocks, with an impetus that gave back in steam the water cast upon it. Still the gigantic creature bored his way downward, with undiminished speed. Coil after coil went over, and was swallowed up. There remained but three flakes in the tub!

“Cut!” I shouted; “cut quick, or he’ll take us down!” But as I spoke, the hissing line flew with trebled velocity through the smoking wood, jerking the knife he was in the act of applying to the heated strands out of the hand of the boat-steerer. The boat rose on end, and her bows were buried in an instant; a hurried ejaculation, at once shriek and prayer, rose to the lips of the bravest when, unexpected mercy! the whizzing cord lost its tension, and our light bark, half filled with water, fell heavily back on her keel.…

The dying animal was struggling in a whirlpool of bloody foam, and the ocean far around was tinted with crimson … the monster, under the convulsive influence of his final paroxysm, flung his huge tail into the air, and then, for the space of a minute, thrashed the waters on either side of him with quick and powerful blows.… He then turned slowly and heavily on his side, and lay a dead mass upon the sea through which he had so long ranged a conqueror.2




INDUSTRIAL SCALE

Reynolds’s colorful and gruesome account of Mocha Dick’s end was likely embellished for maximum effect on his readers. Melville was known to have read Reynold’s account and it clearly influenced him in writing his whaling novel. As embellished as it might be, however, the account does illustrate some key elements of the use of rope aboard whaling ships. What we today consider the sad business of hunting whales would have been impossible without many tubs of rope.

Indeed, this was rope use on an industrial scale. Each of a whaleship’s whaleboats carried upward of 2,000 feet of rope in one or more tubs. And since each ship carried three to five whaleboats, the amount of rope needed just to conduct whaling operations on one whaleship was as much as 10,000 feet.3 When extrapolated to the size of the American whaling fleet of 735 ships in 1846 and a worldwide fleet of 900,4 the result is a prodigious tangle of rope. And that doesn’t account for the rope needed for the whaleship’s standing or running rigging. Or further, the many more miles of cordage needed by non-whaling merchant ships and naval vessels.

With so much demand for working rope, the process of making cordage was transformed during the eighteenth century. When I talked to British rope historian, researcher, and knot expert Des Pawson, he stressed changes in this period. “One of the landmarks must be when man started to use some kind of equipment instead of making rope entirely by hand,” Pawson said. “And at the end of the eighteenth century, huge steps were made in the manufacturing of rope with the development of the register plate and forming tube. There was a huge number of different patents developed … and rope manufacturing advanced by leaps and bounds.” Ropemaking transformed into an industrial enterprise.

During the seventeenth and eighteenth centuries, the methods and materials of making rope became steadily more standardized. Whereas a variety of plant fibers like lime bast and flax were once used, in this period the process settled more fully on the use of hemp. Given the right conditions, hemp plants can grow 8 to 14 feet tall, producing strong, long-length fibers. These fibers were separated from the plant by the process of retting. (Recall that lime-bast fibers were soaked in water to rett, or separate, them from the outer bark and the inner material—retting for hemp was a similar process.) Bundles of fibers were then removed of seeds and other unwanted materials and organized into straight runs by hackling. The hackling process involved repeatedly drawing the fibers through a block of sharp metal spikes, looking like a giant’s hairbrush, called a hackle. To aid in this task, the fibers were often softened with small amounts of oil.

Once hackled, the fibers were turned into thin yarns by drawing them out with the aid of a spinning wheel. In this process the ropemaker would walk backward maintaining a steady pull on the yarn as the small hooks of the spinning wheel twisted the fibers together.

Multiple yarns were placed on a ropemaking machine equipped with hooks arranged in a circle. These hooks that held the yarns could all be spun together in the same direction with a hand crank. The multiple yarns were twisted together into thicker elements called strands.

The next step was to attach these strands to the rotating hooks of the ropemaking machine. The three strands were then twisted in the opposite direction that the yarns were twisted. This bringing together of the strands into rope was called “laying” the rope. Laying was aided by a big wooden conelike device called a “top.” The top had three channels cut into it that guided the strands together. The ropemaking machine with the three rotating hooks, which spins the yarns into strands and the strands into rope, is fixed in place. When the strands are combined into rope using the top, they are attached at one end to the rotating hooks and at the other end to a wheeled cart. As the rope forms, the twisting makes the completed rope shorter than the length of the original strands. Thus, the cart rolls slowly toward the rotating hooks as the rope takes shape.

So, the process was threefold: fiber bundles twisted into yarns, yarns twisted the opposite way into strands, and the strands twisted again the opposite way into rope.

An eighteenth-century British master mariner named Joseph Huddart noted in his sailing days that marine ropes often broke from the failure of the outer fibers, while the inner fibers had few, if any, breaks. Huddart realized that this was due to the uneven way the yarns were brought together when forming strands. To remedy this disparity, Huddart invented a device called the register plate—a metal plate with a series of holes through which the yarns were guided.5 The pattern of the holes ensured that when forming the strands the forces were more evenly distributed. An allied invention was the forming tube that compressed the yarns as the strand was made.6 These and other inventions made the process of ropemaking faster and resulted in better quality ropes that didn’t fail as easily.

Making a rope of any type required some space to spread out, space to lay out the lengths of material so they could be joined smoothly. In the early days of ropemaking the work was often done outside in an open area. As one history of ropemaking notes, “Originally a ropewalk was a level yard or field marked out with a series of pegged posts on which the yarn, strand or rope was hung as fast as it was spun, formed or laid.”7 Because rope is a long linear object, a ropemaking area was a space much longer that it was wide. Eventually, ropemakers built roofs over these long ropemaking grounds to provide some cover from the rain. Over time walls and a floor were added and a long, narrow building called a ropewalk came into being. It was called a ropewalk because yarns were initially formed by walking the fibers backward.

The length of a finished rope was tied to the length of the ropewalk in which it was made. Remember that the completed rope ends up shorter than the original length of the strands. If we wanted a 500-foot-long rope, for example, we needed a ropewalk of, say, 700 feet. Since the maritime world required long ropes for rigging ships and for deep anchor cables, that meant ropewalk buildings were usually many hundreds of feet long. The Royal Navy had a requirement that its ships be equipped with sufficiently long rope cables for anchoring in 240 feet of water. And to anchor properly we need at least three times that length, or an anchor cable of 720 feet. So, to make a 720-foot cable we want a ropewalk 1,000 feet in length. The British government established three ropewalks along the Thames: at Woolwich, Deptford, and Chatham. The ropewalk at Chatham Dockyard in Kent, England, which still makes rope for sale, has been making rope for more than 400 years and is 1,135 feet long.8 In the United States, the ropewalk built at Charlestown Navy Yard in Boston in 1838 was a staggering 1,325 feet long and made naval ropes until it was closed in 1971. By 1810 there were 173 ropewalks of various lengths in operation throughout the United States.9

The American poet Henry Wadsworth Longfellow captured some of the mesmerizing drone of a ropewalk’s relentless spinning machinery in the first two stanzas of his 1858 poem, “The Ropewalk”:


In that building, long and low,

With its windows all a-row,

Like the port-holes of a hulk,

Human spiders spin and spin,

Backward down their threads so thin

Dropping, each a hempen bulk.

At the end, an open door;

Squares of sunshine on the floor

Light the long and dusky lane;

And the whirring of a wheel,

Dull and drowsy, makes me feel

All its spokes are in my brain.



Rope was part of a group of essential materials for shipbuilding, especially naval shipbuilding, that were called naval stores. Broadly defined, these were rope, tree trunks for use as masts, and liquid products taken from conifer trees like turpentine, rosin, pitch, and tar. The latter group of materials were all waterproof and could be used to help waterproof the ship. As we’ve explored previously, oakum picked from old ropes and then soaked in pitch or tar was used as caulking to fill the spaces between the planks of a ship’s hull.

Since the condition of the Royal Navy was of prime importance to the British Parliament, during the colonial era that body passed several acts that sought to entice or compel colonists in British North America to produce naval stores for the benefit of the mother country.



ROPEWALKS IN BOSTON

When it came to that essential naval store, rope, the building of ropewalks and the making of rope began early on. The ropewalks in Boston supplied rope to the growing merchant fleet of colonially built ships. By as early as 1650 Boston was in the driver’s seat as the number one port and was heavily engaged in international trade. “Boston was the leading port.… New England-built vessels were then carrying agricultural surplus, horses, cattle, and furs to Europe and the Caribbean, and to those places … they brought lumber, wooden ware, casks, staves, and hoops of New England pine and oak.”10

Hemp composed the majority of raw material for making rope and for sailcloth for ships, and the government in London was keen to have a local supply of hemp fiber. As a result, the British government provided monetary bonuses to New England farmers to grow hemp, and “therefore in 1705 an act was passed granting a bounty of … £6 a ton on hemp.”11 Most of the early colonial hemp crop was grown along the Merrimack and Connecticut Rivers. Later it was cultivated throughout the colonies. With the rise of ropewalks in Boston and other port cities, however, little to none of North American colonial hemp production made its way to Britain, because most was used locally. In fact, even though the British government attempted to discourage imported hemp fibers, a growing amount of hemp came from Russia: “though burdened with British duties and extra freight, it was imported in considerable quantities from Europe by New England rope-makers.”12

As the leading colonial port, the disposition of ropewalks in Boston is well documented. Boston began building ships soon after its settlement on the Shawmut Peninsula in the late 1620s. And with ships, we need rope. The first ropewalk in Boston was churning out rope as early as 1629. An early ropemaker was established on “Rope-makers Lane” in Charlestown, across the Charles River from Boston, in 1638.13 In 1642 a group of Bostonians wooed a ropemaker by the name of John Harrison from Salisbury, England, to run a ropemaking establishment. One of the inducements was a twenty-one-year monopoly on ropemaking in the city. By 1666 Harrison had built a 984-foot-long ropewalk and was working hard to feed his wife and ten children. A 1722 map of Boston by Captain John Bonner shows four ropewalks laid out in less developed areas of town. An area conducive to rope manufacturing was in the West End, the sparsely settled northwestern corner of the peninsula. “The West End was … an ‘urban fringe area’—a section on the outskirts of a city where objectionable or undesirable industries and institutions are located.”14 The fringe status of ropemaking was for three reasons: space, stench, and danger.

Space, because ropemaking needed open land on which to build its long ropewalks. Stench, because the practice of dunking hemp rope in a vat of hot tar to make it water-resistant meant that the ropewalks gave off the odor of bubbling tar all day. And the danger came from the unholy combination of clouds of airborne combustible rope fibers, the open fires used to heat the tubs of pine tar, and the tar itself. When these dangers all came together the result was a flaming, hundreds-of-feet-long blowtorch that could quickly spread a conflagration to nearby buildings.

By 1788, the city of Boston had fourteen working ropewalks, and the job of ropemaker “outnumbered any other class of mechanics.”15 Early on the morning of July 30, 1794, the concentration of ropewalks along Pearl Street turned disastrous:


Wednesday morning, about four o’clock, the melancholy cry of fire grated on the ears of our citizens. They immediately assembled to stop, if possible, the ravages of this destructive element. The fire caught in the Rope Walk of Mr. Howe, by an accident in heating some tar, and before the Inhabitants could be alarmed and assembled, it had gained so great a head as to render abortive all attempts to secure, from the flames, any of those elegant and valuable Rope Walks, which formed a row from Milk street, to the west part of Fort Hill; their attention, therefore, was turned to the preservation of the dwelling houses, which from the intense heat arising from the burning tar and hemp, were taking fire in every direction.16



When it was over, the fire had destroyed seven ropewalks, “the whole stock of hemp, cordage, tar, &c, in the rope walks,”17 and a total of ninety-six buildings.18

The danger of ropewalks located near inhabited areas was made all too clear by this fire. In an effort to forestall a further devastating event, the city moved to relocate the ropewalk district. This resulted in one of the earliest efforts to increase the size of the city of Boston using landfill: “On August 12 [1794] the town appointed a committee to survey the marsh at the bottom of the Common and land on the Neck as possible new locations [for the ropewalks].… On September 1, 1794, the town granted the owners of the ropewalks a three hundred-foot width of marsh and flats, including Fox Hill, at the bottom of the Common. The proprietors of the ropewalks were required to build a seawall on the west side of their grant … creating land that is now part of the Public Garden.”19

Ropewalks had another intriguing connection to Boston history: the conflict between a Boston mob and British soldiers quartered in the city that led to the Boston Massacre of March 5, 1770. It began a few days before as an altercation between ropemakers at John Gray’s 744-foot-long ropewalk just south of Milk Street and a British soldier named Patrick Walker. A fight broke out after Walker was insulted by the ropemakers, but he was soon driven away by several of the workers. Walker went to his barracks and came back with eight fellow soldiers. They mixed it up with the gang of ropemakers, who again drove them off, employing the wooden levers used in rope twisting as clubs.20 The ropewalk battle escalated when more than forty soldiers returned for a full-on melee with the ropemakers, a battle that swirled back and forth and threatened to upset the hot tar cauldron. Once again, the ropemakers prevailed, and this time the soldiers did not return.

There were more altercations over the next few days until Monday, March 5, when a small crowd harassed Private Hugh White, a soldier from the 29th Regiment of Foot standing sentry outside the Boston Custom House. The situation became heated and seven more soldiers, all with loaded muskets and fixed bayonets, joined Private White. The group confronting them grew to somewhere between 300 to 400 Bostonians. Insults, snowballs, and other missiles flew. When one of the soldiers was knocked off his feet, another soldier felt sufficiently threatened to fire his Brown Bess musket. The other lobsterbacks followed suit, also discharging their weapons into the crowd.

Four men died as a result of the musket fire, including merchant sailor Crispus Attucks, who was of African and Native American heritage, and Samuel Gray, a ropemaker who worked at John Gray’s ropewalk where the initial contretemps began. Attucks and Gray, a rope handler and ropemaker, are said to be among the first casualties of the history-shaking events of the American War of Independence.



MACHINE SPINNING

The nineteenth century saw a steady advancement in the process of manufacturing in almost every industry. For example, a ropewalk powered by human or animal muscles or sometimes via waterpower was state of the art in the 1700s. By the 1840s, steampower had taken over providing the motive force. Manufacturing processes were undergoing steady development in the search for larger volumes and greater efficiency. Ropemaking was part of this change as new machines and consolidation of the trade into larger manufacturing facilities forced many smaller ropemaking operations out of business.

One such ropemaker that stands as an example of this evolution is the Plymouth Cordage Company. The firm was started in 1824 with twenty thousand dollars and a traditional ropewalk in North Plymouth, Massachusetts.21 During the course of the nineteenth century, the company grew and built multiple large mill buildings on its 45-acre waterfront site. The water access allowed the company to bring raw materials directly in by ship. When the Old Colony Railroad was built between Plymouth and Boston in 1845, the rail line ran right by the company’s mills, and trains stopped to unload their cargoes of hemp or manila. This process was not conducive to meeting a regular railroad timetable, and the passengers who had to wait while the train unloaded must have complained bitterly at the delay, which could take twenty-five minutes or more. In 1853 a railroad siding was added at the Plymouth site to ease freight operations.22

Machinery was developed that mechanized every step of the process, from hackling the fibers to yarn production to forming the strands and then the finished rope. In 1838 steam-driven spinning machines were brought on line.23 By 1848 human operators for feeding the fibers to the mechanical spinners were replaced by self-feeding devices.24 And by 1916 mechanical spinning machines called flyers were in place. These machines operated at 1,500 rpm feeding yarn onto bobbins and could hold up to half a mile of yarn weighing ten pounds.25 And while the original ropewalk on-site was still used for some special projects, the strand-making and rope-laying processes were performed by machines called horizontal strand-forming machines, bobbin frames, vertical laying machines, and compound laying machines. The latter machine had sizable armatures loaded with heavy coils of material that spun at high speed in opposite directions.26 Woe to the operator who got caught in its path. This machinery changed rope production “from a laborious task—dependent for its success on the skill of the individual expert—into quick, sure operations where every problem is met with the unfailing accuracy of a perfect machine.” This quote, from the Plymouth Cordage Company’s 1916 book The Story of Rope, betrays some of the early twentieth century’s blind faith in technological progress, but it also conveys how mechanization transformed the industry.

The fire danger that had earlier plagued ropewalks was reduced by doing away with open flames and using steam tubes to heat the pine tar applied to hemp rope. Another way the company worked to reduce fire danger when shuttling materials around the industrial railway on its huge site was to use locomotives built by the Baldwin Locomotive Works of Philadelphia that were powered by tanks of compressed air—eliminating steam locomotive fires or possible sparks from electric motors.

The Plymouth Cordage Company built new mill buildings in 1885, 1899, and 1908. By 1916 the company had two thousand employees and was the largest ropemaker in the world.27 By the early twentieth century the company had 370,000 square feet of floor space for storing the raw material fibers that arrived via ship and train, a number that speaks to the industrial scale of ropemaking in this era.28 The company’s ropewalk was closed in the 1950s, and a 250-foot-long section of it was dismantled and then rebuilt at the Mystic Seaport Museum in Connecticut as an exhibit of the hand-powered era of ropemaking.




ABACA SEIZES MARKET SHARE

Another change in the nineteenth century was the increased use of a natural fiber to rival hemp. Musa textilis, or abaca, a member of the banana family, is a plant that only grew in the Philippines, and the name for it is derived from the Tagalog word abaká. There is evidence that Indigenous peoples of the Philippines were making rope from abaca more than thirty thousand years ago.29 Abaca was also long used to make cloth: “The native islanders were making textiles from its fibers when Magellan reached the Philippines in 1521.”30 Growing 15 to 25 feet high, the seemingly solid abaca trunk is actually composed of separate leaf stems that grow in compact, overlapping layers. And in the bark of the leaf stems are the long fibers with characteristics superior in many ways to hemp fibers.

In North America the fibers and the rope from the abaca were dubbed “manila hemp,” even though the material was not derived from the Cannabis sativa hemp plant, and most of the fibers were exported via the port of Cebu City on the island of Cebu and never got close to the city of Manila (naming it after one well-known Philippine city is similar to how some Americans think everyone from Britain lives in London). Imports of raw abaca fiber into the United States steadily increased, going from 70,152 tons in 1899 to 169,435 tons in 1917.31

The areas in which manila is superior to hemp include strength, flexibility, and resistance to damage from salt water. It’s naturally water-resistant in a way that hemp fiber is not. This feature removes the need to run manila rope through vats of tar to make it more water-resistant. While tarring hemp did make it last longer in a marine environment, it also made it less effective to use as line for running through pulleys or blocks, as the tar would wear off and could gum up a block. Manila line, on the other hand, would leave a block tar-free. This meant that manila was often preferred for running rigging that needed to move.

Manila’s one drawback was that while water didn’t damage it, manila rope did absorb water, and when that happened the rope swelled and shortened in length. This was not a desirable characteristic for the standing rigging used to hold up masts. As a result, tarred hemp line continued to be used for a ship’s standing rigging until it began to be replaced by wire rope.

Manila’s greater strength and easy handling made it more the line of choice for uses like harpoon line in whaling: “Weight for weight, manila whaleline is stronger than steel cable of equal length.”32

Another intriguing use for manila line was for power distribution. In factory settings where a waterwheel or a steam engine was used to provide motive power, there was a need to distribute that power to individual machines in the facility. Sometimes flat belts were employed for this, but manila rope was also used. “Rope offered the most economical means of conveying power, and indeed was the standard means until the end of the [nineteenth] century, since any number of ropes could be taken off a single drive wheel.”33



FIBER FROM AGAVE

Another natural fiber that saw tremendous growth as ropemaking was industrialized is a material called sisal. This fiber is derived from plants of the agave family (a species of which is used to make tequila). In the nineteenth century most sisal fiber production came from the Yucatán region of Mexico.34

Sisal is not as strong or as flexible as manila and when manufactured into rope there are stray fibers, called “splinters,” that emerge from the rope. These make the rope less appealing both visually and to handle. There was one thing that sisal did very well, however, and this feature allowed companies like Plymouth Cordage to turn sisal twine into a huge business. Sisal was strong enough for use in tying bales of agricultural products. This binder twine was widely used on farms in the American Midwest for binding bales of hay, among other materials.

Binder twine was such an omnipresent feature of American farming that it became the inspiration for the name of an automobile brand. In 1928 Walter P. Chrysler of Chrysler Motors was looking to introduce a new brand name for the company’s low-priced line of cars. He wanted a name that was well known and would be well received by the middle-class buyers who were the intended market for these cars. A Chrysler executive named Joe Frazer, who would later go on to become the head of General Motors, knew how widely Plymouth Cordage Company binder twine was used in the American Midwest. So, he suggested the name Plymouth for the new car line, and Walter Chrysler immediately agreed.35

After 141 years in operation and having become one of the major manufacturers of natural fiber rope, the Plymouth Cordage Company wasn’t able to make a profitable transition to synthetic-fiber rope after the Second World War, and it closed in 1965.

In the next chapter, we’ll look at the use of rope for sweeping food from the sea.








STRAND EIGHT
[image: ]

FOOD FROM BENEATH THE WAVES



THE EARLY MORNING DARKNESS OF January 25, 1883, was calm and cold. The 100-foot fishing schooner Grace L. Fears lay easy in the smooth waters above Burgeo Bank, a shallow underwater plateau extending southwesterly from Newfoundland into the North Atlantic. Aboard the schooner the dorymen readied their boats, preparing to depart from the safety of the mothership. The schooner carried ten of the 16- to 18-foot open boats,1 each dory fishing with a two-man crew. A big, strong Gloucester fisherman named Howard Blackburn was paired up with a young man named Thomas Welch, who had a fraction of Blackburn’s experience with laying out long lines in search of halibut. Blackburn had never met this relative newcomer to the dory fishing trade before the Grace L. Fears departed Gloucester, Massachusetts, bound for the rich fishing grounds to the north.

Blackburn and Welch left the schooner astern as the day broke, rowing to the southeast. Longline bottom fishing for halibut used lengths of rope secured to the seafloor with small anchors at either end of the line. To this central rope were attached individual baited lines called “snoods.” Each snood ended in a herring-baited hook. These ropes lay on or close to the seafloor, angling to catch bottom-dwelling halibut. At each end of the baited trawl line a rope was attached to a buoy that floated at the surface to mark the ends of the trawl.

Blackburn and Welch worked hard as the day dawned, setting their trawl. They’d put out the anchors and almost a mile and a half of trawl with 480 hooks2 and then returned to the anchored schooner.

Normally the fishermen would wait a day for fish to take the bait before they’d go back to recover their trawls. On this day, however, only two hours after Blackburn and Welch and the others returned to the schooner, Captain Griffin became concerned by the lowering clouds and the powerful sense that a storm was approaching. He ordered them back out even though the catch would be light. According to Blackburn, the schooner’s captain “feared a blizzard was coming on and told us we’d better go right back and haul them.”3

As Blackburn and Welch worked at recovering the trawl, they had the southeast wind at their backs, pushing them toward the Fears. A light snow fell, cutting down on visibility. Both the schooner and their fellow dorymen were still in sight, however, so the two fishermen were not unduly concerned. Then the southeast wind died. “Just as we pulled in the last of the trawl the wind fell away to a flat calm,” Blackburn recalled for a reporter in 1932. “I knew what this might mean and so was not a bit surprised when a few minutes later it breezed up from the northwest. That brought us right to leeward and we would have a dead-head wind to row in.”4

The heavy northwest wind was now blowing them away from the schooner, meaning that rowing toward the Fears would now be much more difficult. As Blackburn recounted:


Soon flakes of snow were blowing into our dory and the wind was increasing in force.… The snow and vapor soon became so thick we could not see many lengths ahead of us … we lost sight of the schooner in the blizzard.…

We rowed to windward until we thought we must be abreast of the vessel. As we could hear no bell or other sound we thought we might have gone by her.…

“We’ll have to anchor,” I said to my mate. He agreed with me. During the night it stopped snowing and we could see a … light [on the schooner] in the distance. This was the first time we had caught sight of our vessel and to our dismay we had not gained an inch. We were practically in the same position as we were when we started rowing.5



Through the bitter night the wind continued, piling up the waves. The dory lay at anchor, but the steep seas were crashing aboard the boat and the two men spent hours bailing out the water that surged aboard. Some of the spray froze on the boat, making it heavier, and so it sat lower in the waves.

By morning Blackburn realized that staying on the anchor would soon sink them. He improvised a sea anchor that allowed them to slowly drift downwind. This took them away from the Fears, but it kept the bow of the boat higher so it took on less water. When tying the knot for the sea anchor, however, Blackburn lost his mittens.

Blackburn knew immediately that his bare hands would freeze. With remorseless logic he made sure they did so in a way that they would still be useful: he grasped the oars. Now, even with frozen claws for hands, he could still row.

Welch was fading, losing hope that the pair would ever be rescued. He grew weaker and lay down in the bow of the dory. Over the course of the second night of their ordeal, Welch no longer responded to Blackburn’s calls. The inexorable cold had taken him. Later, Blackburn moved Welch’s body to the stern of the boat where ice steadily accumulated, glazing Welch’s body in a glistening shroud. Blackburn took Welch’s mittens but he couldn’t get them onto the frozen claws of his hands.

There was nothing for Blackburn to do now but row. The southern coast of Newfoundland lay roughly 40 miles away and it was his only hope. As he rowed, the frozen flesh of his hands wore away. Meanwhile the storm mercifully blew itself out. He rowed during the day and at night put out the sea anchor, trying to get some rest. At some point during the third day he caught sight of the low, snowcapped Newfoundland coast. The conditions had already taken a toll on his frozen hands: “As I rowed portions of my hands and fingers were being ground off on the oar handles. It is surprising how fast dead flesh disintegrates when rubbed hard. In a short space of time it seemed as though I was holding the oars with bones and muscles only.”6

He made it to shore and was found and taken in by the Francis Lishman family. Over almost five months, Mrs. Lishman selflessly worked to nurse him back to health. As a result of his ordeal in the dory, Blackburn lost all his fingers, his thumbs to the first joint, his right heel, and five toes.7

After he returned to Gloucester, the indefatigable Blackburn opened a cigar store and then a saloon that was a favorite of the harbor’s fishermen. Eager to go back to sea, however, Blackburn had a 30-foot sloop built and he sailed alone across the Atlantic—twice! As Joseph Garland wrote, he worked the lines of his boats with the same determination that had saved him on the Burgeo Bank: “When he needed to trim the main sheet to haul the sail in closer to the wind, he would make one turn of it around the cleat and lean against the taut length of line leading to the sheet block on the boom, gripping it near the block with his thumbs and hauling up the slack around the cleat with his teeth.”8

Before his ordeal, Blackburn usually fished for halibut. Many of the dorymen on Georges or Burgeo Bank or the Grand Banks fished for cod. In the early days of the fishery they used handlines, and then in the second half of the nineteenth century the cod fishery made the transition to longlines.


NETS OF CROSSED ROPE

One of the simplest rigs for catching fish, and maybe one of the oldest, is a rope handline and a baited hook that’s dropped in the water. The person fishing has the line running over their hand, so should the fish hit the hook, they can feel the motion. Fishers of Taiwan even developed the technique of the “footline”—running baited lines through their toes. Apparently some were so practiced at this technique they could “work several lines with each foot.”9

From earliest times, however, the big fish-catching use of cordage was to make grids of line into nets to bring food up from beneath the waves. The potent spiritual aspect of fishing and nets is reflected in many religious traditions. In a Greek myth, the goddess Dictynna, named “Lady of the Nets,” was saved from capture by King Minos of Crete by the nets of fishermen. Japanese Shinto has the god Ebisu, who is the patron of fishers and is also a god of luck (cultivating a lucky god seems wise given we’re trying to catch something unseen underwater).10

One of the oldest archaeological finds that included evidence of cordage crisscrossed to produce a barrier to fish was unearthed in Finland in Korpilahti in the Karelian Isthmus in 1914. In addition to the fragments of net made from willow fibers, the Stone Age site yielded stone, bone, and antler tools all from approximately 8300 BCE: “Bark floats and stone sinkers belonging to the net were preserved, together with some remains of cord and bindings.”11

The earliest nets were likely formed using a straightforward interlacing technique. One writer explains the process thus: “As long as the material was rigid and rough, this was [a] relatively simple … primitive form as it had been made by using bast twines and simply hanging one mesh on one in the previous row. Such ‘knotless’ meshes remained … constant only as long as the net was firmly stretched in a frame or fastened over a rack like the old baskets made of lime tree bast in the North European fishery. Knotting was not necessary. The netting was kept together somehow by its own roughness.”12

As net making evolved, fishing peoples realized they could make a tougher, longer-lasting net by twisting the cordage together where the lines of the net crossed. As the cordage employed to make a net improved in quality, simple twisting of the crossing points wasn’t enough, because the higher-quality line was smoother and had less friction and so the twists were less likely to stay together.

An improved way of keeping the net a net was to tie knots at the crossing points. Even with knots, though, increasingly fine cordage material could make the crossing points get out of whack. As one writer explains, “The smoother and more uniform the twines became—the less did the meshes remain constant. The knots were found to slide, the meshes became distorted and it became necessary … to find new methods of knotting to produce nets with meshes that retained their uniform shape.”13

In a sense the fishers of antiquity were in an arms race with the ropemakers. As rope improved, the fishers had to devise better ways of assembling their nets. Enter our old friend the Hercules knot, also called the square knot, reef knot, and, because it was widely used in Asia, the Chinese knot.14

Early on, fishers of Europe began using a slight variation of this knot called the weaver knot. This is similar to the Hercules knot, except that with one of the loops the line is crossed over and under, helping it to better bind the knot.

As often happens with humans making things, the method of weaving nets grew more sophisticated. It transitioned from using a ball of twine and estimating the mesh size by eye, or by using one’s fingers, to the invention of a needle designed for net making and a mesh stick for holding open the mesh to the proper size so it was more uniform.

Net types are legion, since over the centuries human ingenuity has devised many ways to corral, scoop, or snag fish. There are cast nets, lift nets, trawl nets, seine and purse seine nets, haaf nets, lave nets, trammel nets, gill nets, drift nets, and many more.




GHOSTS CAN KILL

Drift nets that are lost or abandoned can become so-called ghost nets. These nets wander through the sea and can catch on rocks or sunken wrecks and kill fish and other aquatic life for years. The overall problem of ghost fishing gear is officially called abandoned, lost, or otherwise discarded fishing gear (ALDFG) and is a huge issue for the health of the world’s oceans. A 2022 paper in Science Advances estimated the extent of the problem: “We estimate that nearly 2% of all fishing gear, comprising 2,963 km2 of gillnets, 75,049 km2 of purse seine nets, 218 km2 of trawl nets, 739,583 km of longline mainlines, and more than 25 million pots and traps are lost to the ocean annually.”15 In 2019 the Ocean Conservancy removed a “10-ton amalgam of nets, ropes, lines and lobster trap fragments” from the Gulf of Maine.16

Lost fishing gear is, unfortunately, only one aspect of a wider problem. Remember that the staggering number of nets, longlines, pots, and traps estimated to be lost each year represents only 2 percent of total deployed fishing gear—which means that there is a Brobdingnagian industrial effort going on worldwide to harvest fish.

From the start of marine fishing, the impetus has been larger fishing vessels and bigger nets. In the North Sea, for example, Dutch, British, and German fishers worked from large sail-powered fishing boats called luggers. Then the move was made to steam power: “In 1882 the first steam drifter was introduced to the Scottish herring fishery and many luggers were equipped with steam capstans to facilitate the hauling of the long ‘fleet’ of drift nets. In Scotland the fleet of steam drifters grew from 41 in 1898 to 943 in 1908.”17

Fishing boats changed to diesel power in the twentieth century, and many fish-catching vessels reached such large size they were no longer fishing boats but fishing ships. These large vessels can deploy gigantic nets that scoop up everything in their path. The process was further industrialized with the advent of the factory-processing ship that could follow a fishing fleet and process thousands of tons of fish at sea.

A famous example of overfishing was the collapse of the cod fishery on the Grand Banks off Newfoundland. The area was so overfished that in 1992 the Canadian government closed the fishery.18 As Mark Kurlansky wrote in his book Cod, “Just three years short of the 500-year anniversary of the reports of Cabot’s men scooping up cod in baskets, it was all over. Fishermen had caught them all.”19

Fishing boats have gotten so big that the largest have been dubbed supertrawlers. One of the largest is the Annelies Ilena, a Polish-flagged, Dutch-owned, 472-foot, 14,000-ton fish-catching machine equipped with its own processing equipment.20 These supertrawlers are not only large but they are well equipped with technology to pursue fish, such as radar, sonar, and access to realtime satellite imagery that shows sea surface temperatures. A factory fishing vessel like the Annelies Ilena is a far cry from Howard Blackburn’s 18-foot dory.



LOBSTER WRANGLING

Another fishing profession that is dependent on rope is the catching of lobsters in baited traps or pots. Probably the most iconic of these lobster fisheries is in Maine, which harvests the large-clawed Homerus americanus. Lobstering started early in the state (before it was even a state). An account from James Rosier, a crewman on a 1605 voyage to Maine by Captain George Weymouth, provides us with an idea of how plentiful the crustaceans were for fishing: “And towards the night we drew a small net of twenty fathoms very nigh the shore; we got about thirty very good and great lobsters … it sheweth how great a profit fishing would be.”21

To snag his or her catch, the lobster fisher sinks a pot attached to a rope. This rope ends in a buoy, which holds the rope to the surface. The buoy marks the spot so he or she can return and haul the pot. In the actual working of a lobster fishery, there are many pots and multiple buoys in each string or trawl of pots, and they are all connected by rope. One Maine lobsterman I spoke with, Thom Werner of Cape Elizabeth and Peaks Island, laughed when I asked him if rope was important and said, “I certainly have a lot of it and a lot of different types.”

While some lobstermen put down their pots in shallow water, Werner catches lobsters in water deeper than 180 feet. When I spoke to him in early spring he had his trawls set in 400-foot deep sections of Casco Bay. Overall, Werner was fishing with 37 trawls totaling 800 pots. Werner doesn’t just buy big coils of rope; he buys pallet loads of rope to make his 1/4-mile-long trawls. “To build a 20-trap trawl,” Werner said, “I’ll use a 1,200-foot coil and a half. That’s 1,800 feet of 1/2-inch rope.”

Lobster fishers in Maine and in other areas where the rise and fall of tide is substantial need to use enough rope so that their marker buoys aren’t pulled underwater at high tide. For lobster fishers working inshore in shallower water, they also need to make sure that at low tide the rope of the endline attached to the marker buoy doesn’t lay on the bottom, especially in rocky areas. “The endline will wrap around rocks,” Werner said, “and then you can’t get the line to release and you can lose your gear.” One way to help keep the marker buoy on the surface is to provide a little more flotation by using a small float attached to the downline. This small float is called a toggle. “It’s a five-inch-diameter buoy that’s submerged at high tide, but at low tide it provides enough flotation to keep the downline off the rocks,” Werner said.

A rope extends from the toggle to the downline, and for people on recreational boats, this toggle line can create something of a problem, especially in previous decades when lobster fishers used floating line to connect the toggle to the downline. If we run a boat between the marker buoy and the toggle, we can snag the toggle line, especially if the propeller of the boat is turning. In that case the toggle line can easily wrap around the prop shaft. (I’ve done it myself!)

The use of floating rope in the U.S. lobster fishery was restricted in 2009 with the expansion of the federal Marine Mammal Protection Act. This was enacted to help reduce the possibility of whales getting entangled in lobster-pot lines. Prior to the law change, lobster fishers would use floating line between the lobster pots on a trawl line. With 15 fathoms (90 feet) between pots, floating line can present an obstacle to marine mammals. “It creates a U,” Werner explained. “And when whales swim by they can catch the U in the jaws and get entangled.” Since the change, all rope connecting pots is required to be sinking line. Other new requirements included keeping the lines as free of knots as possible, hauling gear a minimum of every thirty days, and adding weak links to the rope mooring system so it breaks away should a whale get entangled.22 “I use 1,700-pound [breaking force] links made of plastic,” Werner noted. “If a whale engages, it breaks right away.”

In the next chapter we’ll delve into the darker uses for rope when we look at crime and punishment.








STRAND NINE
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CRIME AND PUNISHMENT



THE SAILING SHIP PILGRIM LAY at anchor off the dusty seaside village of San Pedro, California. It was the late winter of 1835, and the brig was on the West Coast collecting hides for shipment back east. Working as an ordinary sailor on the Pilgrim was Richard Henry Dana Jr., a Harvard graduate who had decided to go to sea after graduation rather than take the luxury “grand tour” of Europe more common for young people of his social station. Dana later wrote about his time as a merchant sailor in his 1840 book Two Years Before the Mast.

During his time on board the Pilgrim, Dana saw firsthand the power that a ship captain had over his crew. The captain’s word was law, and a hard-bitten skipper could badly mistreat his sailors and expect no one to oppose him. According to Dana, the Pilgrim had such a captain in Frank Thompson. The captain’s power was most cruelly evident when he decided to flog one of the ship’s crew members. “Swinging the rope over his head, and bending his body so as to give it full force, the captain brought it down upon the poor fellow’s back. Once, twice—six times. ‘Will you ever give me any more of your jaw?’ The man writhed with pain, but said not a word. Three times more. This was too much, and he muttered something which I could not hear; this brought as many more as the man could stand, when the captain ordered him to be cut down,” Dana wrote.1

Immediately after this punishment, a second flogging took place of a crewman named John who had objected to the captain about the flogging. After John was flogged and then cut down from the spread-eagled position, Thompson turned and harangued the crew, threatening them all: “I’ll make you toe the mark, every soul of you, or I’ll flog you all, fore and aft, from the boy up!” Dana wrote of John as doubled over in pain, with “his back covered with stripes and wales in every direction, and dreadfully swollen.”2

The floggings described by Dana were a frequent occurrence during the Age of Sail. Rope, in a departure from its constructive roles of rigging and sail control, took on a dark aspect as the key tool for meting out punishment on board.


THE FIRST HANDCUFFS

The simplest use of rope to deal with someone who had committed a crime was for binding the hands of prisoners. A person with their hands bound, especially behind the back, is less able to make a nuisance for his or her captors. The immobilization of the hands could also be done with iron manacles, but those were expensive and not as easy to carry as a length of rope. Native Americans sometimes used a special decorated cord for tying prisoners that not only fulfilled the practical need to keep prisoners under control but also carried a special ritual meaning: “Prisoner restraints … speak to the ceremonial significance of these objects. Of two different types [on exhibit], one features a central band adorned with porcupine quill embroidery and long, box-braided cords decorated with tin cones and red-dyed hair. The other, approximately 22 ft. in length, consists of a single box-braided cord woven from dogbane, or Indian hemp. It is decorated at intervals with porcupine quill wraps and finished at the ends with tin cones.”3

In Japan a type of martial art evolved for tying prisoners with rope called hojojutsu. This martial art evolved over time to become more elaborate, and also to reflect who was being restrained and why. “If a Taisho, or general, were captured, he would be tied up in a Taisho specific manner. If it was a soldier, then he would be tied with a soldier tie and a servant with a servant tie. The technique evolved so a person could tell at a glance the relative status of a prisoner by the way they were tied up.” As Fujita Seiko writes, “Eventually, the methods were refined beyond simply the class of person (samurai, merchant, craftsmen, farmer) to a system that had different rope and knot methods of each profession.… Further, the way the rope was tied would differ from crime to crime. Seeing how a prisoner was bound would indicate the severity of the crime, whether minor or serious.”4

We really needed to know our knot work when doing hojojutsu. There were some serious social pitfalls if we didn’t do the job right. The tied-up person just might come after us to redress the slight—and it might be a sword-wielding samurai: “If the wrong type of tie or restraining knot were used, the person who tied the knot would be mortified and the person being restrained would be insulted.”5



THE CAT COMES OUT OF THE BAG

The process of administering punishment with a rope on a ship was called flogging. The exact derivation of the word is unknown. It may have come from the words flagrum or flagellum, the notorious Roman whips—more on those devices below.

There were generally two types of rope punishment tools on sailing ships. One was called the colt, or a rope’s end. The flogging related earlier from Two Years Before the Mast was with a colt: “This is a piece of eighteen-thread ratline, or one-inch rope, and generally has one or two hard twine whippings upon each end. Twelve lashes with this, over a thin frock or shirt, gave greater pain and bruised the flesh more than the cat would have done … and there was no limit to the number of lashes, but just as many as it might please the officer to order—sometimes one, and at other times as many as three dozen.”6

The colt was carried by the ship’s bosuns or mates, sometimes coiled in a hat, when they worked the crew in sail handling or other tasks. There was no requirement for any judicial proceeding; the man in charge on deck could use it as he wished to enforce discipline, as punishment for a task not done to the bosun’s or mate’s liking, or by sadistic men simply because they enjoyed administering pain.

While the colt was used on an ad hoc basis, the official rope instrument for a flogging on board ship was the cat-o’-nine-tails, often referred to simply as the cat. An early use of this name in popular literature was by the English playwright William Congreve in his comedy Love for Love from 1695. The character Ben, who has spent some time at sea and is a bit rough and tumble, mentions the cat and its painful purpose to Miss Prue, his supposed future wife through arranged marriage: “But I tell you one thing, if you should give such language at sea, you’d have a cat-o’-nine-tails laid ’cross your shoulders.”7 Thankfully, Miss Prue is made of sterner stuff and won’t be threatened by a man she calls a “sea calf” and a “tar barrel”—the latter a reference, of course, to the smelly, sticky stuff used to waterproof rope.

The cat was a whip or flail that required no fancy manufacture—it was a product of the rope-rich environment aboard ships, where lengths of three-strand line of hemp or manila were readily available. The USS Constitution Museum in Boston has a cat in its collection that was originally from the Royal Navy. “It’s of English origin dating to the first half of the nineteenth century,” Kate Monea, manager of curatorial affairs at the museum, explained in an email. The cat is “from the J. Welles Henderson maritime collection auctioned in 2008.” The handle has a diameter of about 2.5 inches and has several braided bands of cordage around it that make it easier for the man administering the punishment to get a good grip. Some cats were also made by attaching the nine rope tails to a wooden handle.

The business end of the cat was made by unlaying the three-strand rope above the handle. Next, each of the three separate strands were untwisted into their separate yarns. These yarns were then retwisted into three lengths per strand. And three times three yields nine, the titular number of tails in this punishment device. When the yarns were retwisted for each tail, the twist was made tighter than in standard rope. This made the tails stiff and harsh, increasing their ability to inflict pain. Sometimes the tails ended in a knot or sometimes in cord whipping. These served the purpose of keeping the tails of the cat from untwisting.

An 1848–49 list of infractions by U.S. Navy sailors that drew floggings with the cat include some serious ones, like “throwing belaying pins at boatswain’s mate,” “smuggling,” “swindling,” and “endangering ship with fire,” and others that hardly seem like flogging offenses, such as “skulking,” “selling clothes,” and “hallooing on gun deck.”8

We saw how a merchant ship captain, as sole legal authority on board, could run his ship any way he wished without any recourse to legal niceties. On board naval vessels, however, flogging with the cat was couched in a legal framework. In both the British Royal Navy and the U.S. Navy, a court-martial was held and the accused needed to be found guilty of a specific charge. It could be for drunkenness, insubordination, sleeping on watch, or deserting one’s post. Samuel Leech, a sailor who served in both the British and American navies, wrote of Royal Navy flogging aboard the frigate HMS Macedonian in his 1843 book Thirty Years from Home:


The captain gives the word. Carefully spreading the cords with the fingers of his left hand, the executioner throws the cat over his right shoulder; it is brought down upon the now uncovered herculean shoulders of the man. His flesh creeps—it reddens as if blushing at the indignity; the sufferer groans; lash follows lash, until the first mate, wearied with the cruel employment, gives place to a second. Now two dozen of these dreadful lashes have been inflicted: the lacerated back looks inhuman; it resembles roasted meat burnt nearly black before a scorching fire; yet still the lashes fall.… Four dozen strokes have cut up his flesh and robbed him of all self-respect; there he hangs, a pitied, self-despised, groaning, bleeding wretch.9



We might think this would be the height of horror that a rope can impose on a poor sailor. But there was also the practice of “flogging around the fleet.” For particularly serious infractions, or maybe just to encourage the others to follow the rules, a sailor was taken around in a ship’s boat and flogged at each warship in turn. Below are some examples from the Royal Navy in the seventeenth century: “In 1673, a mutiny case produced five lashes at the side of seven ships; in 1675, abetting an assault on a senior officer led to nineteen lashes at each of six ships; while desertion cases in 1684 and 1687 produced, respectively, nine strokes at each of six ships (together with thirty-one more on the flagship), and twenty-one strokes at each of four ships.”10

Though flogging was still widely used in the early decades of the nineteenth century, it came to be increasingly seen as cruel and barbaric. The U.S. Army abolished flogging in 1812, but it took until 1850 for Congress to officially abolish flogging in the U.S. Navy.11 The Royal Navy kept up the lash until 1879.

There was another rope-based torture, however, that could be inflicted on a ship’s crewmen: the practice of keelhauling. William Falconer in his 1780 marine dictionary published in London attributes this practice principally to the Dutch navy.12 It’s not surprising for an English writer to take a shot at the Dutch, who were longtime English maritime rivals.

Keelhauling involved tying a sailor to a length of rope that was then reeved through a block at the end of the mainsail yardarm on, say, the port side. The rope was passed beneath the keel of the ship and taken up on a block on the other end of the yardarm on the starboard side of the ship. The poor sailor had a weight tied to him and was then dropped into the water to be dragged under the ship where his skin could be lacerated by sharp barnacles and his head clonked on the hull. He also, of course, needed to hold his breath until he was pulled out of the water on the opposite side of the vessel.

There seem to be few documented cases of this punishment being administered in the Dutch navy, perhaps for the obvious reason that there is a good chance of killing the sailor instead of merely punishing him.



ROPE STRETCH

Moving onto the land from the sea, there are many ways that rope has been used over the millennia to assist in torture, but one of the worst is the use of the device known as the rack:


Although many variations of the rack have been used throughout the centuries, the basic principle has always been the same. Victims’ hands are secured by ropes to a beam at one end, and their bodies gradually stretched by ropes attached to their feet. At first, they resist the stretching, not only with the muscles of their arms and legs, but also with their abdominal muscles. Then, suddenly, the muscles of their limbs give way, first in the arms and subsequently in the legs: the ligaments, and then the fibres of the muscles themselves, are torn. Further stretching ruptures the muscles of the abdomen, and, if the torture is continued, the limbs will be dislocated, and finally torn from their sockets.13



The rack was an equal opportunity torture instrument; it was used by the Catholic Inquisition and by the English Protestants serving Queen Elizabeth I. Everyone in Europe in the Middle Ages and into the Renaissance seemed happy to make use of this brutal device. During the Enlightenment, however, people began to speak out against torture as being immoral as well as ineffective. Voltaire wrote a commentary for both “French and English editions of Cesare Beccaria’s groundbreaking book Dei delitti e delle pene (‘On Crimes and Punishments’), first published in 1763,”14 that was influential in questioning the use of torture. The worst examples of the practice were abolished in Prussia in 1740 and in France in 1789.15 Rope was liberated from its use in torture devices like the rack.



THE WHIPPING POST

While rope was used on board ship for corporal punishment, on land its close cousin the whip was employed for the same purpose. A common type of whip was made by braiding together lengths of leather, but rope whips were used on land as well as sea.

The whip as a tool to control animals and people is likely as ancient as rope and cordage itself. Much the same as fiber-based rope, though, leather whips disintegrate over time and so no ancient examples remain. The ancient Egyptian god Osiris is usually depicted with two tools in his hands: the crook for managing livestock and the flail. A flail is an agricultural tool for threshing, separating grain from its husk. It can also be used as a weapon, however, similar to a whip. The Hindu god Yama or Kala, the lord of the dead, is often shown with a whip (or noose), which he uses to control the souls of the dead. One of the Greek goddesses, Nemesis (she who exacts retribution on human hubris), is depicted with a whip or scourge.

In the Gospels, Jesus has a two-sided experience with the whip, wielding one and later suffering under the blows of another. In the Gospel of John, Jesus becomes angry at the commerce occurring in the temple in Jerusalem and makes a whip out of cords to drive out the moneylenders.

In the story of his passion and death, Jesus is arrested and falls under the control of Pontius Pilate, Judaea’s Roman governor. After first questioning him, Pilate decides to have Jesus scourged. This was a severe whipping using a type of Roman whip called a flagrum or a flagellum. Both of these whips, or flails, had multiple lengths like a cat-o’-nine-tails. Unlike the cat, the flagrum had pieces of metal tied to the ends of the cords. The flagellum similarly had pieces of animal bone attached to its tails. Both devices ripped the flesh of the person being scourged, causing bleeding and trauma. Not only did this serve to greatly increase the pain and suffering of the victim, it also weakened them and helped ensure that a victim destined for crucifixion would die relatively quickly, since after a Roman scourging they were already well on their way due to blood loss and shock.16

The early English colonists to the United States brought whipping with them as a public punishment. Judicial whipping had become a widely used sentence in England in the 1500s and 1600s, the period when the Jamestown (1605) and Plymouth (1620) colonies were founded. “Given its ubiquity in day-to-day struggles for power, the whip might well serve as one of the better symbols of social relations in late sixteenth- and early seventeenth-century England,”17 and even as early as 1546, according to historical records. One account notes that “it became increasingly frequent over the decades that followed. By the time English assize records begin to survive in any quantity, from 1559, judges were ordering whippings for petty larceny. In Surrey, for example, from 1559 to 1603, assize judges ordered whippings for at least 147 of the 169 men and women found guilty of petty theft (or thefts downgraded to count as petty).”18

This employment of whipping by judges predominately fell on the lower classes since the aristocratic class was absolved from the lash no matter the crime. And these brutal sentences were imposed on both men and women. In the early 1600s, for example, “judges ordered that for bearing a bastard, Ann Laverack be whipped in ‘full market time … until her body be bloody.’”19

In colonial America and later after independence, public whipping continued as a judicial punishment for various crimes: “The whipping post was considered as indispensable in English and colonial American towns and villages in the seventeenth and eighteenth centuries.”20

Public whipping finally became less acceptable as the nineteenth century wore on. States began to remove their whipping posts and refrain from using it as a judicial punishment. It was abolished in New Jersey in 1866, in Kentucky in 1873, and the last whipping of women was in Virginia in 1875, when two women each received twenty lashes in Danville.21

Some jurisdictions adamantly hung on to their whipping posts, however. The city of Baltimore continued the use of whipping as a punishment for wife beating until 1938.22 The state that lasted longest with an official whipping post at its state prison was Delaware. The post at the Sussex Correctional Institute was called “Red Hannah.” On February 2, 1964, a New York Times article detailed that Delaware still had twenty-four offenses on the books that could be punished by up to sixty lashes. Delaware Superior Court judge Stewart Lynch argued in the piece that “public whipping is so extreme a humiliation for its victim that it may reform incorrigible criminals.”23 Apparently Delaware had a hard time distancing itself from this view because whipping punishments weren’t ended until 1972. Judge Lynch finished his term on the bench in 1968.

While whipping went slowly out of favor as a legal punishment for free citizens in most jurisdictions in the United States, African people enslaved in the American South did not benefit from this progressive thinking. Until their emancipation by the American Civil War, enslaved persons were brutally treated by the white slaveowners who loudly proclaimed a God-given right to own and abuse their fellow humans. For all their bluster about how slavery was the natural order of things, when it came to meting out punishments, many slave owners considered themselves too refined for such a task. The Southern elite relied upon their gang of plantation overseers. And the overseers’ enforcement tool of choice was the whip.

In his autobiography, My Bondage and My Freedom, Frederick Douglass describes the cowskin whip most favored by masters and overseers:


The cowskin is a kind of whip seldom seen in the northern states. It is made entirely of untanned, but dried, ox hide, and is about as hard as a piece of well-seasoned live oak. It is made of various sizes, but the usual length is about three feet. The part held in the hand is nearly an inch in thickness; and, from the extreme end of the butt or handle, the cowskin tapers its whole length to a point. This makes it quite elastic and springy. A blow with it on the hardest back, will gash the flesh, and make the blood start. Cowskins are painted red, blue and green, and are the favorite slave whip. I think this whip worse than the “cat-o’-nine-tails.” It condenses the whole strength of the arm to a single point, and comes with a spring that makes the air whistle. It is a terrible instrument, and is so handy, that the overseer can always have it on his person, and ready for use. The temptation to use it is ever strong; and an overseer can, if disposed, always have cause for using it. With him, it is literally a word and a blow, and, in most cases, the blow comes first.24



Charles Ball, a former enslaved African American who twice escaped and later wrote a book about slavery in 1837, noted what a terrible tool a whip could be for an overseer: “This whip in an unpracticed hand is a very awkward and inefficient weapon … [but] when wielded by an experienced arm, it is one of the keenest instruments of torture ever invented.”25

The cruel symbolism of the whip was celebrated by some plantation owners, such as those on St. Helena Island in South Carolina who exchanged whips as valued gifts. “The island gentry appreciated unmasked power to the extent that its ugliest symbol, the cowhide plantation whip, could be casually presented and received by men wishing to mark important occasions.”26

Even some ministers of southern churches, who might presumably be uncomfortable with the brutal treatment of fellow humans made in God’s image, were wholehearted advocates of whipping. One such was Methodist minister Rev. Daniel Weeden, whose philosophy of the whip is quoted by Douglass: “[I]t is the duty of a master to use the lash. If, for no other reason, he contended that this was essential to remind a slave of his condition, and of his master’s authority. The good slave must be whipped, to be kept good, and the bad slave must be whipped, to be made good.”27

A photograph of a man named Peter (or possibly Gordon, the historical record is unclear) who escaped slavery during the Civil War and reached U.S. Army lines in New Orleans shows the effects of brutal whipping by plantation overseers. Peter’s back is crossed with a tangled mass of scars resulting from being subjected to the whip. The scars, which are raised and shiny, drive home the savage nature of the whippings he and many enslaved people received. The image of Peter, taken by photographers William McPherson and J. Oliver, was published in Harper’s Weekly in New York in June 1863 and in other publications. It became a famous photo that was widely used by abolitionists who called for the eradication of slavery.

Though not directly involved in the ownership of slaves, many northerners profited from the peculiar institution. Some of the hemp used by northern ropemakers like the Plymouth Cordage Company came from the southern plantation economy, and “the efforts of slaves yielded … almost all of its sugar, rice, and hemp; and nine-tenths of its cotton.”28 Thus, some of the rope used as standing and running rigging and for every other use on board whaling ships, transatlantic packet ships, fishing schooners, and so on, was grown and harvested by enslaved people.



THE DEADLY SLIPKNOT

As we’ve seen above, rope was widely employed as a tool for binding and torture, flogging and whipping. The most iconic and unsettling image of rope used in crime and punishment, however, is that of the rope noose hanging from a gallows frame. From widely attended public executions in the seventeenth, eighteenth, and nineteenth centuries to 2021, when the January 6 insurrectionists built a crude gallows with a noose at the U.S. Capitol and chanted for Vice President Mike Pence’s execution, the image of rope and noose is a powerful one, freighted with deadly meaning.

The noose, with its stack of rope turns ending in a loop intended to cinch a human neck, is difficult to view without a shudder. Nooses invoke both the fear of judicial execution and of terrorist violence. The vicious history of the latter in the United States is a legacy of racist gangs murdering Black Americans by lynching. And today white supremacist groups attempt to terrorize people of color by displaying nooses or leaving them on the doorknobs of Black homes and businesses.

Technically a noose is a form of slipknot or a loop knot. The neck loop can be expanded so it is large enough to slide over the condemned person’s head and then secured tight against the neck.

Killing humans with rope likely goes back to the Stone Age when rope was first twisted. Constructing early rope was labor intensive, however, and it may not have been strong enough to reliably heft the weight of a human without breaking. It was undoubtably easier to bash an enemy in the head with a big rock or throw them off a cliff. If early ropes were used at all they might have most often been employed as a garrote to strangle a victim.

In the ancient world, hanging was just another option alongside beheading, crucifixion, impalement, cliff tossing, being crushed by heavy weights, burning, sawing in half, drowning, and many others. The Romans had a thing for crucifixion. It was their preferred way for killing members of the lowest classes, slaves, and conquered peoples. Upper-class Roman men, however, were expected to kill themselves via the blade—the noose was considered unmanly by the macho and sexist Romans. Hanging, the fourth-century writer Latinius Pacatus Drepanius wrote, was inusta femineae mortis infamia, or “the infamy of a woman’s death.”29 One of the ways that the writers of the Christian gospels, composed in a time of Roman domination of Israel, conveyed the lowliness of the actions of Judas Iscariot in betraying Jesus is by including that he hanged himself.

After the Roman emperor Constantine converted to Christianity in the fourth century, he banned execution by crucifixion. As a result of Constantine’s ban and the spread of the faith in Europe, hanging experienced something of an upswing: “By the eleventh century The Vocabulary of Archbishop Alfric indicates that hanging executions had become common and public.”30 Given human penchant for variations on a theme, hanging people upside down by their feet was also used in France, Spain, and Germany in the Middle Ages (where it was called “the Jewish punishment,” although people other than Jews were also executed this way). Sometimes a fire was lit underneath the unfortunate condemned to speed the process of death. Sometimes they were hanged along with two dogs, one on either side.31

In England, hanging from the neck went from just another method of execution to the favored method, although beheading remained for a while—witness Mary Queen of Scots’ execution in 1587. Sadly for Mary, the headsman on duty required several strokes to sever the queen’s head.

Hanging for pacifying a rebellious countryside was the method of choice for Elizabethan forces in Ireland led by Sir William Pelham in putting down the Desmond rebellions from 1569 to 1583. According to one account of the time, “Mass execution was difficult during the sixteenth century.… Swords and halberds were then cast of softer metals; they dulled quickly on bone and gristle, and no army ever possessed enough powder and ball to execute neighborhoods efficiently. Therefore, Pelham relied wherever possible on hanging.”32

Public hangings to carry out judicial verdicts became a community event in England, with hundreds or thousands turning out to witness. In 1650 in Newcastle, fourteen women and a man were accused of being witches and publicly hanged on the town moor.33

Hanging became so favored in England that in the period from roughly 1688 to 1815, the number of capital offenses—those that could result in hanging—steadily increased. This list of crimes was later called the Bloody Code. As one history observes, “Of the appalling total of 160 capital offences referred to by Blackstone [who wrote a treatise on English law], four-fifths were made so during the reigns of the first three Georges, and the number rose to 222 before reforms began.”34 Capital crimes included murder and manslaughter but also robbery, theft, and counterfeiting, and even such minor offenses as robbing a rabbit warren or cutting down a tree.35 “London … executed more felons than any other city or region in the western world,” notes John Walliss in Bloody Code: “an estimated 584 persons in just the years 1775 through 1786 (or almost one execution per week).”36

And even two decades into the nineteenth century, the pace of executions remained brisk: “In 1820 no fewer than forty-six persons were hanged for forging Bank of England notes, some of which were afterwards found to be good.”37 And this proclivity for the noose wasn’t restricted to adults. As Walliss pointed out, “As late as 1831 a boy of nine years was publicly hanged at Chelmsford for having set fire to a house at Witham.”38

Luckily, judges and juries were not zealous to execute their fellow citizens, and the code was not always uniformly enforced. As legal reformer Sir James Fitzjames Stephen put it in 1863, “If this blood thirsty and irrational code had been consistently carried out, it would have produced a reign of terror quite as cruel as that of the French Revolution.”39

The first English colonist to be hanged in North America was “likely David Frank, hanged in 1623 for stealing a calf in Virginia.”40 Up north in the Massachusetts Bay Colony, John Billington, who had arrived on the Mayflower, was dispatched in 1630 for murder.41

The methods used in the era of the 1600s and 1700s were nothing like the attempt at systematic execution that later evolved in the nineteenth century. Seventeenth- and eighteenth-century hangings in Britain and North America used three methods: the ladder, the cart, or the haul.

All of the methods require something from which to hang the rope. A stout tree limb worked for rural areas, but larger settlements made use of permanent gallows, usually a wooden beam on two uprights. The city of London had so many hangings on the docket that in 1571 a distinctive three-sided structure called the Tyburn “triple tree” was built that allowed for dispatching multiple condemned at once.42

Since ladders were needed for the executioner to reach the gallows crossbeam and secure the rope, executioners often made use of a ladder for the execution itself. The condemned had the rope around his or her neck and were made to climb the ladder. When they got about halfway up, the rope was pulled tight, then “he was launched into space by the hangman’s assistant, who simply turned the ladder over.”43 The condemned was said to be “turned off.”

With the condemned flying off the ladder like this, the person’s weight would have caused the body to swing back and forth like a grisly pendulum. A 1725 London slang dictionary, which claimed to include “All the Terms, Ancient and Modern Used in the Several Tribes of Gypsies, Beggars, Shoplifters, Highwaymen, Foot Pads, and all other Clans of Cheats and Villains,” has an entry for “swing” as a term for hang. It also provides a usage example: “‘Here, Prigg, to your easy swinging,’ said over a farewell glass to a rogue going to be hang’d.”44 Sometimes the fall from the ladder was sufficient to break the condemned’s neck, but more usually they swung and strangled. One woman, Dorothy Talbye, who was executed in Boston in 1639, “was able to catch the ladder with her legs as she swung and break the force of her own drop.”45

Given that a public hanging was in part designed to demonstrate the power of the state and act as a deterrent, executions were often made into a show with a procession from the jail to the gallows. The condemned were transported in an open wagon, a type of two-wheeled cart called a tumbrel—which in agricultural use was often used to haul manure. The wealthy or aristocratic condemned “were permitted to ride in their own coaches … but on their arrival at the gallows they were placed in one of the carts and hanged like the rest.”46

At the gallows the rope was cinched around the neck of the condemned and the cart removed, leaving the person supported only by the rope with the unpleasant result. Sometimes the hangman, his assistants, or even friends of the condemned would pull down on the legs of the person to try to speed the end.

The final method of hanging had the rope thrown over a tree limb or gallows crossbeam before the noose was placed around the neck. The hangman and his assistants then hauled the person up into the air like they were raising a flag on a pole.

In cases of hanging with natural fiber rope, there were times when the rope was rotten inside and, when put under load with the weight of the condemned, it broke. In most cases, unfortunately, this was not a get out of jail free card. Another rope was found and the execution was tried again.

Sometimes the person to be executed wasn’t an ordinary criminal and there were political considerations. In the case of the hanging of the abolitionist John Brown for his raid on the federal arsenal at Harpers Ferry in 1859, various proslavery states competed to have a rope from their state used. Missouri, Kentucky, and South Carolina all sent hanging ropes to Virginia. Zeb Ward, a former Kentucky prison director, wrote that he had Kentucky’s rope made in the prison at Frankfort “for the express purpose” of executing Brown. The candidate ropes were tested and Kentucky’s was chosen, with “the victorious rope … displayed in the sheriff’s office the week before the hanging.”47



THE LONG DROP

The obviously horrible result of these types of hanging is that they usually relied on strangulation to kill the condemned person. The condemned would kick and convulse, their eyes bulging and their tongues forced from their mouths. It could take some time before the person finally expired, and “the agony of slow suffocation without loss of consciousness could last up to twenty minutes.”48

Over time the idea emerged that hangings could be less ghastly by making use of gravity to produce a sudden death. By dropping the condemned person in a more systematic way, the resulting force would more reliably snap the spinal cord between the second and third vertebrae—the so-called hangman’s fracture—and thus the condemned would theoretically not suffer. The solution, it appeared, was a scaffold with a trap door. The condemned person stood on the trap, the support was removed, the door opened, and down the person fell until the rope brought him or her up short. Boston used a scaffold and trap as early as 1694.49 In London, the triple-tree gallows was replaced in 1759 with a scaffold and trap, although there was some concern that the arrangement was “too aristocratic for common vagabonds.” Lord Mayor Sir Peter Laurie was of the opinion that low-class criminals deserved the “tortured asphyxiation” of Tyburn’s traditional triple tree.50

The adoption of the scaffold and the trap was an improvement of sorts as it did lead to more broken necks and thus quicker deaths than the previous methods. There were still, unfortunately, too many cases where strangulation was the final word. Later studies confirmed this: “A mass autopsy of English murderers executed between 1882 and 1945 … found only six cervical fractures in thirty-four cases. An older study of sixty-five hangings conducted in the United States between 1869 and 1873 counted only six complete fractures and four partial fractures.”51

Nineteenth-century executioners decided they needed to apply more force to more consistently produce the hangman’s fracture. They tried to achieve this by using what was called the long drop. A longer length of rope from a higher scaffold would allow the condemned to fall farther, thus producing the necessary kinetic energy. An early proponent of the long drop was the Irish doctor Samuel Haughton. In 1866 he published his formula for calculating the proper length of the rope: “divide the weight of the patient in pounds into 2240 and the quotient will give the length of the long drop.”52 A British executioner named William Marwood took Haughton’s ideas further: “Marwood revolutionized hanging by making its purpose death by rupture of the spinal cord instead of by strangulation.”53 Between 1872 and 1883 he devised a table of heights and weights and the corresponding drop required, anywhere from 7 to 10 feet.

Marwood and his successor James Berry relied on their tables but also used subjective judgments, such as the musculature of the neck and the condemned’s overall physical condition, to decide on the length of the rope and thus the drop—a longer drop for those of lesser weight and a shorter drop for those of greater weight. While Marwood’s and Berry’s tables were generally an improvement, they were no guarantee of a proper execution. Sometimes Berry miscalculated and the result was particularly ugly. In 1885 Berry executed a man named Robert Goodale in Norwich Jail. Goodale was roughly 210 pounds but in poor physical condition. Berry gave him a drop of 5 feet, 9½ inches, which he considered a good estimate. Goodale fell through the trap and was decapitated, his head falling to one side of the pit and his headless body to the other. The rope had cut right through poor Goodale’s neck. Berry passed out at the sight of the bloody mess and had to be carried away by prison guards.54

In the United States, Marwood’s and Berry’s tables were not widely used, but rather a “standard drop” of between 4 and 6 feet was common. U.S. executioners were evidently not interested in weighing and measuring prisoners and consulting tables. The U.S. Army did not incorporate a table in its execution field manual until 1947.55



MASS EXECUTIONS

The largest mass hanging in North America was at Gainesville, Texas, in 1862 during the American Civil War, when Confederate authorities hanged forty-one suspected pro-Union sympathizers, most without a trial, or with only a perfunctory one. Also in 1862 during the Civil War, Abraham Lincoln’s government hanged thirty-eight men of the Dakota tribe who had engaged in an uprising against settlers encroaching on Dakota lands. The mass hanging took place in the small town of Mankato, Minnesota, on a single large gallows.

As the electric chair and the gas chamber became the new methods for executions in the United States in the twentieth century, judicial hanging fell out of style. The last U.S. public hanging was of Rainey Bethea in Owensboro, Kentucky, in 1936. His execution drew an estimated crowd of twenty thousand.56 The last hanging conducted in a prison was that of Billy Bailey at the Delaware Correctional Center in Smyrna in 1996.57 Gary Tuchman, a media witness to Bailey’s execution, later said, “It doesn’t matter how you feel about the death penalty, when you see something in this fashion it’s quite shocking to the system … for many days afterward I had a tough time sleeping. It stays in your mind a long time.”58 The last two U.S. states to have hanging as an option (along with lethal injection) were New Hampshire and Washington. As of 2024, both states have abolished the practice.59

One of the more historic days of multiple hangings took place on December 13, 1945. Thirteen Nazi war criminals, condemned to death by a British army court, were executed at Hamelin Prison in Germany. Included in the group were Josef Kramer, former commandant of the Bergen-Belsen concentration camp, and Irma Grese, a female guard at the camp who was a vicious and committed Nazi to the end—she spent the night before her execution singing Nazi songs. Conducting the hangings was Albert Pierrepoint, a British executioner who had conducted many executions of British criminals before the war. Pierrepoint was tasked with executing three women prisoners, including Grese, and ten men, including Kramer, all in one day.

On December 12, Pierrepoint weighed and measured the condemned Nazis and set to work making his calculations of the proper drop for each. Unlike American hangings, in Britain it had long been the practice of using a metal ring spliced into the end of the rope in lieu of a noose. The rope was passed though the ring and then led up to be tied off at the scaffold crossbar. The weight of the condemned worked to cinch the loop up tight as the prisoner fell. Beginning at 9:30 A.M. Pierrepoint executed the first female prisoner, with the other war criminals hearing the drop from their nearby cells. “By 10:38 all three women had been hanged and Pierrepoint … paused for a cup of tea.”60 He then proceeded to hang the ten men, two at a time. Kramer was among the first two. After dispatching four, Pierrepoint had lunch and then conducted the final six executions, finishing by 4:30 P.M.

Even after his thirteen-drop day, Pierrepoint was not done at Hamelin. Between December 1945 and October 1948, he executed an additional 178 Nazi war criminals.61 He also executed thirty-five convicts who were arrested and tried for crimes during the British occupation of postwar Germany. In 1955 the prison was closed and later some of its buildings demolished. Today the remaining structures are used as a hotel.

When the Allies needed a hangman to execute the eleven major Nazi war criminals convicted by the Nuremberg War Crimes Tribunal in October 1946, rather than choosing the highly experienced Pierrepoint, they picked U.S. Army Master Sergeant John C. Woods. Sergeant Woods had become the official U.S. Army executioner in Europe from 1944 to 1945 and had handled multiple hangings of U.S. servicemen during that period. Woods got the job even though he had lied about his previous experience as a hangman, claiming he had participated in hanging executions in Texas and Oklahoma, when both those states actually used the electric chair.

Eleven Nazis were convicted and sentenced to death at the tribunal. The most famous of the group, Hermann Göring, never felt the noose, however. He bit into a poison capsule and died in his cell. Time magazine reported that on the same night that Göring died, near Nuremberg’s Old Imperial Castle, “a band of German children hung Göring in effigy. Then they burned the makeshift scaffold and silently marched around the fire, watching it scatter weird shadows among the rubble.”62

For the October Nuremberg executions, Woods used a separate prestretched rope for each man.63 And unlike the somewhat more progressive British approach of using the metal ring and the long drop, Woods tied a traditional hangman’s knot—“I like what I call the Thirteen Knot noose”64—and ignored the long drop. Nearly all the Nazis died by strangulation and not broken necks. Woods, who was unperturbed by his role and who ate a hearty dinner that night after it was done, remarked following the last drop, “Ten men in 103 minutes. That’s fast work.”65



LYNCHING

During the time of slavery in the American South, the hanging of rebellious enslaved people was an opportunity for slaveowners and overseers to drive home the point that resistance to their regime came at a high cost. Masters made their enslaved people assemble and watch these hangings to further terrorize them into subservience. After the Civil War, white supremacists in the South engaged in a campaign of terror and murder, echoing the slave masters’ techniques, to keep Black Americans subservient to white society. Terrorist organizations like the Ku Klux Klan arose and “intimidated whipped and murdered … anyone who might support or benefit from federal Reconstruction policies.”66

As Reconstruction faded away, the level of violence only increased. From the 1880s through the first decades of the twentieth century, rope sadly became the primary tool of savage white mobs as they engaged in lynchings, mainly in the South but also in the Midwest. These examples of brutality and murder took place at a horrific scale, and “between 1882 and 1940 approximately 4,000 were recorded.”67 There may have been thousands more victims whose deaths were never officially noted. The Equal Justice Initiative in Montgomery, Alabama, calls these deaths “terror lynchings” to highlight both the psychological as well as physical violence inflicted on Black Americans. While they sometimes were killed based on accusations of having committed a crime (often a false accusation never investigated or tried in court), they were also “lynched for violating social customs or racial expectations, such as speaking to white people with less respect or formality than observers believed was due.”68 An example of this murderous behavior is when “white men lynched Jeff Brown in 1916 in Cedar Bluff, Mississippi, for accidentally bumping into a white girl as he ran to catch a train.”69

The name for extrajudicial hanging derived from the actions of Charles or William Lynch (who are cited in some sources as relatives). They were Virginians who during the American Revolution used various methods to attack American Loyalists to George III. Lynch’s gang didn’t usually hang Loyalists, but rather whipped, beat, or tarred and feathered them.70 Later the term lynching lost its other associations and condensed to mean murder by hanging.

Some of the lynch murders of Black Americans were carried out by small groups who hanged their victims from trees along public roads where passersby would see the bodies and get the hateful message. Photographs of these lynchings show the victims hanging from a stout limb, hands tied behind their backs, and the rope often knotted in an amalgam of knots and turns instead of the classic noose.

In the 1890s, however, a new type of lynching evolved, one that NYU sociologist David Garland calls a “public torture lynching.” “Southern crowds began to torture and burn alleged offenders with unprecedented ferocity and public ceremony. These new kinds of lynching continued in small towns and rural areas throughout the South until the end of the 1930s. The exact number of these ‘public torture lynchings’ is uncertain, but … several hundred … were spectacular events of this kind.”71

Professional photographers brought their cameras and set them up on tripods to get a good shot. Not only was the tortured, sometimes burned body of the victim hanging from the rope included, but members of the public crowded around the victim, pushing close together to make sure they got into the photo. None of the crowd masked or hid their identities; they brazenly looked at the camera, some even smiling. Postcards were made from the photos and did a brisk business. As David Garland wrote:


Images of mutilated black bodies, some of them horribly burned and disfigured, were purchased as picture postcards, and passed between friends and families like holiday mementoes, dutifully delivered by the U.S. mail. One postcard, with a photograph showing a large crowd in downtown Dallas, is addressed to “Dr. J.W.F. Williams, Lafayette, Christian County, Kentucky” and reads: “Well John—This is a token of a great day we had in Dallas, March 3rd [1910], a negro was hung for an assault on a three-year-old girl. I saw this on my noon hour. I was very much in the bunch. You can see the Negro hanging on a telephone pole.”72



The 1890s Black American journalist Ida B. Wells wrote extensively against lynching and went on numerous speaking tours to rally support for cracking down on the practice. She helped found the National Association for the Advancement of Colored People (NAACP) in 1908 after racial violence in Springfield, Illinois. In 1908 the postmaster general of the U.S. Postal Service banned the sending of lynching postcards under the Comstock Act, which prohibited the sending of obscene material through the mail. Lynchings did fall in number during the First World War years but rose again in the 1920s. In 1930 the Association of Southern Women for the Prevention of Lynching was formed. Popular opinion in the white majority finally was moving against lynching, and “by 1937, Gallup polls showed overwhelming white support for antilynching legislation.”73

As groups like the NAACP lobbied and protested against lynching and worked to get legislation passed in the U.S. Congress, the demographics of the South changed, with more Black Americans moving to the Northeast and the Midwest in what has been called the Great Migration. With that change and other factors, lynchings fell off in the 1950s.

In April 2018 the National Memorial for Peace and Justice opened in Montgomery, Alabama, to memorialize the thousands of people lynched in U.S. history. The memorial, which sits atop a grassy hill, has 805 steel rectangles that represent each of the U.S. counties in which there was a documented lynching. The rectangles hang from the ceiling on steel poles in an abstract representation that conveys the overwhelming scale of the killings.

In the next chapter we turn from the tragic, violent use of rope toward an entirely different way of making the many strands of rope. It was an invention that revolutionized the very concept of cordage.
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WOVEN METAL



IF WE STOOD ON THE Brooklyn side of the East River in 1878 and gazed west, lower Manhattan would lie before us—a bustling hive of four- and five-story buildings, with only a few reaching higher. The loftiest point on land would be Trinity Church, its 1846-built spire rising 281 feet from the street. But at the water’s edge we’d notice something new to challenge Trinity’s steeple: a stone tower with two neo-Gothic arches along with a matching tower just off the Brooklyn shore. These two 276-foot-tall stone structures were the towers of the then-abuilding Brooklyn Bridge.

In our trip back to 1878, the towers would have been finished, and project chief Washington Roebling, his engineers, and workers would have been toiling at spinning the main cables to cross the river, held aloft by the two towers. It was from these 15-inch-diameter main cables that the bridge deck would be suspended. The main cables were assembled from many long strands just like any rope. In this case, however, the strands were not made from hemp fibers, but instead from “yarns” of steel. Cordage made from metal wire is called wire rope, and without its great strength the Brooklyn Bridge could never have been built.

On Friday, June 14, 1878, five men were atop the Manhattan-side anchorage structure, 80 feet above the street. The anchor is a massive stone construction to which the four main bridge suspension cables are attached. Like the corresponding anchor on the Brooklyn side, the Manhattan anchor works with the two towers to keep the main cables suspended above the river.

The men atop the Manhattan anchor—master mechanic E. F. Farrington, along with workers Thomas Blake, Harry Supple, and two men named Arberg and McGrath1—were working to attach the newly spun sixtieth strand to a huge steel angle iron that protruded from the innards of the anchorage. From this end that was only inches away from being connected to the Manhattan anchor, we can trace the strand back up and over the Manhattan tower, then down in a graceful catenary curve over the river before going up over the Brooklyn tower and then down again to where it was already attached to the Brooklyn-side anchor.

The strand was under 75 tons of tension and so the men were using a steam-powered windlass to slowly draw the wire close enough to the big angle iron so they could attach the strand. They had a rope running through the eye at the end of the strand, and by pulling on the rope with the power windlass, they could inch the strand forward. Given the huge forces involved, the rope they used to pull the strand, called a fall rope, was also a wire rope, made of steel.

Only a few minutes before, thirty men were working atop the anchor, but master mechanic Farrington had sent most of them down to have their lunch.2 At roughly 12:05, as the men on the anchorage watched the strand slowly move forward to its permanent attachment point, one of the five noticed something was very wrong. David McCullough described what happened next in The Great Bridge:


One of the men suddenly cried out that a segment of the fall rope had parted. But the words were no sooner out of his mouth when the whole thing let go. The fall rope had snapped with a deafening report.

It was all over in an instant. Farrington, who had been knocked down by something, but not hurt, looked about to find that only the jagged ends of the fall rope remained. Blake was dead. McGrath and Arberg were bleeding badly and clearly in terrible pain. The remainder of the rope, the pulleys, and the strand had disappeared. And so had Harry Supple.3



Released from its bonds, the strand recoiled toward the Brooklyn tower. As the wire flew, it instantly severed a telegraph pole and sliced through a brick chimney. The strand, all its stored energy transformed in a heartbeat into kinetic energy and moving so fast as to be all but invisible, made a “hissing noise that sounded, one man said, more like a skyrocket taking off than anything he had ever heard.”4 The whipping strand covered the 500 feet to the Manhattan tower in an instant, smashing a pile of rowboats that had been stored there. Only a few feet from the boats sat the work gang that Farrington had sent down to eat lunch. Luckily, the strand just missed slicing through the group. That part of the strand extending 1,500 feet over the river now had no support, and it fell into the water all along its length, sending up a splash said to reach 50 feet high. The water falling back to earth soaked the people on the Fulton ferry, which was passing where the strand fell.5

The force of the breaking steel rope had knocked Supple off the anchorage, and he fell 80 feet to the ground, his back, legs, and arms broken and his chest torn open. He lingered for less than a day.6

Later, when Farrington and the other engineers examined the remains of the accident atop the anchorage, they determined that the fall rope—which had been tested to handle loads six times the load that it carried when pulling the strand—had slipped out of alignment and was cut by the sharp edge of one of the pulleys as it was pulled by the winch. That damage was sufficient to make it suddenly fail and take Blake’s and Supple’s lives.

Even though the deadly accident drew heavy criticism in the press, the project continued. Under Washington Roebling’s direction the bridge successfully opened on May 24, 1883. The construction process ultimately took the lives of some twenty workers, including Washington’s father, John Roebling, the bridge’s chief designer. The soaring linkage between Brooklyn and New York was the longest suspension bridge built at the time and was hailed the Eighth Wonder of the World. As one writer at the time boasted, “with the completion of this bridge, the continent is entirely spanned, and one may visit, dry and shod and without the use of ferry boats, every city from the Atlantic to the Golden Gate.”7



BORN IN THE MINES

The idea of using metal wire as the yarns and strands of rope rather than plant fibers had its first practical application in the mining pits in Germany’s Harz Mountains during the early nineteenth century. Both hemp rope and iron chain were used to raise buckets of mined material, and both had their problems. The ropes rotted in the damp environment and had to be replaced frequently, and the chain was susceptible to sudden failure.

In the 1830s an engineer named William Albert did studies of iron chain loading and noted that repeated loadings led to failure—the first known research on metal fatigue. A single link breaking in an iron chain rendered the chain useless. Albert wondered if there was a way to use the superior strength of metal, but not as chain. “He realized the advantage of the hemp rope, in which the load bearing elements are in parallel arrangement,” one account of the history of wire rope notes, “but he also saw the advantages of the higher tensile strength of the iron chain. His attempt to combine the advantages of these two hoisting means marks the very birth hour of the wire rope.”8

Albert experimented with hand-twisted lengths of iron: “Four lengths of wrought-iron wire, all the same size, were twisted by hand to make a strand. Next, three … identical strands were twisted around each other in a similar manner to make a rope.”9

His wrought-iron-wire approach was a marked improvement over fiber rope or metal chain. A big advantage of wire rope was that under the working loads imposed by the mining buckets, if a wire within a strand broke it lowered the overall strength of the wire rope but didn’t render the entire length unusable.

In the 1830s making wire for use in wire rope was a tedious manual process. Later, water-powered drawing benches were used. These were equipped with capstans that grabbed the iron prewire and pulled it through a die. The newly drawn wire was collected on a take-up reel for twisting into rope.

When Albert tested his new wire rope in July 1834 it performed successfully: “It was tried out in the 484m [1,588 feet] deep shaft of Mine Caroline near Clausthal.… It had six times the load capacity of a hemp rope of the same diameter and four times the load capacity of a chain eight times its weight. On the drum it required only one third of the space a chain would need.”10

Albert chose to arrange the wires in the rope in a way that allowed them all to be in view, allowing easy inspection of the rope. Operators could see if any of the wire “yarns” had broken or if the wires were corroded. Albert published a detailed article in the German mining journal Karstens Archiv, and it spurred activity in other countries where inventors were similarly working on wire rope.11

To get a better idea of what Albert was up to, I spoke to Roland Verreet, a German engineer and wire rope expert who wrote one of the first software programs for designing wire rope. Verreet has worked all over the world on wire rope projects and often gives talks on wire rope (in the industry he’s been dubbed “The Rope Pope”). Verreet pointed out that Albert’s first wire rope design (three strands of four wires) wasn’t all that well suited for easy handling or going through pulleys.

“He immediately understood, this is not round,” Verreet said, “it’s like a triangle. So he then made a four-strand rope, which is already a little bit more round. And then finally they ended up with six outer strands. And that became, more or less, the world standard for general purpose ropes. The vast majority of all wire ropes are six strands.”



IRON RIGGING

In Britain in the mid-nineteenth century, an inventor named Andrew Smith was developing wire rope for use in standing rigging for ships. Remember that hemp rope was used for the rigging to keep masts standing and it stretched over time, requiring the use of deadeyes so the rigging could be tightened. Replacing hemp with wire meant that standing rigging would be virtually stretch-free.

Smith obtained some early patents on wire rope manufacture and also designed wire rope for standing rigging. He had a bitter rival in another wire rope pioneer, Robert Newell, who had come up with machinery to make wire rope. In the 1840s the two men clashed over a new ship being built by a British engineer and entrepreneur with the fabulous name of Isambard Kingdom Brunel. An energetic and imaginative thinker, Brunel had achieved fame for building the Great Western Railway that linked London with the port of Bristol and for designing the primarily steam-powered 234-foot SS Great Western, the first steam vessel designed for regular transatlantic travel. Brunel’s next ship was another vessel with steam engines as the prime mover, the 322-foot SS Great Britain. It had an iron hull and screw propeller driven by two 500-horsepower steam engines. Steam power had yet to entirely prove itself by 1843, however, so the Great Britain had three masts and could sail if necessary.

It seemed at first that Smith’s company would be the likely provider of the standing rigging for the Great Britain. Newell, however, devised several better methods for making wire rope and gained the upper hand. His iron wire rope was chosen for use on the London and Blackwall Railway over Smith’s product. Newell prevailed again and provided the wire rope for the Great Britain’s rigging. Smith’s firm, which had engaged in numerous patent infringement lawsuits against Newell and others, was out-innovated and went bankrupt in 1849.12

The Great Britain’s early career was checkered with problems, including losing propeller blades, running aground off the coast of Massachusetts, and later going hard aground at Dundrum Bay in Ireland, where the ship was stranded for almost a year.13 The cost to refloat the Great Britain drove Brunel’s company into bankruptcy, and the Great Britain was sold for salvage. The new owners refitted the ship, increased the number of passengers it could carry, and ran the Great Britain between the United Kingdom and Australia for many years.14

Even with the travails of the Great Britain, wire rope rigging’s advantages over hemp were obvious. As the nineteenth century progressed, ship’s hulls were increasingly built of iron and later steel; steel was used for masts and yards, and steel wire rope was used for their standing and some of their running rigging. As steam power became increasingly robust and reliable, the number of sail-powered commercial vessels declined. The end of the Age of Sail, however, saw several huge sailing ships built and operated on long bulk-cargo runs. Unlike the creaking wooden ships with stretchy hemp rigging of earlier times, these ships were powerful industrial machines with massive forces on the rig produced by towering masts and extensive spreads of sail. Some were equipped with steam-powered winches to aid the crew in handling the heavy yards and large sails.

One of the largest of these steel behemoths was the German ship Preussen, built by the Ferdinand Laeisz company of Hamburg and launched in 1902. Preussen was 480 feet long overall (406 feet on deck), 5,081 gross tons, and carried five square-rigged masts. Sailors had to climb 190 feet from the deck to reach the mastheads of its three tallest masts. The ship was equipped with forty-seven sails that spread 73,000 square feet of canvas. With enough wind, all that sail area could drive the ship at twenty knots—faster than many steamships of the era.



ROEBLING’S WIRE

The wire rope John Roebling ultimately used for his Brooklyn Bridge design began with something called a portage railroad (a classic nineteenth-century scheme). Roebling was trained in Germany as an engineer and had immigrated to the United States in 1831. He initially tried his hand at farming but found it unsatisfying; he realized he was an engineer at heart. By 1841 Roebling was working for the State of Pennsylvania conducting railroad surveys. One of these railroads was the 36-mile-long Allegheny Portage Railroad. The Erie Canal had opened in New York state in 1825 and was hugely successful. Pennsylvania was determined to compete with New York, but the state was split by the Allegheny Mountains, so there was no easy way to build a cross-state canal. The rise in elevation made a system of locks unworkable, both from a commercial and engineering standpoint. The solution was to build the portage railroad and haul the boats over the mountains on railroad flatcars.

The project began in 1831 and was completed in three years, stretching from Hollidaysburg east of the Alleghenies to Johnstown on the western side of the mountains. It comprised ten inclined planes. At the top of each plane were two 35-horsepower steam-driven engines set in a fixed engine house.15 After a barge was loaded aboard a flatcar it was dragged upslope on one side of the mountains and lowered down on the other. The portage railroad helped reduce travel time between Philadelphia and Pittsburgh from twenty-three days by road to four days.16

To haul the flatcars, the stationary engines connected to them via thick hemp ropes. The first ropes used were “of Kentucky hemp, 6½ inches in circumference, but they were found inadequate to the work demanded of them, and hawsers of 9 inches in circumference were substituted for them. Some of these hawsers were over a mile in length and cost nearly $3,000.”17 As the ropes became frayed they required replacement, at substantial expense. Roebling saw this and got to thinking. “He had read in some foreign scientific journal that a German wire-worker had conceived the idea of twisting a number of wires together in one strand and thus producing a wire rope of great strength and flexibility.”18 He proposed to the State Board of Public Works that it switch to using wire rope. After a bit of back and forth and some “that’s not the way we’ve always done it” talk, the board finally contracted with Roebling to make a single wire rope for testing. Roebling and a team built the rope on his farm in Saxonburg, Pennsylvania. It worked just as Roebling predicted, and all the hemp ropes on the railroad were replaced with wire rope. He also sold wire rope to the Morris Canal in New Jersey, where a similar portage railroad was operated, as well as other portage systems.19 The metal-based cordage’s fame quickly spread. Charles Schlatter, superintendent for the harbor of Chicago, wrote to Roebling in 1843, “I do assure you that we all … have the wire rope fever, and we are planning many ways to introduce [it] upon the Lakes.”20 Wire rope was the new thing.

Wire rope began to be used for suspension bridges as well. Iron chain had previously been employed for building suspension bridges, notably the bridge at the Menai Strait in Wales, built in 1826. Early use of wire rope in bridge construction was well underway even by the late 1820s, with a foot bridge over the Rhône River at Tournon designed by French engineer Marc Seguin.

By the late 1840s, Roebling was firmly in the wire rope business. In 1848 he moved his operation to Trenton, New Jersey, eventually expanding to multiple buildings and developing a thriving commercial operation.21

As wire rope inventors like Roebling worked on the best design for their products, different arrangements of wire were devised. William Albert’s first wire rope was three strands, each composed of four wires. Later, wire rope was sought that had greater breaking strength and more flexibility. This meant rope with a higher number of wires, such as six rather than four outer wires, all twisted around a center wire of the same diameter. The next designs were multilayer strands with a central wire surrounded by six wires, and then twelve wires. These designs sometimes led to internal crossovers of the wires, however.22

An engineer in California named Tom Seale devised a wire in 1885 with different diameter wires in the mix: a thicker wire in the center, surrounded by nine smaller-diameter wires and then nine larger-diameter wires. The large-diameter outer wires sat in the valleys between the second level of smaller inner wires, which eliminated wire crossovers and meant longer service life. In 1889 another American engineer named James Stone patented a design that was similar to Seale’s but used much smaller “filler” wires between the larger wires, “[a] design which today, more than a hundred years later, is probably the most widely used multi-layer strand design in the world.”23 Another type of wire arrangement was the Warrington strand, which, again, used smaller-diameter wires, but on the outside of the rope, in between larger wires.

Roebling died before these developments, but in one of his early notebooks, he had sketched the Warrington strand design and written, “This is the true proportion.”24 So it’s likely he would have used the Warrington setup in his later wire rope products.

We can’t leave the subject of wire rope internal arrangement without noting that wire rope manufacturers often twisted metal strands around a central hemp-fiber core. This fiber core worked well to lessen internal wear of the metal fibers and made the wire rope more flexible.



CABLE GRIPS

As San Francisco expanded from its waterfront beginnings, the city built its way up a series of steep hills. Many of the resulting streets were too steep for the horse-drawn trolley cars found in many cities in the 1870s. Steam engines were generally not powerful enough for the task either. The solution lay in wire rope and in the efforts of a transplanted British entrepreneur named A. S. Hallidie, who devised a version of wire rope he called California Cable. Hallidie had come to San Francisco in 1852 with his father, who owned land that he hoped would yield productive mines. When these proved disappointing, Hallidie’s father returned to Britain, but A. S. stayed and got into the wire rope business. This was a natural route for Hallidie because his father had been involved with wire rope, for which he held an early British patent. Hallidie the younger did well with his wire rope firm and got into the business of building wire rope tramways for mining operations. In 1867 he patented the “Hallidie Ropeway.”

The idea of a “cable traction” urban transport system using a cable under the street wasn’t a new idea. Just such a system called the London and Blackwall Railway (for which Robert Newell won the contract to supply wire rope) opened in 1840 in the British capital. It used cars both fixed to the cable and cars that could grip and ungrip the cable. The system was a success and even expanded. “In 1844 the line handled over 2.5 million passengers and was turning in favorable financial results,” notes one history of the cable car.25

All the elements of such a cable traction system—a stationary powerhouse that moved an endless wire rope cable under the street to which cars could grip and ungrip—had already been developed. It took the topography of San Francisco to make it work on a larger scale. Hallidie claimed to have gotten the idea for a San Francisco system when he watched horses struggling to pull a streetcar uphill on Jackson Street and being mercilessly whipped by their handlers.26 Hallidie chose Clay Street as the best place to install a new cable traction system with under-street cable and rail tracks. By 1872 Hallidie had secured financing, and on September 1, 1873, the Clay Street Hill Railroad was carrying passengers.27

The cars in Hallidie’s system had a variable mechanical gripping device, “a grip on the cars capable of providing a continuum from full release to a full hold at which the car moved at the speed of the cable.”28 Naturally, Hallidie utilized his own wire rope over that of his main competitor, John A. Roebling’s Sons Company.

By the 1880s San Francisco had five cable car companies operating 11.2 miles of routes.29 It was San Francisco’s topography, with some streets having inclines of up to 20 percent, that spurred this growth.

The Chicago City Railway decided to go with a cable car system despite the possible drawbacks of winter weather. Charles Holmes, chief of Chicago’s railway, which used horse-drawn railcars on city streets, made a visit to San Francisco in 1880 and liked what he saw. The first Chicago cable car route opened in January 1882 to great public interest: “Crowds estimated from 50,000 to an improbable 300,000 waited hours with great anticipation to witness the first cable car trains pass by.”30 In practice, winter snow and ice did not seriously hamper its operation. By 1895 Chicago had 41 miles of double-track cable car routes.31 And Chicago’s success prompted more cable car operations to open in New York City, Los Angeles, Kansas City, Philadelphia, St. Louis, and Denver.

Within only a few years of cable cars’ widest acceptance, however, the urban cable car went into decline, rendered obsolete by the electric motor, and “the electric trolley replaced it as a more efficient, comfortable and profitable form of transportation.”32 The decline was precipitous. “By 1890, electric trolley mileage was double that of cable car mileage, and the cable car was doomed.”33




TRANSATLANTIC DOTS AND DASHES

Before even a land-based telegraph cable was strung from Washington to Baltimore, an underwater telegraph cable was laid across New York Harbor. The wire “was insulated by hemp soaked in tar and pitch and surrounded by a layer of india-rubber.”34 It’s a marvelous callback to the history of hemp rope that this first underwater cable used tar-soaked hemp to usher in the age of long-distance communications.

Once this and other short-distance underwater cables—like the cable from Dover, England, to the French port of Calais in 1851—proved that such a connection could work, it wasn’t long before the idea of a wire cable extending 2,000 miles under the Atlantic from Ireland to Newfoundland began to take shape. On May 8, 1854, the New York, Newfoundland and London Telegraph Company was founded in New York.

Three years later, a fleet of two ships from the U.S. Navy and five from the British Royal Navy departed from Valentia Island, one of the westernmost points in Ireland. Two ships of the small fleet, USS Niagara and HMS Agamemnon, each had 1,250 miles of cable on board, so much cable that it took 120 men three months to load it aboard each ship.35 The cable was a composite construction of conducting wire, insulation, waterproofing, and then an outer skin of wire rope for protection from abrasion and sharp rock edges. The insulation was a type of thermoplastic latex formed from the milky fluid of the gutta-percha tree: “The conducting core was made by the Gutta-Percha Company and consisted of seven wires of No. 22 stranded copper ‘of the best quality,’ then covered by three separate layers of gutta percha, thus forming the core of the cable. Around this were wrapped layers of tarred hemp saturated with a preservative compound of pitch, tar, linseed oil and wax. Over this was wound the outside covering armor which consisted of 18 strands of No. 22 iron wire, each strand itself composed of six spirally wound strands about a center wire.”36

A sign of the possible future problems with a transatlantic cable occurred when the cable broke on the Niagara only 5 miles from Ireland. The cable was fished up and spliced and then the slow two-knot pace of spooling out the cable continued westward. Three hundred and thirty-five miles from Ireland, a mistaken use of the brake while laying the cable caused too much pressure and the cable parted again. The cable armada had no choice but to return to port.

In June 1858 a second attempt was made. This time the two cable-laying ships, the Niagara and Agamemnon, sailed to the midpoint between Ireland and Newfoundland, spliced the cable together, and then Niagara headed west and Agamemnon east, each ship paying out cable. When the ships were separated by 300 miles the cable broke a third time. Not willing to give up the effort, the directors of the company authorized a third attempt. This expedition started in July with both ships tied to each other with a rope hawser while the cable ends were spliced together. The lead weight that was intended to be used to sink the splice accidentally dropped overboard (hope no one was attached!), so a 32-pound cannonball was substituted.37 The rope hawser was cut and the ships went in separate directions. By August 5 both ships had reached their destinations and the cable ends were brought ashore in Newfoundland and Ireland. The connections were made and a signal was transmitted under the ocean between North America and Britain. Bells were rung in New York City, and one hundred cannons fired on Boston Common to mark the momentous achievement.38

Approximately four weeks later, however, the telegraph cable fell silent. There were many theories as to why the cable failed, but none were definitive. Perhaps the most likely was that between cable-laying attempts the cable had been stored outside in direct sunlight. This may have damaged the gutta-percha insulation and caused the cable to ultimately fail.

With the American Civil War raging from 1861 to 1865, another attempt at a transatlantic cable wasn’t tried until July 1865. This time the cable was more robust, with seven heavier 18-gauge center-copper conductors, and more layers of gutta-percha insulation mixed with a type of insulation called Chatterton’s compound (gutta-percha softened with Stockholm tar). Comprising the outer envelope were ten 13-gauge steel wires, each wrapped in a manila-fiber cover that had been soaked in preservative. These protective wires were wound spirally around the inner core, ending with a cable 1.1 inches in diameter. Also, the inclusion of the hemp reduced the specific gravity of the cable so that it weighed 3,575 pounds per mile in air, but only 1,400 pounds in water.39 To prevent problems with exposure to sunlight, the cable was immersed in huge tubs of water as soon as it was made.

Rather than use two ships to carry the great length of cable, the largest ship in the world—designed and built by Isambard Kingdom Brunel—was chartered. The paddlewheel steamship the Great Eastern, 693 feet long, carried all 2,300 miles of cable in specially built water tanks.40 The Great Eastern started at Ireland and payed out the telegraph cable with a few minor mishaps until it was 600 miles off Newfoundland—when the cable broke. Audacious attempts were made to recover the broken cable. A grappling anchor with multiple flukes was lowered on 2 miles of wire rope. It amazingly snagged the cable three times, but while raising it to the surface the connecting shackles broke, and the cable and the wire-rope lifting line dropped to the bottom. Finally, the spot was marked with a buoy attached to wire rope and an anchor and the Great Eastern returned to Britain. The prospect of ever completing the task seemed daunting.

The leaders of the company, however, were still optimistic they could succeed. The whole enterprise was tried yet another time in 1866, again using the Great Eastern as the cable ship. This attempt proved the charm. The Great Eastern again started in Ireland and on July 27 reached Trinity Bay in Newfoundland. The new cable was brought ashore and connected in the small town of Heart’s Content.

There was still the broken cable from the 1865 attempt to deal with. The Great Eastern and a gaggle of ships steamed to the point 600 miles from Newfoundland where the 1865 cable had broken. They were prepared this time to fish for cable in the depths of the Atlantic. “The squadron now came well supplied with heavy grapnels and plenty of hauling ropes. This rope was 6½ inches in diameter and was composed of twisted hemp and 49 galvanized iron wires, each manila protected; it had a tensile strength of 60,000 pounds. Each of the grappling ships had its share of this heavy rope. The Great Eastern and the Medway each carried seven and half miles of it and the Albany five miles, making for a total of 20 miles of rope.”41

The task took weeks, as they would often hook the cable and bring it up, only to have rough weather cause it to be lost and the slender cable fall back to the bottom. It took thirty attempts before the cable was brought on board the Great Eastern and spliced. After that, the Great Eastern headed west again and fresh cable was payed out over the distance back to Newfoundland. By September 7, 1866, there were two working transatlantic cables. Wire rope proved an integral part of the oceanic cable effort. The 1866 cable continued to function until 1872, by which time other cables had been laid across the sea.42



HIGH ON A WIRE

One of the most famous uses of wire rope started with a bow and arrow.

In August 1974, a guerrilla-art crew had taken advantage of the busy construction of the World Trade Center’s Twin Towers at the southern tip of Manhattan to put a small team on the 104th floor of the South Tower. They brought with them a crushing load of equipment, including a crate holding a 200-foot-long, 3/4-inch steel rope that weighed more than 250 pounds. The wire rope was made of six strands, each of which contained nineteen wires.43 Also included were two cavalletti guide wires and a 30-foot-long, 55-pound balancing pole.

This effort was led by the French high-wire performer Philippe Petit, who in 1971 had walked across an unauthorized wire set up between the towers of Notre Dame Cathedral. Later, in 1973, he’d done it between the towers of the Sydney Harbour Bridge. Petit had a much bigger goal, however. He’d long dreamed—even while the buildings were still only in the planning stage—of walking the 138-foot gap that separated the two Trade Center towers.

For his attempt, Petit recruited a group of three Frenchmen and four Americans. Like a special ops force, they planned and prepared for months, with Petit even practicing on a wire between two mockups of the tower roofs.

Recently I spoke with Philippe Petit via Zoom and asked about his choice of wire. “Seven-eighths wire was too heavy and also too costly at the time,” Petit said. “And really there was no need of the extra strength. So three quarters of an inch was, for me, the comfortable size that I was used to. In many circus schools, they use three-eighths or half inch. Many people use five-eighths, but for a high wire in the sky, I think five-eighths feels a little bit too thin, and too sensitive to vibration.”

Once night fell, Petit and his accomplice Jean-François Heckel climbed up onto the roof of the South Tower with all their gear and hastily began their preparations.

Meanwhile, on the North Tower, a two-man team waited with the bow and arrow.

Once the initial work was done, Petit searched in the darkness for one of the men on the North Tower, Jean-Louis Blondeau. He was just able to make out Blondeau on the far tower. When Blondeau raised his arm, it was to indicate that he was ready to send the arrow across the void. Finally, Petit was ready, and he also raised his arm. He and Heckel counted to ten and then they got under cover. After his own ten-count, Blondeau pulled back the bow and released the arrow into the darkness. Tied to the arrow was a length of the thinnest monofilament fishing line. This was the lightweight messenger line that Petit would use to start the process of setting the walking wire between the buildings.

Petit knew the arrow had been sent, but he couldn’t find it on the roof of the South Tower in the darkness. He wondered if it had been swept wide of its target by the wind. Realizing that he needed to use every inch of his skin to try to sense the monofilament, he took off his clothes and moved slowly along the edge of the tower naked, as he described in his book Man on Wire:


I attempt to calm my thoughts by leaning against the northwest corner and staring dementedly at the murky Hudson River, where the arrow may have drowned—when on my hip I feel the incredibly sweet caress of a fishing line undulating in the chilly wind.

I walk my fingers along the line until they reach the arrow, which is—unbelievably—delicately balanced on a steel channel girt over the abyss. Another half inch to the west and it would have missed the tower. I close my hand around the arrow just as a sudden draft threatens to dislodge it.44



Using the thin monofilament, they pulled across a heavier fishing line. That, in turn, was used to pull across a thin white nylon parachute cord. Tied to the cord was a burlap bag with some additional gear and tools. Then Blondeau and his teammate on the North Tower used the nylon line to pull back over to their side a yellow polypropylene line that Petit had laid out on the South Tower. Petit attached the 3/4-inch wire rope to the yellow line and so began the most important part of the setup. The wire rope was much heavier than any line that had gone across thus far, and Petit and Heckel lost control as they payed it out. The wire slid over the side fast, pulled into the chasm by its own weight. “The cable accelerates its descent. Jean-François and I try to slow it down, but its weight and speed are too great, it threatens to pull us into the void. We have to let go.… Behind me, I hear the roar of 200 feet of out-of-control cable,” Petit wrote. 45

The wire hung in a catenary curve between the towers. Blondeau and his teammate on the North Tower faced the task of pulling the whole weight of the wire up onto the North Tower. After hours of effort, dawn approached, and they no longer had the cover of darkness to protect them from the authorities. With a final burst of strength, Blondeau’s team succeeded in getting the wire up and secured with wire clamps. Then Petit used a Tirfor (a type of wire winch) to tighten the wire rope to which he would entrust his life. Both teams had engaged in nonstop work setting up all the gear, and as the dawn light filtered into the sky, the physical effort had taken a toll on Petit.

On our Zoom call I asked Petit how this affected him. “I was exhausted by a night of rigging and by the previous hours of hiding,” he said. “And I was very, very stressed with bringing the equipment in and thinking of my other team, the friends in the North Tower … having to tighten the guideline and the cavallettis at the last moment and more disruption because of guards and police passing by. I tell the story that I was all calm and collected, but I was in the worst physical and mental position for negotiating the first few steps and the first crossing.”

So did he consider calling off the walk? “No. Never … the idea of giving up never came to me,” Philippe said, then laughed and added from the perspective of all these years later, “I should have.”

After some final adjustments and a quick change into his costume, Petit stepped out onto the wire, his balance pole athwart the wire. He resolutely crossed the gulf, suspended by twisted strands of steel 1,350 feet above the streets below. When he reached the North Tower, he sat down and rested. “After the first crossing, I obviously felt much more comfortable and happy.”

The 3/4-inch line in the air continued to call to him; he couldn’t resist going out onto the wire rope once more. “Peacefully stretched across the vertiginous absence of terrain, my wire-rope magnetically demands me,” Petit wrote in his account of the event.46

I couldn’t resist asking Petit if he had been unnerved by the vast gulf below him. “No,” he responded quickly. “I was attracted to look down. It was a magnificent view. It was terrifying. But I was not scared. It was beautiful. And in order to safely look down, I actually sat on the wire. I observed the tiny little ants, you know, the crowd looking at me, the slow motion traffic of New York and, of course, the traffic jam that I had caused.”

In the end Petit crossed the stretched wire eight times before stepping back onto the roof to be arrested by an agitated crowd of NYPD officers. He was charged with criminal trespass, but the prosecutor offered him a deal that Petit accepted. He performed before a group of schoolchildren, and the charges were dropped.

In the next chapter we will witness a revolution in rope even bigger than twisted metal wire; we’ll see how chemistry and petroleum produce synthetic fibers to makes ropes of almost magical strength.








STRAND ELEVEN
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FROM PETROLEUM TO ROPE



THE TWO GLIDER PILOTS WATCHED as the towline lying on the runway began to move. The Douglas C-47 transport plane in front of them started rolling down the runway, and when it became airborne, it would tow U.S. Army Air Force flight officer John C. Hanscom and his fellow pilot Bill Meisburger’s glider into the air. Hanscom and Meisburger were copilots of a Horsa glider, an engineless, unarmed aircraft full of troops and gear that was towed into battle by a nylon rope and then cut loose from its tow plane. After release, the glider was on its own to make an unpowered landing.

The day was June 6, 1944, and Allied troops had just landed on the beaches in the D-Day invasion. Hanscom’s British-built Horsa was headed for Normandy, to fields a few miles inland from the beaches. The night before, American paratroopers from the 101st and 82nd Airborne Divisions had parachuted into the area. To keep them stocked with reinforcements and supplies, more than five hundred gliders in several waves were being sent to join them. In the fuselage of Hanscom and Meisburger’s glider sat fourteen paratroopers and a trailer loaded with communications equipment. “The go-ahead signal was given, and the pilot in our towship began easing his throttles forward. We moved slowly at first, then faster, ever faster. Bill was properly holding the control wheel back so that the nose wheel of our landing gear was kept slightly off the runway surface as we gathered momentum,” Hanscom wrote.1

Once Hanscom’s Horsa was in the air, they joined a thick group of circling tow planes and gliders. When the last glider was airborne, the fleet headed out over the English Channel toward France in the late afternoon light. Keeping the glider in proper position behind the tow plane was hard, physical work. The pilots had only their muscles to wrangle the glider’s control surfaces. Hanscom and Meisburger traded off ten-minute intervals at the dual controls. Hanscom wrote that he was “wringing wet after my first stint.”

As they passed over the Utah Beach landing zone, Hanscom was amazed at the endless fleet of ships off the Normandy shore supporting the landings. He saw huge clouds of smoke rising from burning villages, evidence of the ongoing battle as Allied troops fought their way inland. He and Meisburger made out their planned landing zones ahead as the tow plane descended to the 800-foot release altitude. Something else was visible, too. “Suddenly I was aware of small flashes of fire coming from the area … enemy forces were still there!”2

Spiraled around the tow line was an intercom wire that went from cockpit to cockpit so that Hanscom and his fellow glider pilot could talk to the pilots flying the C-47 tow plane. As German tracer rounds flew past the plexiglass windows of the glider, Hanscom knew they had to get the big Horsa—loaded to its maximum of more than 15,000 pounds—on the ground as soon as possible. He called the tow plane: “‘We’re cutting loose,’ I said. ‘We’ll see you later—I hope.’” As he explained, “I had my hand on the big, red knob of the release lever. When Bill gave the high sign, I pushed the knob.”3

No longer being towed by the C-47, Hanscom’s glider slowed and began to descend. The Horsa was said to have good handling characteristics, but that didn’t change the fact that without an engine they only had one chance to land—there was no going around to try again. Meisburger was at the controls while Hanscom tried to find them an open field. Normandy was a patchwork of small fields, each surrounded by berms of earth topped by trees—the so-called bocage country. These hedgerows were obstacles that could shred the wooden gliders. Based on recon photos, the glider pilots had expected the trees to be 15 or 20 feet high. They were unnerved to see that many of the trees reached as high as 100 feet. Hanscom spied a rectangular field that looked promising, and Meisburger made a 270-degree turn to line up with it. But other glider pilots had seen it too. Another glider suddenly crowded in from the left. To avoid a collision, Meisburger had to give way and turn to his right. The glider was now low and slow, and the only spot left to put it down was the pasture of a farmhouse. It wasn’t an appealing choice. “That pasture was somewhat less than a hundred yards in length. It was surrounded by trees, graced with a stone barn, covered with stumps and chuckholes, and traversed by a power line upheld by sturdy posts.”4

Diverting to this postage stamp field had robbed the glider of its last bit of energy, so the Horsa wasn’t going fast enough to clear the screen of trees atop the pasture’s enclosing hedgerow: “We hit a tree with our left wing. There was a terrible rending, crashing sound. Affairs were then completely out of our hands. The glider careened to the right. The ground crash shock was taken by our right wing and landing gear. The nose wheel came up through the fuselage, the skid crumpled, and the floor buckled. We slewed to the right into a wall of trees and undergrowth, a good-sized tree passing by my side of the nose with inches to spare.”5

As dust drifted away on the wind and they recovered from the shock of the landing, the men on the glider discovered that, amazingly, neither Hanscom nor Meisburger were badly injured by the crash-landing. One of the paratroopers suffered a broken arm, but otherwise the rest were okay and ready to go. Now that they were on the ground in France, the two glider pilots grabbed their rifles and became infantrymen.

Not all of the glider pilots or troops they carried were so lucky. As they were coming in for a landing, Hanscom saw another Horsa cartwheel as it hit trees. And other gliders were unable to stop before smashing into the lines of trees that topped the hedgerows. Others were hit by German machine gun and artillery fire.

While many gliders were lost, the Allies considered the glider operation a success. Massed glider landings, like those on D-Day, were used again in Operation Market Garden (depicted in the movie A Bridge Too Far), which attempted to seize the Rhine River bridge at Arnhem in the Netherlands in September 1944. Again in March 1945, gliders were employed for the Allied crossing of the Rhine.



SYNTHESIZING THE SYNTHETICS

The 2-inch-diameter rope used on all the gliders on D-Day was made of a new synthetic material: nylon. Three-stranded, it looked much like a traditional hemp or manila rope, except for its shiny white color. The introduction of nylon ropes made the use of gliders a more reliable option. Hemp and manila weren’t as strong or as hardy. The natural fibers in hemp and manila were susceptible to rot, especially if the ropes got wet. Nylon had some problems with moisture, but it was impervious to rot. Nylon was a superior choice over wire rope because it was stretchy, absorbing shock loads and then going back to its original shape. With the way a glider could be bounced around by the motions of the tow plane and the wind, this was an attractive property in an airborne tow rope. The Allies also devised a system for snatching gliders off the ground and into the air using a low-flying tow plane. Here, nylon’s ability to stretch as much as 25 percent and then rebound absorbed much of the shock loading of being accelerated to flying speed in seconds.

Nylon was invented just in time for use in the Second World War, but it wasn’t the first concocted fiber. That was found in 1878 as a result of a spill and a lazy researcher. The French chemist Hilaire de Chardonnet was working with photographic plates when he knocked over a bottle containing a solution of collodion—nitrocellulose dissolved in a solution of ether and water. For whatever reason, Chardonnet didn’t wipe it up immediately but carried on with his work. When he did get around to tidying up, he discovered something: “some of the solvent had evaporated, leaving a thick, tacky material. As he wiped the material with a cloth, he noticed that long thin strands of the collodion were pulled out. He saw that these strands resembled pieces of a silk thread.”6

From this discovery an artificial silk was developed that was later dubbed rayon. While sometimes used in lieu of cotton fibers in vehicle tires,7 rayon-based rope never took off as a substitute for hemp and manila. For that, a truly synthetic material was required.

Rayon was the first artificial fiber, but it wasn’t the first synthetic one. The difference between these definitions is that rayon was made with a chemical combination that employed preexisting compounds. The new fiber of nylon, however, was teased out from hydrocarbons and was engineered to be a high-molecular-weight material.

Molecular weight is important because researchers were looking to replicate the high molecular weight of silk, which is a protein made up of very large molecules, many times larger than those in many common materials. For example, a sugar molecule has forty-five atoms, gasoline twenty-three or twenty-six atoms, and grain alcohol has nine; but a molecule of silk can contain ten thousand to one hundred thousand atoms.8

In silk, all those atoms are organized in repeating chunks of amino acids with these identical chunks linked together like a chain. In chemical speak this chain is called a polymer. Chemists sought to put together long polymer chains of many atoms in the way that spiders and silkworms did naturally, but to do it in a factory with easily available raw materials using industrial processes.

The discovery and refinement of rayon gave an indication that chemistry might reveal such profitable new substances with wide applications, so big chemical companies like the American DuPont Company began an active search. “In 1927 the DuPont Company decided to launch a program of research on the synthesis and property characterization of large molecules of the type synthesized by nature in silk, rubber, cellulose, and proteins. A young chemist, Wallace Carothers, was employed and organized this research program.”9

Carothers, whom DuPont had hired away from the chemistry department at Harvard by doubling his salary, knew that silk was made from amino acids—for example, glycine: H2NCH2COOH (don’t worry, this won’t devolve into a chemistry text). “He knew also that in nature these molecules became connected by joining the COOH end of one molecule with the NH2 end of another by molecular forces to give the long chains of these amino acids called proteins.”10

Chemists had been unable to manipulate more than three or four of these natural molecules to string together. Carothers, therefore, went about the problem by designing his own molecule, one that included the COOH and NH2 propensity to hook up. He combined (wait for it) hexamethylenediamene with something called adipic acid (yeah, I’ve never heard of those two either). Both of these use the COOH and NH2 sticky ends such that each compound wants to get with the other (chemistry can be sexy).

In February 1935, Carothers and his team were successful in getting this concoction to form long chains of what is called a polyamide polymer. The material eventually came to be called nylon. The DuPont team discovered that when the material was molten, threads could be drawn from it. Once these filaments cooled down, they could be “further drawn to several times their original length … cold-drawn filaments had a much higher tensile strength and elasticity than undrawn filaments. They were sufficiently pliable and tough to be tied into hard knots, whereas undrawn filaments were inelastic and fragile.”11

When drawn out into long fibers, this new nylon material turned out to be superior stuff for making rope. It had higher tensile strength and elasticity and was more durable than any natural fiber. And while natural fiber ropes were built up from many short fibers, nylon fibers were many times longer. Just like natural-fiber rope, synthetic fibers could be combined into yarns and then strands and then three-strand rope—but the end result was substantially stronger than hemp or manila.

The raw material for this version of nylon, which is called nylon 66, was made from petroleum, readily available in the U.S. In Europe, the German chemist Paul Schlack, working at the chemical company I. G. Farben (notorious as the producer of Zyklon B poison gas used in Holocaust gas chambers), developed another form called nylon 6 in 1938. In nylon 6’s case, coal was used as the hydrocarbon source material.12

Nylon went into production in 1939, just as World War II started in Europe, and was used extensively during the war as a fabric to replace silk for parachutes, as parachute cord to connect chutes to harnesses, as glider tow ropes like we previously covered, for mosquito netting, hammocks, and more.

Before the United States got into the war in December 1941, nylon was also used to make stockings and was immensely popular. On May 16, 1940, four million pairs were distributed to department stores nationwide. They sold out in two days.13 The needs of the war superseded the civilian economy, however, and it wasn’t until after the war ended in August 1945 that nylon production was directed back toward products like stockings. The demand was so great and the supply so short, however, that in the fall of 1945 and winter of 1946, so-called nylon riots occurred in various cities. In one case in Pittsburgh, forty thousand people got in line to purchase nylons, but only thirteen thousand pairs were available.14



PUSHING ASIDE NATURAL FIBERS

Nylon rope proved itself in World War II, but it was more slowly adopted for marine uses like tow ropes and mooring lines than we might expect. When I spoke to John Flory, a marine rope expert, historian, and cofounder of the marine engineering design and consulting firm Tension Technology International, he stressed that while nylon was stronger, it had some drawbacks too. It was prone to abrasion damage. And marine companies figured that since nylon was stronger than hemp or manila, they could use a smaller-diameter rope. “Part of the problem was that they were replacing the ropes on a strength-per-strength, rather on a size-per-size, basis,” Flory said. “And the nylon ropes could not withstand the physical abuse and the surface damage that was inflicted in normal maritime operations as compared to the much larger manila and hemp ropes at the time. Sometimes they reverted back to using manila and hemp.”

One of the properties of nylon—its ability to stretch and then resume its former length—carried a hidden danger, said Flory: “Another problem was nylon stretches a great deal more than manila and hemp, and when it does break, it breaks with a larger recoil, a lot of vengeance and injuries and kills people.”

Even with this drawback, however, the superior strength of nylon did lead to its increasing acceptance in the 1950s. Meanwhile, manila-rope production began to fall off.

Another type of synthetic-rope material was concocted from polyethylene terephthalate in 1941 by British chemist J. R. Whinfield. Later, the British chemical company ICI began producing this material, and in 1946 trademarked it as Terylene, a name that used the last syllable of “ethylene” and the first syllable of “terephthalic” in inverted order. This was a polyester polymer, similar to nylon but with some different properties. DuPont purchased the rights to this material and renamed it Dacron, opening the first factory for producing Dacron in 1950 in Kinston, North Carolina.15

Polyester ropes are strong like nylon and similarly rot resistant, and they don’t stretch like nylon. According to Flory, even with these advantages, polyester-based rope still had a slow rollout: “Polyester was very slow in being introduced into ropes. Because nylon was the kingpin, so to speak. But it became more popular, partially because it had some better characteristics than nylon, but it was still more expensive.”

By the 1960s and 1970s, however, the advantages of synthetic-fiber ropes and reduced cost—as nylon and polyester and other new materials like polypropylene became widely manufactured—caused synthetics to all but drive out hemp and manila except for specialized applications.



HIGH MODULUS GETS ITS MOJO ON

Continued work on synthetic materials bore fruit in the so-called high modulus synthetics (a material with a high modulus of elasticity means it is stiff and strong and doesn’t easily deform—it’s more complicated, of course, but we’d quickly get into a welter of formulas, so we’ll leave it at that). The first of these high modulus fibers was an aramid fiber developed at DuPont by chemist Stephanie Kwolek in 1965.

In a 1986 interview, Kwolek said about her research, “We had made hundreds of polymers and had devised many new ways of making polymers, but there was still one block. That was the very intractable para-aromatic polyamides, the ones that had the very rigid molecular chains.”16 The DuPont research director, Paul Morgan, was busy writing a book, so he allowed Kwolek to work in relative freedom. When he did check in on her he noted that she was using sulfuric acid as a solvent. He asked her to stop, as it was expensive to use and to dispose of properly. Kwolek, however, was intent on her work and used small batches of the acid anyway.

She succeeded in dissolving one of the materials she was researching—called 1,4-B—in an organic solvent. She obtained a strange, milky fluid unlike the clear concoctions produced by other polymers. When she went to a colleague and asked him to spin the material into filaments, he flat out refused!

Kwolek was persistent, however, and kept at him. She prevailed, and the material produced high-quality fibers that, when tested for strength, were five times stronger than steel by weight. The company named the new material Kevlar. In addition to other uses, Kevlar made for very strong ropes and is used in many rope applications today, from guy wires for tall antennas to standing rigging for ocean-racing sailboats. Kevlar also proved to be an excellent bullet stopper and is used in bulletproof vests. Kwolek’s determination—and little bit of sulfuric acid—paid off.

Other high modulus fibers followed: Twaron, Technora, Spectra, Dyneema, Vectran, and Xylon (they sound like planets in a sci-fi novel). Another type of synthetic is high modulus polyethylene (HMPE), a fiber that is three to four times tougher than conventional nylon and polyester. All these flavors of synthetic rope are many times stronger than any natural-fiber rope ever constructed.

Even these marvels can break, however. Based on that, rope designer and manufacturer Sim Whitehill devised a four-strand product called a reduced-recoil-risk rope in 1987. If the rope is overloaded, then one of the strands will break, but the other three “will remain intact for sufficient time that rope tension can be reduced or that personnel can get out of the way.”17 In 2019 the Norwegian company Wilhelmsen Ships Service introduced an approach called the snap-back arrestor (SBA)—“an energy-absorbing core that sits within the company’s Timm Master 12-strand plaited, mixed polymer rope.… If the outer, load-bearing construction breaks, the SBA absorbs the snap-back forces, transforming them from a potentially deadly snap to a much safer slump.”18



SYNTHETIC ROPE GOES DEEP

It might make sense to think that for heavy-duty purposes like mooring oil rigs, wind turbines, and other marine industrial gear, wire rope, with its great strength, is the only type of rope used. In fact, though, for deep water uses, wire has a huge disadvantage—it’s heavy. If we are doing deep sea mining, for example, and want to lift material from extreme depth, wire might not be the right choice. “Wire is not a problem when you are lifting from a depth of 20 feet or even 100 feet,” rope engineer Roland Verreet said. “But if you go 10,000 feet or 20,000 feet down, then it becomes very challenging because the rope might just destroy itself under its own weight.” Synthetic-fiber ropes, Verreet pointed out, are much lighter and don’t have to support this great weight: “Some of them are buoyant. They have the same specific weight as water. So, if you lift one meter above ground or 20,000 feet deep in the water, it doesn’t matter. The rope weight is compensated by the buoyancy.”

The same is true even when we’re not lifting but want a material for static mooring use. When I spoke to David Petruska, an expert on deep water moorings based in Houston, he stressed the value of using synthetic line: “In shallow water using wire, the mooring gets its restoring force from the natural catenary bend of the wire. As we moved into deeper water … usually polyester is the fiber material of choice.… It’s getting restoring force out of the stretch of the polyester.”

Petruska added that when people in the industry began using synthetic ropes instead of wire or chain, an interesting question arose. “When we first started using these synthetic ropes, we used to always talk about shark bites,” Petruska said with a laugh. “You know, if a shark bites a chain, it’s not gonna cut the chain. But if it bit into a synthetic rope, would it fail the rope? We spend a fair amount of time talking about shark bites, but now that they’ve been out there for twenty-five-plus years, I’m not aware that it’s ever happened.”

The strength of some of these large-diameter fiber ropes is phenomenal. For example, the 152 mm (5.98 inch) diameter synthetic fiber rope called AmSteel-Blue (colored a very pleasant cobalt) from Samson Rope in Ferndale, Washington, has a breaking strength of 1,457 metric tons.

Having been employed for oil exploration, drilling, and single point-moorings for oil tankers for years, synthetic-fiber rope is now being used in a new energy application: for mooring floating wind turbines.

From the mid-1930s to the 1980s, many new synthetic-fiber rope materials were developed, yet the rapid pace of new products has all but stopped in recent decades. New high-strength fibers have not been found. In a 2015 paper, John Flory wrote: “In the fifty years beginning in 1940, seven new materials were introduced into rope making: nylon, polyethylene, polypropylene, polyester, aramid, HMPE and LCAP. That is one new rope making material about every seven years. In the … years since 1990, no new, practical rope making material has been introduced.”19

Will this drought continue, or is a new slate of synthetic rope materials just around the corner?

In the next chapter we’ll look at the use of rope in entertainment—theater, movies, and the rodeo wouldn’t be the same without it.








STRAND TWELVE
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ROPE TRICKS



FOR JOHN R. ERICKSON, A working cowboy on Crown Ranch in the Oklahoma panhandle, April 28, 1975, was another day in the saddle. Joining him was his friend Bill Ellzey, whom Erickson had hired for a few days to assist in some pasture work. For working cowboys like Erickson and Ellzey, and even for cowboys today, the two most important tools are their horses and their ropes. As Erickson, who is also an accomplished author with many books to his name, wrote, “Of all the skills a cowboy possesses, roping is the one he prizes most highly.”1

On that day in late April, Erickson and Ellzey had an important task to accomplish: going after two feisty heifers that had busted through a fence and were in a pasture owned by a neighboring rancher. Erickson, as manager of the ranch, wasn’t happy that the two cows were on the neighbor’s land. He and Ellzey were determined to bring them back, figuring it wouldn’t be too difficult a task. After a morning sorting Crown Ranch cattle, they set out to find the two fence busters in the afternoon. Ellzey rode his horse, Suds, while Erickson rode Reno, whom he called “the toughest horse on the ranch.” Erickson’s wife, Kris, joined them, riding a horse named Dollarbill. On their saddles were their catch ropes—tightly twisted 7/16-inch nylon “strings” 35 feet long.

Not long after beginning their search, they spotted the runaways along the south fence. Erickson wrote about what happened next in his book Panhandle Cowboy: “When the big heifer saw us, she threw up her head and bolted off to the northwest and we fell in behind her, putting ourselves between her and the fence. But after she had gone twenty-five yards, she reversed her direction and began running straight toward us. That told us something about the heifer. Any cow brute that runs toward a horse is crazy.”2

In an attempt to keep the heifers from smashing things up again, Erickson and his companions rode away, giving the animals some space, hoping they didn’t attack the nearby fence. No such luck as the bigger heifer plowed right into the barrier, popping the staples from five posts, and charged on through into the adjoining pasture. Her younger fellow cow followed. Now Erickson had to decide what to do. The two runaways were still on the neighbor’s land. Erickson conferred with Ellzey, who was of the opinion that they should let the two stay where they were and come back when the animals had calmed down. Erickson, however, wanted to get the heifers back on Crown Ranch land right away. Ellzey told him he was wrong, but Erickson wouldn’t listen.

The two heifers were running south, and their motion was agitating the other cattle. Soon many of the animals were on the move and the pasture resembled “an anthill,” with cows running in all directions. The big heifer was out in front with the smaller cow following along with a bunch of cattle from the neighbor’s herd. Ellzey caught up to Erickson and they headed the group to the west where there was a gate to Crown Ranch land. In the process they redirected the other cows so it was once again just the two fence busters. Erickson planned to move them toward the gate and through it. Ellzey opened the gate, but the two cows wouldn’t go through. Then the biggest one took off again.

They decided to each rope one and lead them through the gate. Erickson went after the big one. Normally he would have thrown his lariat over the heifer’s head on the first throw, but his rope seemed taken by the same ornery spirit imbuing the two busters. He missed again and again. By the time he had his rope on her, he couldn’t see Ellzey or his wife, Kris. And the big heifer wanted to fight. He decided the best approach was to wait for Ellzey to join him. Kris rode up, and then they both saw the heifer that Ellzey was supposed to rope. The cow trotted past them, with Ellzey’s rope around her neck and the rest trailing along on the ground. The cow kept right on going. Erickson was concerned that something had happened to his friend, so he sent Kris off to find him.

Then Ellzey showed up. First, they had to secure the big heifer before going off to get the smaller one and recover Ellzey’s rope. The big animal was lying on her side, tired, with Erickson’s rope around her. He dismounted and moved to tie her legs, but she resisted, got up, and pulled on the rope. Ellzey thought Erickson had tied his rope to his saddle horn, but he had only dallied (more on how a dally works below) the rope twice around the horn. When the heifer got up and started running again, the rope came off the horn in a rush.

To their chagrin and amazement, the two cattle were free again, and both cowboys had lost their ropes! As Erickson wrote, “Bill slumped forward in the saddle and bowed his head. I swallowed a sudden impulse to scream and weep. It had started out to be such a simple job.… Quit? There was no chance of quitting now. We had two wild heifers running through the neighbor’s pasture, each dragging a rope that hissed through the grass and frightened every cow brute within a quarter mile. But even worse, I was afraid that someone driving down the county road, which ran through the center of the pasture, would see the mess we had gotten ourselves into or assume that someone had had a roping accident and call the sheriff.”3

Finally, after finding the two cows, they retrieved both ropes. They left the cows in the middle pasture which was “exactly where we had started five and a half hours earlier.”


FIRST LASSOS

Clearly, the ability to use a catch rope effectively is paramount for a cowboy. Call it a lasso, lariat, or catch rope, it has an oversize impact. Indeed, the image of the cowboy riding hard and throwing his catch rope is an enduring icon of the American West. The first use of the horse and the rope, however, was centuries before. We may never know who were truly the first to use rope in this way, but Stan Steiner in his book Dark and Dashing Horsemen gives the nod to the Persians in Asia. He wrote, “Of all the innovations of the Persians, none had a more startling effect on horsemanship than did the lassos they perfected. Perhaps they learned the use of the thrown lasso from the herdsmen of their mountain tribes, for such lassos had been used by nomadic shepherds in many regions of the world long before the Persians developed them into weapons. And yet something as simple as a lasso made of a loosely held rope that was tossed freely … revolutionized horsemanship by effectively extending the reach and grasping ability of the rider.”4

In North America, the first users of the lariat were Native American horsemen who gathered new mounts from herds of wild horses by using fiber ropes twisted from the plentiful grasses of the Great Plains. As Steiner notes, “In 1805 Lewis and Clark noted in amazement that the Shoshones were ‘expert at casting the cord about the neck of a running horse.’ The Nez Perce and Flathead were as proficient in lassoing ‘exceedingly swift’ wild horses. And the Lakota, at about that time, used the lariat as a symbol for wild horses in their history story-paintings, while the Cheyenne, Pawnee, Apache, Assiniboine, Blackfeet, and many other tribes, became famous for their deftness and skill in roping wild horses.”5

The first horse-and-rope-using cattlemen from whom the American cowboy learned many techniques were Mexican cowboys, the vaqueros. This makes sense since Spanish colonists who brought horses to North America had herds of domesticated cattle to manage long before Americans began to move onto the plains and into Texas.

The vaqueros used a plaited leather rope, called a reata, that was usually 60 feet long. Early cowboys, on the other hand, used hemp- or manila-fiber ropes that were shorter, closer to 35 feet. Another big difference was the manner in which the rope was used. Vaqueros favored style over speed and so went about the business of handling cattle with an eye toward what they considered the stylistically correct approach. They threw their lariats only when they had maneuvered their horse to the most advantageous position and judged that the moment was right. I spoke with John Erickson, and he pointed out that the material of the reata was also a factor in this method. “The weakness of the reata is the weakness of the material. That’s why they had to give slack on their dallies,” Erickson said.

The cowboy, however, was more concerned with speed, getting the most work done in the shortest time. So, a cowboy got in closer and threw his rope as soon as he had a chance to control the animal. And the hemp or manila ropes used in the eighteenth century were stronger than a reata and so could handle the strain.

The vaquero and the cowboy differed on another aspect of roping, as well. After the vaquero successfully threw his rope onto a cow, he took a few turns of the rope around the saddle horn in a technique called a dally or dallying. “The terms ‘dally,’ ‘dolly,’ and ‘dolly welters’ were corruptions of the Spanish darale vuelta, meaning ‘give it a turn,’” Erickson explained. 6 This technique is similar to how whalers would wrap the harpoon line around the loggerhead post on a whaleboat, or how sailors take turns of rope around the drum of a winch when controlling a jib sheet.

The technique more commonly used by the cowboy was not the dally but the hard tie. A cowboy would tie off the end of the rope to his saddle horn with a few hitches.

The manner with which the rider controlled the rope end was also connected to the technique of controlling the animal. The vaquero approach used slack in the reata as he moved his horse around to the best position. He adjusted the slack by pulling in or letting out rope at the saddle horn. The hard-tie method meant that as soon as the lariat was around the cow’s neck, the horse was trained to stop and dig in; to continue the comparison to nautical practice, the horse became an anchor that prevented the cow from moving.

Both approaches to the rope are still used by modern cattle herders. And each has its pros and cons. A downside of the dally method is that the cow can take off and pull the rope away before the rider can dally it around the horn—the rider better be wearing a good pair of gloves.

I spoke with Clint Hoelting, a professional cowboy and ranch owner from Tatum, New Mexico, and he stressed that the dally method, which he uses when roping, has its challenges: “The issue with dallying is you occasionally lose your rope. Say you rope a steer and he goes right. And your horse goes left. Well that rope is singing through your hand. You’ve got a split second to get it down onto that saddle horn and get it twisted. And if something goes wrong, that thing’s zip and then all of a sudden this calf is running off with your rope, and now you’ve gotta go back to the trailer or to the house or wherever and get another rope.”

In the hard-tie method, the cow and the horse/rider are connected by a taut line. A downside to the hard tie is that sometimes the cow can move quickly, changing the angle on the rope so it pins the rider’s leg or wraps around the horse’s legs. As Hoelting put it, “Just riding a horse is risky in its own right. But you tie a rope from a cow to a horse, you gotta be aware of what’s going on … you’ve got a 600-pound steer tied to a 1,000-pound horse.”

The worst outcome of a “wreck”—as cowboys call an accident with a rope, horse, and heifer—can be deadly. Should a cowboy be alone in a big pasture and get caught up in a rope and his horse runs free, he could be dragged for a long distance. “My first foreman really stressed to me that this is dangerous,” Hoelting said. “People get killed doing this. And he just put a situational awareness in me.” He also stressed that such “wrecks” are rare. “It’s not like there’s a fifty-fifty chance every time you leave the barn.”

The distinction between vaquero and cowboy has continued even today. A vaquero in the United States is called a buckeroo and is more commonly found west of the Rockies in Arizona and California and north up into Oregon. The cowboy’s range is the Great Plains, Texas, and eastern New Mexico. And while the cowboy is more likely to tie his or her rope hard and fast, there are those in cowboy territory, like Hoelting, for example, who prefer to dally.

The rope material most often used for roping is nylon. Erickson said he tried polyester in his career but found it lacking: “Nylon was just standard on all the cowboy crews that I worked on. I tried a polyester rope one time and I didn’t like it because it bounced. Sometimes it would hit a steer on the head and it would bounce off rather than falling around his neck.”

What makes a throwing rope different from, say, a marine rope isn’t the material but the twist. A throwing rope is tightly twisted. This extra tension in the twist makes the rope a bit stiff and that helps keep the loop from closing when it’s swung and thrown. “A firm rope, the loop is going to stay open for you better,” Hoelting said. “But it also lacks subtlety … you won’t have as much control over it either. So, it’s just kind of a balance.… There’s definitely a ton of feel in each rope.”



CROWD PLEASING

The lariat is typically made by forming an eye, called a honda, into one end of the rope. The honda can be tied in or it can be formed by lashing with small line, or by using a premade honda and sliding that onto the rope and stoppering it with a turk’s head knot. The other end of the rope is pulled through the honda and the result is a loop. When we spin the rope, the loop opens up and we can keep it open by continuing to spin. Cowboys use that open loop to throw around the neck or horns of a steer, but we can also use it to entertain an audience.

In 1893 the World’s Columbian Exposition rose by the lakeside in Chicago to celebrate the four hundredth anniversary of Columbus’s voyage to the Western Hemisphere. The fair’s buildings were faced with white artificial stone, lending the exposition the nickname “the White City.” The exposition was intended to show off architecture, design, and industrial progress. Companies and organizations had to apply for exhibition space, and the selection committee was sure to exclude those outfits that didn’t match its lofty goals.

One operation that applied to be included was Buffalo Bill’s Wild West show.

He was turned down flat.

However, the Wild West show’s producer, Nate Salsbury, had the good business savvy to rent fifteen acres between 62nd and 63rd streets in Chicago, right by the entrance to the exposition.7 Even though this engagement was in the big city, Buffalo Bill didn’t hold back; the show’s leased train hauled the full complement to downtown Chicago. As Erik Larson noted in his book on the fair, The Devil in the White City, “It carried a small army: one hundred former U.S. Cavalry soldiers, ninety-seven Cheyenne, Kiowa, Pawnee, and Sioux Indians, another fifty Cossacks and Hussars, 180 horses, eighteen buffalo, ten elk, ten mules, and a dozen other animals. It also carried Phoebe Anne Moses of Tiffin, Ohio, a young woman with a penchant for guns and an excellent sense of distance. Bill called her Annie, the press called her Miss Oakley.”8

Another member of the Wild West troop who appeared in Chicago was a slender and handsome Mexican vaquero who was a wizard with a rope. His name was Vicente Oropeza, and according to the National Cowboy Museum in Oklahoma City, Oropeza “has been called ‘the man who invented rope spinning.’” He was part of Buffalo Bill’s Wild West show for sixteen years and visited five continents. Oropeza performed his rope tricks before thousands outside the exposition, and the Wild West show was so successful that the Columbian Exposition organizers rued the day they said no to Buffalo Bill: “It is said that there were those who mistook the entrance to Buffalo Bill’s Wild West for the entrance to the Columbian Exposition and, after seeing the show, came away well satisfied.”9

One of the many who saw Oropeza spin his rope and do his impressive tricks was a young Cherokee man from Oklahoma named Will Rogers. While still a student, Rogers went to Chicago with his father and was blown away by Oropeza’s skill. One biographer of Rogers details this encounter:


The performer who most caught Will’s attention was Vincente Oropeza, a Mexican vaquero and part-time matador who introduced trick roping to this country. Oropeza took the utilitarian skill of roping and stretched it wider than any cowboy would have thought possible. Part of his artistry was making fancy and intricate catches of horses and riders; one of his specialties was the “umbrella,” where he would throw out a big loop, letting one horse run through it and then catching a second horse with the same loop.… The fancy roper would spin his lasso horizontally and vertically, in figure eights and cylinders, over his back and down the other side, jumping in and out of it, until it seemed like a living thing with an irrepressible will of its own.10



Rogers later said that no other roper had such accuracy and style as Vicente Oropeza. Starting from the time he saw Oropeza perform in Chicago as a young man, Rogers devoted himself to mastering rope tricks. He succeeded in getting so good with a rope that he was soon performing on stage and later in Hollywood movies. He also became famous for his down-home style of humor and was a widely syndicated newspaper columnist. Rogers always kept his hand in rope work, though, his first love as a performer.

The lore of rope tricks still thrives. We can see it by taking a spin through YouTube or visiting a rodeo.



RODEO ROPING

The idea of the rodeo, an event in which cowboys competed and displayed their riding and roping skills, is an old one. In Mexico, informal roping-skill competitions between haciendas were called charrerías. Similar contests evolved in the United States. One of the first organized versions of these was at Prescott, Arizona, on the Fourth of July in 1864. Prescott was responsible for another milestone: in July 1888, the Prescott Rodeo was the first to charge admission11—and thus rodeo began its rise as a spectator sport. The Fourth of July became the preferred date for big rodeo events, with some dubbing it “Cowboy Christmas.”

Assisting that rise was none other than Buffalo Bill, who included cowboy roping in his Wild West show as it got going in the 1880s. Buffalo Bill’s show was joined by many similar “Western” shows: “By 1885 there were more than fifty of them on the road.”12 In these shows, however, roping had to compete with many other performers. “During the first few decades of the twentieth century, rodeo began to emerge as a competitive spectator sport in its own right. It more and more divorced itself from the circus and carnival elements of the touring wild-west shows, where the cowboys’ roping and riding exhibitions had been only one small part on the program of many and varied acts by military drill teams, Bedouins and Cossacks, snake charmers, sword swallowers, and the like,” explains one history of the American rodeo.13

Ropers wanted a competition that was about roping, so they looked toward organizing their own events. The efforts to organize the many rodeos around the country came to fruition in January 1929 with the Rodeo Association of America (RAA), its headquarters in Salinas, California. Representing rodeo committees nationwide, the RAA codified fees, rules, and announcements of prize money. The recognized competitions that would officially make up a rodeo event were set as “bronc riding (i.e., saddle-bronc riding), bull or steer riding, calf roping, steer roping, steer decorating, steer wrestling, team roping, and wild-cow milking.”14

In the decades since, various rodeo organizations have evolved and merged and each held their own rodeo championship, resulting in competing claims for the true champion. This confusion was resolved in 1959 when the first National Finals Rodeo was held in Dallas. The current lineup of events that rely heavily on rope include tie-down roping and team roping. The Women’s Professional Rodeo Association is one of the governing bodies that organizes events for women riders and ropers.




TIGHT AND SLACK

In an earlier chapter we described one of the greatest tightrope performances ever, Philippe Petit’s crossing between the World Trade Center towers in New York City. Most of the long history of the tightrope resides in the circus. The shows that evolved in Europe into what we now call circuses were replete with tightrope artists—officially called funambulists, from the Latin funis (rope) and ambulare (to walk). In the early days of the circus in the eighteenth century, tightrope performers were not generally conducting their act high above the crowd, and “the tight rope on which dancing was usually performed does not seem to have been normally more than four or five feet above the ground.”15

These rope artists were nothing if not creative; witness the act of a performer with an infernal stage name: “The Little Devil introduced a trick of dancing on the rope with wooden shoes, leaping in the air, breaking the shoes by clapping his heels smartly together, and alighting on the rope in his stockinged feet.”16

There were other rope artists, however, who were less wedded to the precision balance needed for tightrope work. These were the slack-rope performers. Since the rope has slack and is free to swing, these performers use the swinging of the rope to dynamically maintain their balance. A spectator at the performance of a woman rope dancer said she “gave a good display on the slack rope, swinging on it ‘as if the Devil were in her, hanging sometimes by a hand, sometimes by a leg and sometimes by her toes.’”17

Another slack-rope feat in the nineteenth century involved a massive display of strength as well as balance: “Juan Bellinck, the American Indian prodigy, lifted a horse while hanging from a slack rope in 1823.”18 Of course, given circus promoters’ penchant for hyperbole, this “horse” may have been the lightest of newborn colts.

Then there is the rope artist who doesn’t balance on a rope but wraps herself in it. These are the corde lisse (“smooth rope,” or aerial rope) performers who hang, frequently upside down, by a rope as they conduct balletic moves and poses. Between holding on with their hands (or sometimes only with a foot or leg), the corde lisse artist has the rope wrapped around them and makes use of the friction of the rope—much like the turns around a saddle horn or a winch drum—to keep from falling.



ROPE MAGIC

When it comes to rope and magic, it would be impossible to go anywhere near the subject without first delving into the “Indian rope trick.” It is the preeminent image of rope in magic, with various versions of it reproduced in books and on the posters and ads for magicians in the nineteenth and twentieth centuries.

The legend of the rope trick goes something like this: A street magician in India conjures a rope to rise from a coil on the pavement. The end of the rope levitates straight as a vertical post into the air, going so high that the rope end becomes difficult to see against the bright sky. Next, the magician calls on his young assistant, a boy of perhaps ten, to climb the rope. The boy does so, and, as the audience watches, he reaches the top of the rope … and disappears. Only the vertical rope remains.

According to various written sources, this trick was said to be observed by visitors to India through the centuries. Another version of the trick supposedly came from the Scottish scholar and geographer Sir Henry Yule’s translation of the writings of Marco Polo. According to the translation, it was a Muslim traveler named Ibn Battuta who saw the trick, not in India but in China. The tale is similar to the legend above except in this version, after the boy disappears, the magician calls out to the boy to return down the rope. When the boy fails to do so, the magician grabs a knife and climbs until he, too, disappears. The onlookers are then shocked to see the boy’s severed arms, legs, and finally torso fall to earth. The magician comes back down the rope, arranges the severed body parts into the form of the boy, gives them a kick, and the boy magically jumps to his feet, hale and hearty.19

These are magical tales indeed. If a magician could perform an act like that, he or she would sell out in Las Vegas. According to University of Edinburgh history professor Peter Lamont, however, the Indian rope trick is not only clearly impossible, but the modern reemergence of the story is almost entirely due to the efforts of a nineteenth-century Chicago newspaper editor.

Lamont related in his book The Rise of the Indian Rope Trick that John Elbert Wilkie, editor of the Chicago Tribune, wrote a story that appeared in the Tribune on August 8, 1890, which described the exploits of two young Chicagoans visiting India. According to the story, Fred S. Ellmore and George Lessing saw the rope trick performed and took pictures and made drawings while it took place. Wilkie no doubt thought the story would provide some entertainment for readers and be forgotten. It wasn’t. It was picked up and rerun all over America and Europe, “having been translated into well-nigh every European language,” Lamont wrote.20

After having received inquiries from many quarters regarding the story, four months later the Tribune ran a retraction that admitted the story was a complete invention. As is usually true in such cases, however, many fewer people saw the retraction than the original article. The Indian rope trick story had been launched into the world and, like the swift escapees from Pandora’s box, couldn’t be called back.



FLYING GODS

When a playwright or screenwriter has painted him or herself into a corner and resorts to the sudden resolution of a plot problem by miraculous means, it’s often referred to as a deus ex machina or “god from the machine” solution. While sometimes looked down upon as a cheap way of escaping a plot dead end, the term comes from the ancient Greek theater. Even Greek superstar playwrights like Aeschylus and Euripides resorted to the technique.

Rope may be to blame for this! In the Greek theater this miraculous plot resolution wasn’t simply explained away in dialogue; there was a real-life machine involved and an actor suspended on a rope. “A sort of crane, or derrick, ‘the machine,’ lifted a god over the stage-building and brought him down into the midst of the action.… Euripides employed ‘the machine’ frequently; in the Medea, for instance, it was by means of this device that the heroine could appear in her chariot on the roof of the skene [stage house] at the end of the play,” Randolph Goodman wrote in Drama on Stage.21

Using rope to suspend actors and props became a hallowed technique in the theater. The French playwright Molière’s company performed in Paris in a theater called the Palais-Royal, which was similarly equipped to move actors through the air with “machines … concealed behind the proscenium arch; these were used for spectacles in which objects, like chariots and clouds, or people were made to ascend, descend, or fly.”22

Rope and high-mounted pulleys continued to be used to pull scenery and actors into the air on stage. Initially, the whole affair was human-powered; stagehands hauled on ropes like a gang of sailors. One way this scenery work was made easier was by employing bags of sand as weights that counteracted the weight of the scenery. According to John Ward, director of production at the National Theater in Washington, D.C., the proverbial sandbag (a classic way to dispatch characters in theatrical murder mysteries) was still around in some theaters until recently. “The National Theatre was considered a ‘hemp house’ from 1835 to 2017,” Ward wrote in an email. “Ropes, block and tackle, pulleys, and sandbags were used exclusively to hoist lighting and scenery into position.”



HEMP HOUSES

The move away from sandbags started in the late nineteenth century with the use of steel supporting grids and the invention of a more sophisticated counterweight system. “The early systems employed a rack, or arbor, in which to stack metal weights,” explained Jay Glerum in Stage Rigging Handbook.23

The weights on the arbor took the place of sandbags. Ropes from the arbor went through pulleys mounted above the arbor on a metal support structure called a grid and were used to raise and lower a long horizontal pipe called a batten. It was from the batten that the scenery was hung. Rather than a motley collection of sandbags, the arbor counterweight system allowed all the weight of the batten and the scenery that hung from it to be concentrated at one point. Now stagehands could adjust the weight of the arbor so that it countered the weight of the loaded batten. This meant that instead of gangs of stagehands hauling away, just one or two hands could move scenery “in” (close to the stage and in sight of the audience) or “out” (up into the fly space above the stage and out of sight of the customers in the seats). Later in the twentieth century, some theaters began to replace the lifting ropes with wire rope, although the handline a stagehand used to move the arbor up and down remained hemp, manila, or, later still, nylon or polyester.

Another element adopted from the nautical world was the use of pin rails for tying off rope-lifting lines. This is the rail with belaying pins found on every sailing ship and schooner. Ropes are looped around the pins and belayed (tied off) with locking hitches.

This system is still used, with some modernization, in theaters today. Recently I visited three theaters in Manhattan to get a backstage look at how rope and rigging are used in the Broadway theaters. My first stop was the Perelman Performing Arts Center downtown. A 160-foot square cube faced with translucent Portuguese marble that glows softly at night, the Perelman nestles at the foot of the One World Trade Center tower at Ground Zero in lower Manhattan. I visited at the invitation of Kurt Gardner, the arts center’s head carpenter.

Gardner explained that while many of the systems have changed since the days of the true “hemp house” theaters, when everything was “flown” using hemp cordage, carpenters and stagehands still need to know how to use rope. In fact, members of Gardner’s union, the International Alliance of Theatrical Stage Employees, still need to prove they know how to tie basic knots. “If you go to the hall and you sit and wait to be assigned for work,” Gardner said, “they’re gonna ask you if you can tie certain knots. A stagehand needs to know how to tie a bowline, clove hitch, timber hitch, and a trucker’s hitch.”

For example, when Gardner and his team need to get a piece of gear up into the fly space above the stage, they typically use a rope to do that: “Someone ties a bowline and they pull it up. So, you need to have a bowline and need to make sure it doesn’t separate. We use timber hitches to hoist pipe and use a clove hitch to dead stuff off all the time. That’s one of the things we have to teach newer people. How to do that. How to belay, how to flake stuff off [lay out a coil on the floor so it runs freely]. How to do it safely.”

My next stop was at the Studio 54 theater where I met with stagehand Tom Goehring and also John Martinez, who is head carpenter at the Schoenfeld Theatre. Unlike the new Perelman Center, where most of the lifting line is wire rope and the process is highly automated with electric motors and computerized controls, the Studio 54 Theater, which opened as the Gallo Opera House in 1927, still uses rope handlines for controlling the weighted arbors, which are still hauled up by hand.

“This is a single purchase counterweight system,” Goehring explained. “We’ve got a loop with an arbor on it, and it’s a 60-foot grid. And we’ve got four wire rope lines going out to the batten.” Goehring was describing the “set” for one batten. The theater has thirty-one arbor-weighted line sets and could theoretically run that many battens with scenery, backdrops, and so on.

Since there was no show at the theater when I visited, all the battens were empty. But when the battens are loaded, each one is counterweighted by adding weights to the arbor. Goehring pulled up one of the arbors using the handline. “So now really the only thing I’m pulling against is the friction and the cable through the wheels. And as the cable shifts from above the batten to above the arbor, I get a little bit heavy here. And then as the batten comes lower, I get a little more weight that way. At some point they’re pretty much in equal equilibrium. If you’re perfectly balanced then that’s about halfway up.”

The potential loads involved are tremendous. Martinez related an instance when a show had a nearly full-size set of a suburban house: “So, a full arbor is about 2,000 pounds. Sometimes we’ve joined eight arbors together. We had a giant house down here for a show and it was the full width of the stage and about 10 feet deep. And there were about forty lines. So, we had forty lines coming out off of ten arbors. And it was about 18,000 pounds.”

Later, Martinez walked me down the street to the Booth Theatre, where we met its head carpenter, Gabe Harris. The Booth is somewhere halfway between the older setup at Studio 54 and the up-to-date Perelman, which was completed in 2021. Gabe Harris emphasized that the Booth’s rigging runs on three-sixteenth aircraft-cable wire rope. “The majority of Broadway houses are still what we call hemp houses. And this was one of them. That is the old school way of doing the rigging. A lot of us don’t like to use it.”

When I asked Harris why, he was quick to explain: “You can take a, you know, two-foot piece of nylon or Dacron, you can look at it right away and say, that’s fine, it’s gonna hold X amount. You can take someone who’s been working with hemp for ten or fifteen years, give them two identical pieces [of hemp rope] that look the same and ask them, ‘Which one is gonna hold more?’ And they won’t be able to tell. It can be rotted inside.”

Harris said he once had a nasty surprise when pulling on a hemp handline to raise a weighted batten. “The next thing I know I was on my back. The hemp was coming down on top of me. It snapped right above the knot.”

On the next part of my tour, Harris led us up a tiny spiral stair that twisted into the space above the stage. Up there I saw the aircraft cable winches that move the battens “in” and “out” at the Booth. And I saw the computerized control board that runs the winches. When a show is being performed, all the lifting and lowering is done by electric winches timed by computer.

Even still, I was surprised to see many coils of hemp rope made off to the long pin rail. Harris explained that the fiber rope was still used to raise gear up to the grid level above the stage: “It’ll go up on hemp and then we dead it off. Then we just slack the hemp off and it just sits there.” The coils at the Booth were some of the final survivors of a long tradition of rope rigging in the theater that is being squeezed out by synthetic fibers and wire rope.

For Gardner, Martinez, Harris, Goehring, and the other stagehands, though, it won’t matter what type of rope they use. They love the magic of their jobs. “Like Radio City … that’s a huge place,” Gardner said excitedly. “They have eighty or ninety-line sets. They’re able to hang and fly and land huge heavy pieces of scenery there and land them, just kiss them right into the stage when they need to. You know, that’s awesome.”

Martinez agreed, smiling when he added, “There’s something really special about it all.”

Rope and wire rope are also key tools for rigging music acts that travel from venue to venue while on tour. As Gardner, who has worked music shows, explained, “If you’ve got say, Metallica or Taylor Swift doing that in a football stadium, they will come in and a lot of that is set up in one day. They come in and, say, have five sticks of trusses with lights on them. We hang a bunch of chain motors, we snatch ’em, put ’em in the air. You get it all up and done by one o’clock so they can sound check by three and then open the doors, have the show, and then you come back at eleven o’clock at night and take it out. That eleven o’clock load out is probably gonna be done hopefully by three or four in the morning. Pack the trucks and say goodbye. What a life!”



DAREDEVILS AND DOUBLE SPINNERS

One set of performers who really rely on the ropes for their act are the daredevils who fly in the Danza de los Voladores, or Dance of the Flyers—a spectacular mix of colorful red costumes, rope, gravity, and courage. The Danza de los Voladores is a ritual of the Totonac peoples of Veracruz, Mexico. Four men swing upside down from the top of a 90-foot pole, their weight causing rope to unwind from a reel at the top. They spin outward as gravity eventually brings them to earth. The exact origins of the performance are not completely understood, but there is evidence that the ritual was important to pre-Columbian peoples from Mexico to Nicaragua.24 “The ritual begins with a dance to drum and flute music that is dedicated to the four cardinal points at the base of the stick. Then the group of five dancers climbs to the top of the pole where ‘the apple,’ a tropical red cedar winch, and ‘the painting,’ a square wooden frame suspended by ropes, have been placed. The four who sit on the square tie the ropes that are wound around the pole around their waists. The musician, usually the leader of the group, dances again in all four directions, both sitting and standing on the top of the block. Once this part is finished, another song is played as the four flyers recharge backwards and begin their descent to earth. The ropes take a few minutes to unwind as the participants rotate downwards around the stick,” wrote Jeffrey Wilkerson.25

When the Voladores begin their descent, heads down and feet toward the sky, the act looks possibly deadly. Surely, we think, their heads will hit the earth hard. As they descend, however, the four flyers scribe a steadily wider circle as centrifugal force draws them outward. They also slow down the longer they fall. The Voladores, of course, have calculated the height perfectly such that when they reach the ground, they are moving slowly enough to nimbly lower their legs and land on their feet.

A less dangerous form of rope trick is found every day on streets worldwide: two 11-foot ropes spin in opposite directions and between them is a jumper who must stay clear of these contra-rotating lines and perform tricks of fancy footwork. The origin of the name is hazy, but the story goes that after the English took possession of New Amsterdam from the Dutch in 1664 and renamed it New York, new English arrivals saw Dutch children jumping with twin ropes and thus called the game “double Dutch.” This rope jumping game remained an urban favorite.

In 1973 a New York Police Department detective named David Walker wanted to encourage the athleticism of the young girls he saw playing in his Harlem neighborhood: “I thought I could add some rules and regulations and make it into a team sport.”26 The first competition he organized took place in 1974 at Lincoln Center. The sport’s big U.S. annual competition is the Double Dutch Holiday Classic every December at the Apollo Theater in Harlem.

I spoke with Lauren Walker, David Walker’s daughter, who has used her sports management degree from Saint Louis University and subsequent management experience to become president of the National Double Dutch League. She stressed that her father was the person who codified the rules of the sport. “My father started this and helped countries start international governing bodies. His dream doing it was to give young girls an outlet. Something to do in Harlem during the 1970s when there were a lot of things for boys, but there weren’t a lot for young girls.”

According to Walker, her father also made rules about using a soft rope like polyester instead of plastic-coated wire. “We use a cloth-like sailing-type rope,” she explained. “And the reason for that is when my dad started back in the days, he was going into school systems and the wire some kids used was tearing up the floor.”

When I asked Walker what makes double Dutch rope skipping special, she focused on the value it has primarily for young girls: “The sport has taught women teamwork, creativity, and has helped develop their self-esteem. Double Dutch has helped create lawyers, doctors, school teachers, you know, stay-at-home moms that are hardworking. That has come out of this sport, this Black girl magic that is urban culture and that has resonated to urban communities around the world.”

In the next chapter, we’ll examine the use of rope for fulfilling the itchy human desire for adventure both high and low—from mountaineering to spelunking.








STRAND THIRTEEN
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ROPED TO ADVENTURE



FOR THE 1953 AMERICAN K2 expedition, the turn of events was crushing. The eight expedition climbers had worked hard and were at the highest camp they had established on the mountain: Camp VIII, at 25,590 feet (7,800 meters). The summit lay only 2,660 feet (811 meters) above them. But days of storms with 80 mph winds and endless snow had kept them pinned in camp, where their physical condition slowly ebbed in the thin air and punishing cold. Then the day of August 7 brought a break in the weather. The wind dropped and the cloud deck was higher, lending the day a brightness that seemed to herald good fortune. When they wriggled out of their tents to greet this positive development, the group felt renewed hope that they could summit at last. Suddenly, the good feelings fled as fast as they arrived. As Art Gilkey, one of the expedition climbers, “crawled out to join” the others, “he collapsed unconscious in the snow.”1

Charles S. Houston, another climber, was a doctor. After Houston and others carried Gilkey back into a tent, Houston was quickly at Gilkey’s side: “As soon as I examined him, I knew with a sinking heart that real trouble had hit us.… The diagnosis was all too clear. Art had developed thrombophlebitis. Blood clots had formed in the veins of his left calf, cutting off the circulation and jeopardizing his leg. Already the ankle was swollen and red,” Houston wrote in K2, The Savage Mountain.2

Gilkey’s illness meant that the summit attempt was no longer on the table. Even at sea level, Gilkey’s condition could easily be fatal should blood clots break free and lodge in the lungs. At such a high altitude, the danger was far greater. “He would not recover enough to walk down. We could not carry him down. But we could try, and we must,” wrote Houston.3

While making a first attempt, storm conditions returned. They realized the danger of an avalanche was great, so they returned to Camp VIII and waited out the storm for another two days. During Houston’s next examination, he put his stethoscope to his patient’s chest, and he could hear that clots had broken free from Gilkey’s legs and had lodged in his lungs. Houston knew that Gilkey would not survive much longer. He called base camp and told them, “We must get him off the mountain.”4 They decided to start their downward climb the next morning in an effort to save Gilkey’s life.

The storm winds keened as they prepared for the descent. The expedition had brought with them a total of 960 feet of nylon rope. Unlike pre–World War II expeditions, such as the 1938 failed American effort to climb K2, this attempt at the summit was relying solely on relatively new synthetic-fiber rope. And that rope was going to be a key part of getting Gilkey down the steepest slopes of K2’s icy stone pyramid. They wrapped Gilkey first in the remains of a tent that had been wrecked by heavy snow and then with a rucksack that covered his feet. They “tied nylon ropes to him in such a way that they cradled him. Four ropes, tied to this cradle, could be held by one man ahead, one man behind and one to either side.”5 Having completed their preparations, the team started down into the storm, the high wind and snow squalls often reducing visibility to zero.

They found the descent slow and laborious, having to belay each other in addition to the immobile Gilkey. The accumulating fresh snow steadily raised the risk of avalanche. While descending a long, steep pitch, they had to tie ropes together, a difficult task as their fingers grew numb with the cold. Another climber, Robert H. Bates, recounted that “When we got to the steepest pitch … someone managed to tie two 120-foot nylon ropes together and we … lowered Gilkey down, down in the only direction the slope would permit. Houston and I … braced on the storm-swept ridge, backs to the wind, could feel the terrible gusts trying to hurl us off the rocks.… We slowly payed out the coils of rope, thankful that they were of nylon and would not freeze in kinks.”6

The group had to navigate yet another steep ice cliff. Below them and to their left was a small ledge cut into the ice, which they called Camp VII, that had served as a bivouac during the climb up. They needed to get Gilkey down the steep slope and then across to the ledge, where they could all rest.

Pete Schoening set up a belay position by jamming his hickory-shafted ice axe behind a boulder that was frozen into the ice. He looped the rope around the axe and then around his body at the hip, controlling the rope with one hand. Schoening slowly eased Gilkey down the slope as the other climbers, George Bell, Tony Streather, Dr. Houston, Bates, and Dee Molenaar, climbed down to help from below. The eighth member of the team, Robert W. Craig, was resting before descending to work at enlarging the ice platform at Camp VII. At this stage only Gilkey was attached to the rope belayed by Schoening. Bell and Streather were roped together, and Houston and Bates were connected. But neither of these two-man groups were connected to anyone else. Molenaar had been connected to Craig but had unroped from him. As Gilkey was lowered by Schoening, Molenaar’s training and experience led him to tie into one of the ropes coming off Gilkey’s rope cradle.

While negotiating the steep ice slope dusted with patches of fresh powder, Bell lost his balance and fell. Since he was roped to Streather, Bell immediately pulled the other climber off his feet. They were both now hurtling downward toward the edge of a slope that fell away to the Godwin-Austen Glacier almost 2 miles below. Bell and Streather had been standing upslope from Houston and Bates and as the rope that stretched between them swept down along the ice, it snagged Houston, yanking him down. Bates saw this happening and reacted. “In almost the same instant I saw Houston swept off, and though I turned and lunged at the hard ice with the point of my axe, a terrible jerk ripped me from my hold and threw me backward headfirst down the slope. This is it! I thought.”7

Both two-man teams were sliding out of control. Houston, Bates, and Streather all slid toward the section of rope that extended between Gilkey’s rope cradle and Molenaar. One of the falling men must have snagged that rope as they slid past. This pulled Molenaar off his feet. Now six men were tangled in the crisscrossing ropes, and all six now loaded up the single rope that ended in Pete Schoening’s right hand. “When I saw George slip and then Tony and the others pulled off, I swung weight onto the head of the ax and held on as the rope slid a bit.… The strain on me was not too great, but at the ice ax that seven-sixteenth-inch nylon rope stretched until it looked like a quarter inch line.… For minutes, it seemed, the rope was taut as a bowstring. Snow squalls blotted out everything below, and I couldn’t tell what was happening. My hands were freezing but, of course, I could not let go.”8

Schoening’s low-key description of the event underplays the enormous danger to the fallen climbers and his heroic physical effort at holding the weighted rope. Two of the climbers wrapped up in the rope were injured but they were all able to slowly get up, sort themselves out, and take the weight off the rope so Schoening could relax his hold at last. Had Molenaar not tied into the rope on which Gilkey hung, the climbers would have slid to their deaths. Amazingly, the connection from Gilkey to Molenaar served to catch the falling men. Bates later summed up the accident in K2, The Savage Mountain: “Bad luck had forced us to move in storm and had placed us where the fall had swept us off, but good luck, the resilience of nylon rope, and a remarkable tangle had saved our lives.”9

Schoening’s saving effort came to be known simply as “The Belay” in mountaineering circles. Not only was it an example of Schoening’s strength and skill, but it was also a resounding affirmation of the new synthetic nylon rope.

Sadly, while all the climbers survived the accident, Art Gilkey was lost only a short time later. After an exhausting effort to expand the ice ledge with their ice axes and to get tents deployed, team members went back to retrieve Gilkey, who had been secured with two ice axes to the spot where he was right after the accident. But Gilkey was gone. They found evidence that another avalanche had passed through, and they guessed he’d been swept away. In 1994 an expedition to K2 led by British climber Roger Payne found human remains that were positively identified as those of Art Gilkey.10


EARLY CLIMBING ROPES

Rope-assisted mountaineering was taking place in the European Alps in the sixteenth century (or at least was being written about then). The first ropes used for mountaineering were made of natural fiber like hemp and flax. In 1574 Josias Simler, a professor in Zurich, wrote a history of the Alps, and he included a chapter on travel in the mountains. Simler highlights the value of a good rope when, for example, crossing a mountain glacier, observing that climbers “tie ropes round their waists, to which those who follow them are attached, and the leader sounds the path with a long pole, and carefully looks out for the crevices in the snow. But if an imprudent man falls into one of them, he is held up and pulled out by his friends who are fastened to the same rope.”11

In the nineteenth century the assault on the Alps began in earnest. The distinctive Matterhorn on the Swiss-Italian border was one of the last to be climbed. The first summit occurred in July 1865 by a British and Swiss team led by the British climber Edward Whymper. While descending, Whymper and Swiss climbers Peter Taugwalder and his son belayed four members of the party down a cliff. One slipped and, with the four tied together, he dragged the others down. Whymper wrote: “Old Peter and I planted ourselves as firmly as the rocks would permit: the rope was taut between us, and the jerk came on us both as on one man. We held; but the rope broke. From the moment the rope broke it was impossible to help them.”12

In the Southern Alps of New Zealand, an accident while British climber E. A. FitzGerald and the Swiss mountaineer Matthias Zurbriggen were making a first ascent of Mount Sefton in 1891 led to a happier, nearly miraculous rope story. Walt Unsworth wrote of the incident in Hold the Heights: The Foundations of Mountaineering: “The final arete was steep and loose. Tons of rock went crashing down to the glaciers at the merest touch. Near the top a large rock fell and knocked FitzGerald off the ridge. Zurbriggen, badly placed, had all his work cut out to hold him: ‘His marvelous sure-footedness was the only thing that saved us from instant death on Sefton,’ his companion later wrote. When at last the situation was retrieved it was discovered that two of the three strands of rope had been severed: ‘I had been suspended in mid-air by a single strand.’”13

Though the accidents mentioned above involved multiple climbers roped together, the standard practice of the time was not to use the rope so much as a safety device but as a climbing aid. The rope was often tied or even thrown lasso-style around a natural feature, like a protruding piece of rock, after which the climber would use the rope to ascend or descend. During this era the ethic of climbing solely on the rock, termed free-climbing, hadn’t fully evolved. Most climbers were inclined to climb supported by the rope that was, in turn, often supported by pitons (flat iron or steel spikes hammered into cracks in the rock with an eye hole for threading through a rope). Climbers would make extensive use of pitons as they climbed a face, often leaving the rock littered with the metal spikes after they descended.

Part of the reason for that style of climbing rested on the rope itself. Hemp climbing rope did not stretch. As a result, a fall when roped in could lead to serious injury as the rope came up tight, as climber and gear maker John Middendorf explained in his climbing history Mechanical Advantage: “the high impact forces combined with being tied in solely around the waist (no leg-loops) also meant that a long fall could likely break one’s back—if indeed the rope did not break!”14

Manila rope had slightly more give to it, but it was still relatively inelastic. By the 1920s many climbers and mountaineers had realized the danger of non-stretchy rope and attempted to introduce techniques to account for it. Middendorf wrote, “In 1920, Geoffrey Winthrop Young in Mountain Craft recognised that an ‘indirect belay’ where some sort of slippage occurred in the belay was preferable to a ‘direct belay’ (rope anchored or held fast during a fall), but it wasn’t until the 1930’s [sic] that the shock-loading characteristics of a climbing rope were formally recognised and considered, and the awareness of energy absorption over a longer time led to specific ‘dynamic belay’ techniques—intentional controlled rope slippage—first outlined by Richard Leonard in the USA and later by Ken Tarbuck in the U.K. Only then did climbers feel more secure in taking actual lead falls on the high-impact-force natural fibre ropes of the era, and only then with an expert (gloved) belayer.”15

The first major change in this issue of belaying and taking long falls was, as we saw in the account from K2 and Schoening’s famous belay, the use of nylon rope, which is marvelously elastic and can stretch up to 39 percent of its length without breaking.16 The nylon rope used by the 1953 American K2 expedition was constructed much like rope had always been made: yarns were twisted into strands and then the three strands were twisted in the other direction into a finished rope. Due to its ability to stretch and return to shape, three-strand nylon was well suited for use in the dynamic mode, as in belaying while climbing or descending.

In 1953 a German company named Edelrid came out with a new type of synthetic rope construction. This new type was dubbed a kernmantle rope, from the German kern, meaning core, and mantel, meaning coat or covering. The kernmantle rope ignores centuries of ropemaking practice and divides the rope structure into two parts; instead of strands that are composed of individual yarns twisted together, which all work equally to provide the strength of the rope, the kernmantle approach puts the majority of the strength into a set of fibers in the core of the rope. In some kernmantle ropes these fibers are laid parallel; in some, they are given a twist. Kernmantle ropes with a twisted core are more stretchy and are used as dynamic ropes, while ropes intended to be used for static work have untwisted cores.

The second kernmantle element is the braided cover. This cover material’s main job is to protect the inner core fibers from abrasion and thus being weakened. A kernmantle rope can devote its core fiber properties toward strength without having to worry about abrasion like all the fibers of a three-strand rope. Kernmantle climbing ropes began to be widely available in the 1960s, first in Europe. In the United States, the Plymouth Cordage Company made a three-strand 7/16-inch nylon climbing rope called Goldline (the fibers were dyed gold) that was popular until the early 1970s when Yvon Chouinard’s company Patagonia introduced a brightly colored kernmantle rope called Fantasia that rapidly became popular.17

A problem that can bedevil both three-strand ropes and kernmantle ropes when climbing or mountaineering is sharp rock edges. The force of a rope running over a sharp edge while under load can cut or weaken fibers of both rope types. A new effort by ropemakers is to provide cut resistance to their ropes. Some kernmantle ropes now include an aramid (think Kevlar) layer between the outer cover and the core. This tough layer resists being cut.



RIGGING UNDERGROUND

Rock climbers and mountaineers have to deal with wind and weather upsetting their plans, but there is a group of rope-assisted adventurers who never have such worries. Cavers, also called spelunkers (definitely one of the best names of any sport, from the Latin spelunca for cave), make use of their rope underground in the dark. While they don’t have to battle hurricane-force winds, they do have to contend with mud, water, and squeezing through narrow passages guaranteed to make claustrophobes out of most people. Since there’s often climbing to do, cavers carry ropes and climbing gear much like mountaineers. Cavers ascend and descend ropes and use various types of hard belay and safety points like bolts that are often hammer-drilled into rock. In caving it is more acceptable to climb on the rope and the gear than when free-climbing in rock climbing.

Another big difference is water. Caves are often wet, and this can have a serious effect on the rope. As one manual notes, “A rope rigged in a cave should always be viewed as a wet rope, even if the pitch is dry. Moisture reduces a nylon rope’s performance; breaking strength, for example, is reduced by about 10%. Shock absorption capacity is reduced by much more: almost half. If a rope stays too long underground (i.e., several years), it can have serious effects on the rope, even resulting in breakage during normal use.”18

A wet cave can also have plenty of mud that gets all over the gear and the rope (not to mention the cavers). The more mud a rope absorbs, the worse its long-term strength and reliability. And caves can be more than merely wet, they can flood—which raises the danger of drowning underground.

To get a better idea of the importance of rope in caving, I spoke to Peter Johnson, an experienced caver and a board member and chair of the directorate of the National Speleological Society.

“I would go so far as to say that the major era of cave exploration didn’t occur until kernmantle rope was widely available,” Johnson said. “There’s such vertical spaces that there’s no way to access these until mechanical rope descenders and, you know, good high-quality modern-day rope. Obviously, people did stuff before kernmantle rope existed, but since the fifties and sixties you’ve kind of had this proliferation of expeditions and exploration and people getting deeper and deeper into these places in a way that was just completely impossible in, say, 1898.”

Johnson has been part of this golden age of cave exploration, notably in an ascent of Perseverance Dome at Hellhole cave in West Virginia. He and fellow caver Derek Stone (with cavers John Groh, Yvonne Droms, and Bill Steele participating on sections of the climb) ascended the previously unexplored vertical shaft, finally reaching the top in April 2014 after four expeditions and a 526-foot rope-assisted ascent. Perseverance Dome is one of the tallest cave dome features so far discovered in the United States.

For some years Johnson has worked for the U.S. Forest Service in the Bob Marshall Wilderness in Montana. Johnson has led groups exploring caves and setting fixed ropes for future exploration. He noted that the type of exploration they do now would be extremely difficult using natural-fiber rope for a variety of technical reasons, but also because hemp or manila rope of sufficient strength would be much bulkier and more difficult to carry through narrow passages. “It’s usually bigger diameter for the same strength, so [you] can’t carry enough of it,” Johnson said. “It’s too hard to climb. It’s not really suitable for what we do technically now.”

Johnson also spoke about the seemingly magical strength of a climbing rope. “You’re exploring the cave and you’re like, oh, I’m just hanging here in dead space. You know, 30 feet from the wall in either direction on something that’s the size of my pinky.” Johnson laughed. “Sometimes, you know, you try to not think about it too much.”

In the next chapter we’ll delve into two examples of how simple rope is still used to further the results of cutting-edge science.
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ROPING IN THE FUTURE
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TIED UP IN SCIENCE



AT ROUGHLY 10 P.M. PACIFIC Daylight Time on August 5, 2012, a capsule entered Mars’s wispy atmosphere 77 miles (125 km) above the planet’s surface. Having recently arrived after a long trip from Earth, the spacecraft was moving at a speed of more than 12,000 mph (19,312 kph). The capsule contained the Curiosity rover, which was the heaviest rover NASA had ever attempted to land on Mars. Now a prisoner of Mars’s gravitational field, the rover would end its journey on the Martian surface either as a debris-dusted crater or as an intact six-wheeled vehicle. Scientists and engineers at NASA’s Jet Propulsion Laboratory (JPL) had worked for many years designing the car-size rover and fervently hoped its rope-assisted landing method would not fail.

While Mars’s atmosphere is much thinner than Earth’s, the vessel’s heat shield still was hot enough to glow as it traded speed for heat. Were this a spacecraft landing on Earth, the hardest part would be over. A capsule returning to earth can use a thick ablative heat shield that burns away layers of sacrificial material and in so doing slows down the capsule fast. Landing on Mars, however, is a far trickier task than getting to the surface of Earth. The reason lies with the Martian atmosphere. It’s a shadow of Earth’s dense nitrogen/oxygen soup.

The Martian atmosphere was simply not thick enough to bleed off enough of the hurtling energy of Curiosity’s capsule. If the engineers at JPL tried to use a heat shield alone, the 1,982-pound (899 kg) rover would hit the surface still moving at close to 1,000 mph (1,600 kph).1

Curiosity needed two methods to slow the rover capsule down and get it on the surface in one piece: a parachute and a “skycrane.”

Even though Mars has such a thin atmosphere, parachutes had been successfully used in previous Mars landing missions. The big difference this time was that the Curiosity rover weighed close to a ton. The combination of speed and mass meant that the parachute would need to open while the spacecraft was traveling at supersonic speed. The chute and the synthetic-rope shroud lines connecting the chute to Curiosity had to absorb the shock of such a speedy deployment.

There were some administrators at NASA who wanted to do away with the parachute idea for Curiosity’s landing and go with large, downward-firing rockets all the way to the ground. At an important meeting, chief engineer Rob Manning pointed out, however, that there were good reasons to go with a parachute: “Rockets would require more than 1,000 pounds of additional fuel. This would not only put [Curiosity] above the launch vehicle’s lift capacity, but we would also need to develop a whole new technology of flying our rocket engines backward supersonically against the flow, a technique that few had studied much less developed.”2

Given the limitations that all space missions face, the decision was made to go with the huge 70-foot-wide (21.5 meters)supersonic parachute and rely on the agency’s experience with parachutes on previous Mars lander missions. A sound decision, but it meant building a chute that could withstand 65,000 pounds (29,480 kg) of force.


ATTACHING THE CHUTE

I spoke with Al Witkowski, the lead parachute designer and builder at Pioneer Aerospace, the company that built the parachute and shroud lines for Curiosity. I asked Witkowski how important rope was to the success of the Curiosity landing.

“Good God, yeah, it’s key,” Witkowski said. “The parachute is what they call a single point failure. If the parachute doesn’t work, the mission’s over. So two and a half billion dollars was riding on those 2.8 miles of rope.”

For the critical job of attaching the parachute to Curiosity, Witkowski and his crew chose a type of synthetic rope called Technora, which is an aramid fiber similar to Kevlar, but according to Witkowski was 10 to 15 percent stronger. The Technora shroud lines were attached to shorter Kevlar lines that made the final connection to the spacecraft. To make sure the parachute/shroud structure was as strong as possible, each shroud was continuous. “Eighty suspension lines that started at the riser and went over the canopy and back down the other side,” Witkowski said. “You do that so there’s no joints. Every time there’s a joint, you have a loss of efficiency. We made special braid Kevlar that was a little bit heavier that matched the strength of the Technora. The last three feet or so was Kevlar webbing to where it attaches to the spacecraft.”

To get the parachute with its one million painstakingly applied hand stitches out into the Martian airstream, JPL engineers designed and built a mortar-like device with a pyrotechnic charge. It blew the parachute and its shrouds out at a speed of 40 meters per second.

What made all this especially harrowing, of course, was that there was no simple, inexpensive way to test the chute and shrouds for Curiosity. Earth’s lower atmosphere was too dense. The only way to realistically test the chute was in the upper atmosphere above 30,000 feet, where the pressure was more akin to Mars. NASA had conducted tests using sounding rockets (small rockets that reach the upper atmosphere) when preparing for the Viking lander missions in the 1970s, but the agency was not funded to conduct similar testing for Curiosity’s chute.

The next best thing was testing the parachute and shroud lines at the National Full-Scale Aerodynamics Complex (NFAC) wind tunnel at NASA’s Ames Research Center in Northern California. The tests were to see how the chute might deploy in a supersonic airflow, but there were problems because, again, Earth is not Mars. One of the strangest problems they faced with tests was when the chutes would invert when opening. Even Manning was baffled. “That didn’t make sense. How could a parachute turn inside out?”3

The high-speed cameras at NFAC’s wind tunnel were not fast enough to record what was happening with the deployment. They were replaced with much higher-speed cameras that showed the problem.

“In a tunnel you’re going horizontally as opposed to vertically,” Witkowski said. “So as you deploy the parachute and the parachute starts to inflate, gravity’s working on it. So what’ll happen is the top part of the parachute will go down because of gravity. Air will catch it, and it’ll try to invert the parachute. And it’ll feed through the cords on the bottom, and you’ll end up just tearing it apart because it can’t inflate that way.”

Since the parachute would be deploying vertically on Mars, the team had to decide whether Curiosity’s chute would be okay, ultimately determining that the inversion issue would probably not be a problem.

Because of the millions of miles separating Earth and Mars, commands sent to the Curiosity spacecraft from JPL would take far too long to arrive. Thus, as soon as the craft started its entry into Mars’s atmosphere it was solely under the control of its onboard computer.

Five minutes after entering the atmosphere, at an altitude of 6.2 miles (10 km), it was time for the parachute to justify all that careful construction and testing. As Rob Manning wrote in his and William L. Simon’s book Mars Rover Curiosity, “The rover now fired the pyrotechnic device that lighted off the mortar cannon containing the 100-pound chute. Within two seconds, a disk of orange and white nylon fabric, 70 feet (21.5 m) in diameter, was violently dancing behind.”4

Had it fouled, inverted, or failed to deploy, Curiosity would’ve been doomed. But the parachute inflated as planned and slowed the craft to subsonic speeds. For Al Witkowski this experience reinforced the knowledge he’d gained from building parachutes for previous Mars missions. “Curiosity was my sixth successful parachute on Mars,” he said. “Parachutes are a lot of fun. There’s a thing saying you should do a lot of puzzles, you know, to exercise your mind daily. I was doing puzzles every single day.” In fact, with later missions after Curiosity, Witkowski now has eight successful Martian parachutes under his belt.



HANGING FROM A SKYCRANE

As effectively as the parachute and its Technora and Kevlar ropes performed, however, Curiosity was not safely on the surface yet. Twenty-eight seconds after the chute deployed, the heat shield at the bottom of the capsule fell away. The Curiosity rover was now exposed to the Martian environment, and a radar altimeter in the spacecraft’s terminal descent system began measuring the distance to the surface.

Only seventy-seven seconds after the heat shield was jettisoned, the parachute had done its job. At an altitude of 0.6 miles (1 km) the chute, and the back shell of the capsule to which it was attached, separated from the rover and drifted away. The rover was still falling at about 200 mph (321 kph), however, so it needed some help or it was going to crash hard into its targeted landing area at Gale Crater.

This is where the second major descent system kicked into action. Wrapped across the top of the Curiosity rover was an assembly called the descent stage—it was unofficially dubbed the “skycrane.” This unit was equipped with eight small downward-pointing rocket engines powered by the monopropellant hydrazine, which decomposes into hot gasses when it flows over a catalyst. When the parachute and back shell separated from the rover and the skycrane, the skycrane engines fired up. The first thing the skycrane had to do was a divert maneuver to avoid hitting the back shell and parachute. After that, the skycrane slowed the rover down so there was no more horizontal movement and the skycrane/rover package was falling straight down at 70 mph (113 kph).

When the rover got to within 75 feet (23 meters) of the surface, it stopped descending and hovered in the Martian air. And this is where ropes again came into play. The rover was connected to the skycrane by three nylon and Vectran ropes. These would be used to slowly lower the craft down to the surface. Manning and Simon detailed how the descent unfolded:


The rover released herself from the descent stage [skycrane] onto her three nylon and Vectran bridle ropes, which paid out gradually along with an electrical cable that carried communications between the rover’s computer and the descent stage’s electronics.

As the rover lowered, the small explosive charges released the rover’s six wheels from their stowed position, and they snapped into place. The rover now hung 25 feet (7.5 m) below the descent stage as it continued its slow approach.

Soon all six wheels made contact with the surface. As the descent stage continued to drop, the rover sensed the change in the rocket thrust and recognized that the rover had landed.5



The skycrane had performed admirably and it was time for the rover to use special fittings to cut the bridle ropes. The rover’s computer then sent its final command to the skycrane to “fly away” before cutting the remaining communications cable and freeing itself. The skycrane, engines still thrusting, obediently flew off to a predetermined safe distance and nobly crashed itself into the red surface.

Amazingly enough, this multiple-operation landing sequence unspooled without a problem. As the last smoke cleared, Curiosity sent a message to JPL that basically said, “Whew! Made it! I’m on Mars.” Along with all the sophisticated space hardware, rockets, computers, and many lines of software code, Curiosity’s landing was reliant on a few lengths of rope that even a Neanderthal would have recognized.



ICECUBE

There is a science experiment at a South Pole research station that would be impossible without rope. It has a name that seems whimsical but is actually a straightforward description of its physical nature: the IceCube Neutrino Observatory, or just IceCube. The experiment makes use of a massive volume of Antarctic ice to help sense nature’s most elusive particle. Neutrinos, of course, are one of the great superlative particles of physics. There’s something bizarre and even a little unsettling about the idea that approximately one hundred million neutrinos pass through our bodies each second. The earth is bathed in a constant flux of neutrinos from the sun and from astronomical processes around the galaxy. So why bury a detector in a kilometer of ice at the South Pole? It seems that with so many neutrinos bouncing around, detecting them would be child’s play. The vexing part of finding neutrinos, however, is that they have no electrical charge and don’t easily interact with most forms of matter. We would have to wait about one hundred years for a single neutrino to interact with a detector the size of a person.6

Luckily, though, there are a few ways to detect neutrinos. Sometimes a neutrino will hit a molecule of ice or water in such a way that the interaction releases a tiny flash of blue light. IceCube makes use of this effect, called Cherenkov radiation.

Dr. Delia Tosi, who works on the IceCube team and is installation lead for the upcoming IceCube upgrade project, explained this process to me on a Zoom call. Her explanation—in terms of muons and cascades of particles and a few other arcane physics processes—frankly sailed right over my head! The basic idea, though, is that the Cherenkov light can be detected by an optical sensor, and the pattern of detections gives researchers a clue toward the energy and origin of the neutrino.

The IceCube Neutrino Observatory is composed of an array of eighty-six wire rope cables in the ice, with each cable holding sixty digital optical modules, or DOMs, which pick up the Cherenkov flashes and send that data to the surface. The cables extend from the surface down to a depth of 8,038 feet (2,450 meters). Each cable is equipped with DOMs starting at a depth of 4,757 feet (1,450 meters) and continuing on down to the bottom of the cable with the sixty detectors evenly spaced throughout. The entire array of cables and detectors in the ice fills a space of 1 square kilometer (hence IceCube). With 4,700 feet of ice above the first level of detectors, the array is largely isolated from other types of radiation and so can focus on detecting neutrinos.

Also on the Zoom call with Dr. Tosi and me was Perry Sandstrom, an electrical engineer who worked on the original IceCube project and is a project engineer on the upcoming expansion. “There are two types of cables in the project,” Sandstrom said. “One is a surface cable and then we have the down-hole cables.”

The down-hole cables that support the DOMs are composed of twenty smaller ropes, each of which contain four electrically conductive cables for sending signals from the DOMs, along with two polyethylene filler lines to maintain structural symmetry. At the center of the down-hole cable is a Kevlar rope that lends strength to the whole assembly. The Kevlar fibers in this rope are not twisted but run in parallel with each other, providing significant strength to the down cable. “That keeps the cable from basically stretching under its own weight,” Sandstrom said. “It has a lot of breakouts and stuff [for instruments] in the down-hole cable part. But it’s self-supporting and it’s a mile and a half long.”

The DOMs are attached to the main cable using three galvanized steel 3/16-inch 719 aircraft cables. Amazingly enough, these three lengths of wire rope that hold each DOM to the main cable are strong enough to support the weight of the entire down-hole cable.



MELTING ITS WAY DOWN

Putting those eighty-six Kevlar cables into the ice was done using a hot-water drill that melted each 8,000-foot-deep bore hole. Once the drill reached the bottom of the bore hole and was withdrawn, the clock was ticking for the installation team. They had a deep shaft full of water that immediately started to refreeze. “When the drill comes out, the hole is full of water and it’s refreezing,” Tosi said. “So, when we do the installation, we have a very tight time limit because at a certain point the hole will be too small for the sensors to go into. The freezing process is also hard to imagine because the ice freezes faster at the top. The top is minus fifty C [-58°F]. And at the bottom is about minus twenty C [-4°F]. The bottom of the ice is warmer due to geothermal heat from the earth.”

The IceCube observatory detects about one hundred thousand neutrinos per year.7 The observatory, which is located at the Amundsen-Scott South Pole Station, is run by the University of Wisconsin and the National Science Foundation (NSF). Currently the NSF is considering a proposal to increase the size of the observatory with an expansion called IceCube-Gen2 that will add more sensors encircling the present array. When constructed, the expanded observatory will be eight times larger than the current array and should detect one million neutrinos every year.

The Gen2 setup will actually rely more heavily on synthetic fiber rope. The lower section of each cable string will be hanging on lengths of fiber rope. “We have a deep area for the longer strings where everything is connected to 10-millimeter rope,” Tosi said. The synthetic fiber making up this rope will be ultra-high-molecular-weight polyethylene.

After the IceCube-Gen2 expansion is completed, there will be many thousands of neutrino sensors suspended on wire rope and synthetic rope frozen into the Antarctic ice. What will happen to the array in the future? When I asked Tosi and Sandstrom this, Sandstrom chuckled and assured me that the array will definitely come out of the ice—but it won’t be anytime soon. “A hundred thousand years from now,” Sandstrom said, “when the glacier calves off into the sea.” IceCube’s eventual demise will come about because the ice in which the array is embedded is moving at roughly 30 feet (10 meters) a year. Eventually this section of ice will reach the Antarctic coast and slide into the vast Southern Ocean.

Will we still be using rope in future centuries? Or will rope as we know it have been superseded by something else? In the next chapter we’ll investigate this question.








STRAND FIFTEEN
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FUTURE YARNS



IN THE NEAR FUTURE, ROPE may be eclipsed by a material that is beyond rope as we know it. And the structures it could enable would take us into a new era beyond earth.

It might go something like this. Twenty years from today we are on a small ship crossing calm ocean water. If earth’s lines of latitude were drawn on the ocean’s surface, we’d see this ship is steaming due west, down the line of the equator in the Pacific, 1,800 miles (2,900 km) off the Ecuadorian coast of South America. Ahead of the ship is a floating platform. At first glance we might mistake it for an oil drilling rig. But instead of probing the ocean floor 13,000 feet (3,963 meters) below, this platform is devoted to the sky above. A thin, shimmering ribbon extends from the superstructure of the platform upward into the blue, disappearing in the glare of the sun. As the ship gets closer, the ribbon, impossibly thin and straight, takes on the shiny look of a mirror.

On board the ship is a small shipping container. After the ship docks alongside the platform, we see a crane transfer this container to the platform. Next, a forklift moves the container into the building that dominates the platform. We disembark from the ship and are led to the center of that building. There, in an open work bay, is a large boxlike object. One end of this structure has doors that stand open. The forklift places the container from the ship into this open box. Then the doors of the larger box close, the container safely inside.

Only now does it become apparent that leading up from below, passing through the box and then extending from the top of the box and on upward, is the same shimmering, mirror-like ribbon that we saw from the ship as we approached. After a few final checks, the order is given, and we hear the whir of electric motors as the box begins to move upward. The box reveals itself to be a climber that is heading up the ribbon using electrically driven traction wheels. The box continues rising and emerges above the platform’s building. Once clear of the building, the object’s rate of climb increases. We see that this climber is like an elevator car, but instead of being lifted by the ribbon-like tether, the tether is fixed and the climber is pulling itself aloft like a mountaineer ascending a rope. It’s moving steadily faster and growing ever smaller as we watch from an observation deck on the platform. Soon, it’s impossible to see, lost in the bright sky.

If we were aboard the climber as it rose, we’d see the platform below grow ever smaller. Eventually we’d see only the placid equatorial Pacific Ocean in all directions. Above the climber the mirror-like ribbon extends upward into invisibility, lending the whole process a tinge of the magical. The view from the climber steadily changes as it ascends and more of the earth becomes visible. Soon the globe’s curvature is apparent. As the climber rises, it extends a set of solar panels to help drive its electric motors.

Within a few hours, the climber is 100 miles above the ocean and still going up the ribbon. The sky transforms from the blue of the atmosphere to the black of space. Many hours later, the climber has reached the height of geostationary satellites, 23,000 miles (37,000 km) above the surface. Here the climber stops and opens its doors. The container it carries is released. Now floating in free fall in geostationary orbit, the container opens and inside is a satellite, which uses its thrusters to move into its assigned orbital slot as it unfolds its solar panels and aligns itself with the earth below.


THE SPACE ELEVATOR

The above account of the “launch” of a satellite using a system called a space elevator reads like science fiction (minus the “pew-pewing” of lasers and grumpy aliens). A tether strong enough to form the basis of a space elevator—the ultimate rope ever conceived—seems impossible. Right now, the concept is still in the province of unrealized technology; the only way to launch satellites is the way we’ve done it for the past six decades or so—with rockets.

Amazingly enough, however, the technology to build a space elevator is tantalizingly close. And while it won’t happen tomorrow or in five years, the first space elevator could be constructed and deployed in as short a time as twenty-five years. According to its most fervent adherents, the major technological problem of the tether, a rope so fantastically strong as to invoke the fabled Indian rope trick, is within humanity’s grasp.

A space elevator is a “transportation infrastructure leveraging the rotation of the Earth to raise payloads from the Earth’s surface towards space.”1 We can test the basic concept ourselves using a rope with a weight tied to one end and some room to spin it. The force of our spin makes the weight fly out until it’s stopped by the rope. Then, as we twirl, the weight flies in a circle around us and the rope becomes a taut line.

Now scale everything up. Attach the rope to the earth—which spins at 1,037 mph (1,670 kph) at the equator—and run it 62,000 miles (100,000 km) up into space, where it is attached to a counterweight. Somewhere around halfway up the tether, the centrifugal force on the weight and the force of gravity pulling down on the tether balance out. The result is a taut rope that we can climb up into space.

The first idea for a space elevator is attributed to the Russian mathematician Konstantin E. Tsiolkovsky, who wrote in 1895 of an impossibly tall tower reaching to space. In 1960 a Russian engineer named Yuri N. Artsutanov wrote an article titled “To the Cosmos by Electric Train” that suggested using a super strong cable instead of a tower.2 In 1975 the NASA aerospace engineer Jerome Pearson published the paper “The Orbital Tower: A Spacecraft Launcher Using the Earth’s Rotational Energy.” This was the first description of a space elevator that did some serious number crunching to prove that, if a suitable tether material could be found, the space elevator concept was backed up by solid physics.3 Pearson’s training as an aerospace engineer lent the idea more credence in the scientific community.

I spoke with Pete Swan, the head of a new firm called the Space Elevator Development Corporation and who until recently was president of the International Space Elevator Consortium (ISEC), and asked him why a space elevator is needed. He pointed out that the issue is getting tons of material into orbit efficiently. “Humanity has only put 22,000 tons into lower earth orbit,” Swan said. “And the statistics for delivery to geosynchronous [orbit] from the surface of the earth is two percent of the mass.” In other words, a rocket sitting on a launch pad can only put 2 percent of its total mass into geosynchronous orbit. For trips to the moon or Mars the mass delivery is down to 0.5 percent. The rest of the rocket mass is the structure of the rocket itself and overwhelmingly the weight of its fuel.

Another downside to rockets is that their fuel burn pollutes the atmosphere. According to ISEC, in the year 2021 rockets put one million kilograms of black-carbon pollution directly into the stratosphere.

An electrically powered space elevator doesn’t need to lug all that fuel along and so can concentrate on lifting payload. Swan and other members of ISEC are currently planning for 7-ton elevator cars, or climbers as Swan and ISEC call them, each with a payload of 13 tons.

Not only can the space elevator potentially lift tonnage more cheaply, but it has another use as a way to slingshot material to the moon, Mars, and other places in the solar system. This is because the apex anchor—the weight at the top of the 62,000-mile tether—is rotating with the earth, but it has a much greater distance to travel because it is so far from the planet’s surface, and thus has to move much faster than 1,037 mph. The apex anchor would be zinging along at 17,358 mph (27,936 kph). So, after getting a cargo intended for the moon up to the apex anchor, we could send it to the moon simply by releasing it at the correct time—no rocket fuel needed.




WHAT ABOUT THE TETHER?

The serious bottleneck for a space elevator, of course, is the tether. What material can make a tether 62,000 miles long that’s strong enough to support its own weight, the forces acting on it, and the stress of 20-ton climbers? A standard measure of ultimate tensile strength is the unit pascal. And the tensile stress required of a space elevator is on the order of gigapascals (GPa). In order to do the job, the tether must be able to handle a force of 90 GPa.

Standard high-strength materials don’t come close. High-strength steel, for example, is around 2.69 GPa while synthetic fiber rope like Kevlar is roughly 3.7 GPa. One of the materials that has long been touted as possible tether material is a concoction called carbon nanotubes.

One of the materials experts at ISEC is industrial chemist Adrian Nixon, who edits and publishes a chemistry journal and works at the Graphene Engineering Innovation Centre in Manchester in the United Kingdom. When I talked to him on a video call, Nixon said carbon nanotubes aren’t up to the task because of fabrication issues. Researchers haven’t been able to make them in long enough lengths or fast enough. There is another carbon material called graphene, however, that is surprisingly promising.

“Graphene has been known about since the 1960s when the name was coined,” Nixon said. “But actually it goes probably back at least a hundred years. So, you’d be familiar with pencils and graphite. Graphite and graphene are made of carbon, the same thing that’s in diamonds and soot. Graphene itself exists inside graphite. And graphite is a layered material. You can imagine graphite as being made up of all these different layers. And when you draw a line with a pencil on a piece of paper you are causing the layers to shear off and slide over one another. That’s roughly what the pencil trace is. And if you release the pressure on the end of the pencil trace line, somewhere along that thin bit that you can hardly see, you’ll actually have single atomic layers of material left. And that is graphene.”

As Nixon explained it, graphene is officially a two-dimensional material, because it is only one atomic layer thick—which sounds like a terrible choice for the massive strength needed for a space elevator. The advantage of graphene, however, lies in something called the sigma bonds between atoms. Nixon had a plastic model of graphene that he held up for me to see. The carbon atoms form a hexagonal structure. “It’s like chicken wire,” Nixon said, “and these bonds are some of the strongest in the world. It’s 200 times stronger than steel. It’s flexible, it’s transparent, it’s lightweight, it’s the world’s best conductor of electricity. It’s the world’s best conductor of heat. It has the highest melting point of any material. If graphene was a person, it would be a superhero.”

But one atomic layer of graphene isn’t quite up to doing the job of space elevator tether all by itself. By stacking layers of graphene on top of each other, however, something called van der Waals bonds automatically form. These chemical bonds prevent the sheets of graphene from sliding past each other, essentially gluing them in place without glue. When twenty thousand layers of graphene are laid on top of each other, the result is something called a graphene super laminate (GSL). Since the layers are only one atom in thickness, even that many layers yield a material that is absurdly thin. “It would be seven microns thin,” Nixon said. “That’s seven times thinner than a human hair.”

The projected tether for a space elevator would be a meter wide on the long axis (widening to roughly 2 meters at the geosynchronous point and then tapering thinner again going up to the apex anchor) and seven to ten microns (depending on the final number of layers) on the thin side. It would be so thin that when viewed edge-on it would all but disappear.

When tested for tensile strength, GSL can achieve the required 90 GPa and can get even as high as 130 GPa, which means that this material could be strong enough for the tether. Of course, there is also the small issue of manufacturing a reel of GSL that is 100,000 kilometers (62,000 miles) long—up to now the material has only been made in short lengths.

One of the many challenges of making GSL is that the process deposits the carbon atoms onto a copper plate, which acts as a catalyst and a form for the graphene. “A copper base layer acts like a dating site for carbon,” Nixon said with a laugh. “The carbon atoms land on the surface and they automatically self-assemble to form the chicken wire.” After the graphene is formed, the copper plating must be removed; various methods are being developed to handle that part of the process.

According to Nixon, graphene manufacturing is developing rapidly. “People at MIT have been trying to do this, but the people who are really working hard at this at the moment are in Korea. The LG company has invested in a roll-to-roll furnace.” There is also a company in South Korea called CharmGraphene that can make graphene at speeds of 2 meters a minute and in lengths of up to 1 kilometer.




SITING THE SKYHOOK

If a space elevator tether is possible, the next question is, Where do we put it? The most bang for the buck is to place it on the equator. “You have to be on the equator,” Swan said. “As you go off the equator, the lifting capability goes down by a cosign factor. It’s not too bad for five or six or seven degrees. But you go up to like, Los Angeles, and something like 40 percent of the mass is restricted.”

And while it would seem to make sense to place the base of the elevator on land for easier access, according to space elevator advocates the best place is at sea. A platform in the ocean can use dynamic positioning (DP) to hold itself in one place very effectively, as demonstrated by oil drilling platforms that use DP to stay over a drill hole. The other big advantage is that an ocean-based platform can be moved, which, in turn, moves the tether and allows it to avoid large pieces of space debris. For the smaller pieces, according to Swan, studies show they likely will do little damage to the tether. Much of this is due to the incredible toughness of the material. “We understand space debris and we’ll be moving to get outta the way of it,” Swan said, “but we also have to plan for the small stuff to hit us.”

What about hurricanes, lightning strikes, and possible collisions with aircraft? Just about all those issues can be largely avoided by placing the tether base in a spot off the South American coast. On our video call, Nixon shared his screen with me to show a world map with hurricane tracks, none of which occurred on the equator. “If you actually look at NASA’s data, 150 years of tropical storms based on data from ships and from satellites all over that period of time, there’s a pattern you can see that there are no storms at the equator.”

And since there are no major storms, there is very little lightning activity. “A hundred years and no lightning strike there, and there’s almost no weather,” Swan said when I asked him about using this location for the base of the tether.

Concerning the danger of aircraft strikes, Nixon shared a map that showed worldwide commercial airliner flights. That section of the Pacific wasn’t crossed by any airliner routes. Nixon also pointed out the ghoulish possibility that should an aircraft impact the tether along its narrow side, it would be sharper than any knife, yet incredibly strong. “I fear for the plane,” Nixon said. The tether would likely slice an aircraft in two.

As members of ISEC, both Swan and Nixon are understandably bullish about how quickly a space elevator could be built. Swan remarked to me regarding the recent founding of his Space Elevator Development Corporation, “We’re gonna go build the sucker.”

Following ISEC’s likely very optimistic timeline, the building of the first space elevator could take twenty-six years and cost roughly 26 billion dollars.4



ROPE BY ANOTHER NAME?

Thinking about it one way, GSL is a material that is beyond the woven nature of rope. It is made of a single sheet of atoms combined into multiple layers. This is a departure from the long history of rope that required the twisting of successive strands of fibers. From another point of view, though, our rope metaphor is maintained since GSL still uses many small things, in this case a matrix of elementary carbon atoms, to do big things, just like the natural rope fibers whose use extends back to antiquity.







EPILOGUE


[image: ]

ROPE’S HELIX OF TWISTED STRANDS seems to have been incorporated into the DNA of human knowledge from the very start. The oldest rope yet found, dated to fifty thousand years ago, is probably the oldest only because previous examples of twisted fiber have rejoined the scattered elements of the earth.

The need for so useful a tool was clearly grasped early in human society—the coils of 4,500-year-old halfa-fiber three-strand rope discovered in the pit with Pharaoh Khufu’s boat attest to that. The concept of rope remains timeless; what changed over millennia was the application of the human mind toward making ever better rope and in devising ways to use it.

In some respects, rope’s very ubiquity made it disappear into the background. It was everywhere in every society but taken as such a basic element that when pyramids are the topic, stones are the focus. Or when the discussion touches on the history of ships sailing the world, spices and empires capture the debate. The rope used to drag the stones and the line knotted to steady the ships becomes an afterthought, the province of specialists and of enthusiasts (that’s me!). Perhaps only in the dreary history of executions does rope, arrayed in the fearsome coils of a noose, get top billing.

Above its many practical uses, from mountaineering to magic tricks to space elevators, rope remains a powerful metaphor for human society. The many fibers that come together and act as one to do good or to impart ill mimic how people do the same. People acting together must choose how they’ll impact the world around them. Here’s to rope that raises hopeful flags for the future of the planet and for humanity.

The rope knotted by my father’s hand still hangs on my wall. I think I’ll leave it right there.




[image: Four micrographic views of a rope fragment.]
Four views of the fifty-thousand-year-old rope fragment, the oldest yet found, discovered in southeast France at Abri du Maras: a) scanning electron microscope photo of cord fragment, b) 3D Hirox photo of cord fragment, c) schematic drawing illustrating S and Z twists; d) enlarged Hirox photo with cord structure highlighted. Creative Commons.


Description




[image: Workers pull a large stone block up a ramp using ropes while a figure at the top holds a whip. The ramp rests on stacked stone blocks forming part of a stepped pyramid.]
There are many theories of how the pyramids were built, and all of them require rope. This shows a possible way workers hauled blocks up a ramp. Claus Lunau/Science Photo Library.





[image: Thick twisted ropes lie in dense overlapping coils on a dusty ground surface inside a cave. The ropes vary in diameter and form irregular bundled arrangements across the area.]
Coils of four-thousand-year-old three-strand rope discovered in a cave at Mersa Gawasis on Egypt’s Red Sea coast in 2004. The cave was part of an ancient Egyptian port complex. The number and quality of these coils show the sophistication and importance of Egyptian ropemaking. Università di Napoli L’Orientale/Boston University and Carlos De La Fuente.





[image: Two rope twist diagrams are placed side by side. The left strand forms a slant resembling the central stroke of the letter S, while the right strand slants like the central stroke of the letter Z.]
Rope is made by twisting the yarns in one direction and the strands in the opposite direction, locking the yarns. The three strands are then twisted together, again in opposition, to make the final rope. A right-hand layup is called a Z twist while left-hand is an S twist. Public domain.





[image: A large crowd surrounds a central structure with teams of workers pulling ropes connected to it. Multiple pulleys and ramps direct the ropes. Buildings enclose the square in the background.]
The Roman emperor Caligula had an ancient Egyptian obelisk transported to Rome in 40 CE. In 1586, it was moved to St. Peter’s Square by order of Pope Sixtus V. Raising the massive stone back to the vertical position required nine hundred men, seventy-five horses, and many lengths of rope. Public domain.





[image: A double-hulled voyaging canoe with large sails and rope rigging floats on calm water. Crew members stand on deck. A long bridge and cityscape extend across the background under a cloudy sky.]
Using voyaging canoes lashed with rope and sails controlled by rope, Polynesian peoples settled the Pacific from east to west in a series of daring ocean voyages. Hōkūleʻa, seen here after voyaging to Japan, is a modern reconstruction of one of these voyaging vessels. Public domain.





[image: A large wooden trireme with three rows of oars extends along a calm waterfront. The ship has upright masts, rigging lines, and a curved prow. Other ships and buildings appear in the background.]
Greek trireme warships were propelled by three banks of oarsmen and with sails. They used rope for rigging sails and for a heavy cable called a hypozomata or hypozoma that ran from bow to stern and prevented the hull from “hogging” or sagging. This reproduction trireme, named Olympias, was built in 1987. Da Jackson/Wikipedia.





[image: Two ropes, one twisted and one braided, interlace in a symmetrical Hercules knot on a wooden surface. The ends extend horizontally from both sides of the knot.]
The Hercules knot (also called the square or reef knot) was considered good luck in Roman society, especially when worn by the bride during a wedding. Other cultures worldwide similarly revered its symmetrical joining of two loops to signify harmony and balance. Tim Queeney.





[image: A large wooden treadwheel crane stands beside a stone wall. Support beams, scaffolding, and rope lines connect the wheel to an upper pulley system. Planks and tools lie scattered on the ground.]
A treadwheel crane uses a person (or persons) walking inside the wheel as the power source to wind rope around a rotating spindle and thus raise loads. This crane is used in the building of Castle Guédelon, a faithful reproduction of a thirteenth-century fortress in France. Public domain.





[image: A scaffolding structure frames a Gothic arch under construction. Vertical and horizontal wooden poles are lashed together with rope. A close-up on the right details the rope binding technique securing crossed poles.]
Rather than extensive scaffolds that extended to the ground, Gothic cathedrals were constructed with scaffold sections hung on the walls and lashed together with rope, with wooden wedges driven in to tighten the lashings. They were disassembled, moved, and re-lashed as the work progressed. Used with permission from The Construction of Gothic Cathedrals: A Study of Medieval Vault Erection by John Fitchen. University of Chicago Press. . 1961 by John Fitchen. All rights reserved.





[image: A khipu consists of a central cord with multiple thinner cords suspended from it. Each cord contains knots at varying positions. A few cords curve upward in loose spirals against a plain background.]
An example of an Incan khipu, which uses knotted rope as an information storage method. The position and type of knot used was part of a numbering system that conveyed census and other data. Cleveland Museum of Art.





[image: A diagram depicts the U S S Constitution moving from Position 1 to Position 2 by winching in an anchor rope. The anchor rests on the sea bottom, and the rope extends diagonally to the ship.]
By combining all the spare rope on board and attaching it to a kedge anchor, the crew of USS Constitution made use of a technique called warping to repeatedly pull the ship forward and escape a British squadron intent on capturing the American frigate. Kathy Samuelson.





[image: A diagram titled, A ship of war, of the third rate, with rigging, and C at anchor. It features a warship with three masts, rigging lines, and sails. Ropes connect sails and spars across the main, fore, and mizzen masts. Text lists ship parts around the border.]
This 1728 illustration shows the prodigious amount of rope required to rig a vessel during the Age of Sail. This included both the fixed standing rigging for holding up the masts and the running rigging that can be adjusted to control the sails. Public domain.





[image: A diagram illustrates a deadeye and lanyard system. Two circular deadeyes are aligned vertically. A shroud from the mast connects to the top deadeye. A lanyard weaves through holes in both deadeyes, which are secured to the hull. Arrows label each part.]
Since hemp rope will stretch under a continuous load, a device called a deadeye was developed for tightening standing rigging. By periodically tightening the lanyard between two deadeyes, slack could be taken out of the rig. Kathy Samuelson.





[image: Two ropes are tied in separate eye splices on a wooden surface. The left shows an unfinished splice with strands still loose, while the right is a completed, tightly woven splice. Below, a diagram illustrates the interweaving pattern forming a finished eye splice.]
An eye splice creates a permanent loop in a rope. The splice is made by separating the strands (note here that the ends of the strands are separating into individual yarns) and working the strands in through each other like a hair braid. A splice is stronger than any knot. Tim Queeney/Kathy Samuelson.





[image: A long industrial ropewalk extends into the distance with rows of strands stretched along the floor. Wooden posts and machines line the right side. Light enters through evenly spaced windows on the wall.]
Before the process became thoroughly mechanized by the end of the nineteenth century, rope was made in long ropewalks like this one at the Plymouth Cordage Company in Plymouth, Massachusetts. Public domain.





[image: Philippe Petit walks across a tensioned rope suspended high between two structures. He holds a long balancing pole. His arms extend outward. Buildings and a body of water appear faintly in the background below.]
Walking on a 3/4-inch wire rope 1,350 feet above the street, French aerial artist Philippe Petit made eight crossings between the World Trade Center towers in downtown Manhattan in August 1974. Jean-Louis Blondeau.





[image: A military glider rests on a tarmac with coiled rope ladders extending from its open side door. The cockpit canopy is open, and the glider’s frame casts shadows on the ground.]
Newly developed synthetic rope played a key role in the Second World War. Nylon was exclusively used for the ropes used to tow gliders into battle. Note the intercom cord wrapped around the rope to provide communications between tow plane and glider. Courtesy of Patricia Overman, National WWII Glider Pilots Association.





[image: Thick, coiled ropes hang from horizontal metal rods with vertical poles passing through them. Additional ropes hang vertically in the background along with a series of beams and structural supports.]
Rope has been used since the time of ancient Greek theater for raising and lowering backdrops, controlling props, and for “flying” actors. While steel aircraft cable has taken over much of this work in modern theaters, fiber rope is still used for some lifting tasks—like this coil at a Broadway theater in New York City. Tim Queeney.





[image: Four performers descend headfirst from a tall pole with ropes tied to a rotating platform at the top. The ropes unwind as they spiral downward. A fifth figure remains atop the pole.]
Mexican daredevil rope artists performing the Danza de los Voladores (Dance of the Flyers) spin earthward headfirst, supported only by a rope. The ritual is believed to have originated in central Mexico and is now associated with the Totonac people in the Veracruz region. B.navez/Wikipedia.





[image: Four cowboys on horseback wear hats and plaid shirts. Coiled ropes hang from their saddles. The horses stand close together on a dirt surface, with one cowboy turning to speak to another.]
A roping team waits to go into action during a competition at the Kentucky State Fair. They’re all equipped with the tightly twisted, stiff nylon rope that most ropers prefer for throwing a lasso. Heather Moreton/Wikipedia.





[image: A sketch map illustrates climbers’ positions on an ice slope near Camp VIII. Dashed lines trace routes up and down through deep snow and steep terrain. Labels identify individuals and paths between them.]
The 1953 American K2 expedition was forced to retreat when one of its members became ill near the summit. While descending, one member fell and all the others were pulled off their feet, entangling as they slid downslope. Pete Schoening’s solitary belay supported all six, assisted by the strength of newly introduced nylon climbing rope. Used with permission from K2: The Savage Mountain by Houston, Charles S. and Bates, Robert H. The Lyons Press. 2000 by Houston, Charles S. and Bates, Robert H. All rights reserved.





[image: A diagram illustrates the stages of the Mars rover landing from cruise stage separation to surface touchdown. Events include cruise stage separation, cruise balance devices separation, entry interface, peak heating, peak deceleration, hypersonic aero-maneuvering, parachute deployment, heat shield separation, radar data collection, back shell separation, powered descent, and sky crane with rover separation, touchdown, mobility deploy, and flyaway. Each stage is visually represented along a curved trajectory with an inset showing sky crane detail.]
NASA diagram shows Mars rover Curiosity’s descent through the Red Planet’s atmosphere. Rope played a key role, both via the Technora lines connecting the spacecraft to its massive parachute and in the Vectran lines that lowered the rover to the surface from its hovering “skycrane.” Public domain.





[image: A concept illustration of a space elevator features a climber module ascending a long, narrow tether that stretches from Earth’s surface into orbit. Cloud formations cover the curved surface of the planet below.]
A possible future space elevator ascending its rope-like tether into space. Previously, no known material could withstand the forces on a 62,000-milelong tether, but researchers have now discovered that a carbon material called graphene may have the required strength. Dr. Pete Swan.
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a: Scanning electron microscope image of a compact twisted cord fragment with fibrous strands intertwined and coiled, positioned on a rough surface. A scale bar at the bottom measures 3 millimeters.b: 3-D Hirox image of the same cord fragment with multiple visible fiber strands forming a twisted U-shaped structure against a textured background.c: Schematic illustration of cord twist direction with two overlapping strands, one with S-twist and the other with Z-twist, labeled accordingly. A scale bar at the bottom measures 1 millimeter.d: Enlarged Hirox image of the cord fragment highlighting finer structural details, with regions marked e and f pointing to individual fiber sections.
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