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 PREFACE

THE PRESENT BOOK, which has been several years in the writing, could never have seen the light of day without the assistance of many people who at various moments gave their advice, read drafts, or engaged me in discussion. Unlike the ideas behind some of my other books, the idea underlying this one was my own. However, I would have thrown in the sponge many times had it not been for the consistent support of Andy Marshall, head of the Office of Net Assessment, Department of Defense. Also supportive of my work, and as patient in bearing with my numerous periods of despair, has been Dr. Steve Canby, defense analyst in Washington, D.C.

I have had the usual numerous splendid arguments with my good friends, Stephen Click, Seth Carus, and David Thomas, whose expert knowledge and well considered counsel were of greater value than I can ever repay. The same applies to Eado Hecht, Amnon Finkelstein and Lt. Col. (Res.) Moshe Ben David, three students who gave as good as they got. Detailed criticisms and constructive advice in regard to part or all of the study have been offered by Zeev Bonen of Israel Weapon R&D Authority, Gen. (Res.) Franz Uhle Wettler, and Fred Reed; I am grateful to all of them. Finally, thanks are due to my son Eldad, who although young in years often made telling points in discussion, and to my stepchildren Adi and Yoni Lewy who helped create the kind of atmosphere in which research can be conducted and work done. Much of what merit this book may have is due to all of them, whereas its faults are mine alone.

At one stage of its development, the present study was supported by a grant from the Ford Foundation.
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Introduction

THE PRESENT VOLUME rests on one very simple premise which serves as its starting point, argument, and raison d’être rolled into one. It is that war is completely permeated by technology and governed by it. The causes that lead to wars, and the goals for which they are fought; the blows with which campaigns open, and the victories with which they (sometimes) end; the relationship between the armed forces and the societies that they serve; planning, preparation, execution, and evaluation; operations and intelligence and organization and supply; objectives and methods and capabilities and missions; command and leadership and strategy and tactics; even the very conceptual frameworks employed by our brains in order to think about war and its conduct—not one of these is immune to the impact that technology has had and does have and always will have.

In this book, my aim is to present a historical analysis of the role technology has played in the development and transformation of war. Unlike the vast majority of the very numerous works that have been written on the subject, however, the present study will not focus solely on the evolution of weapons and weapon systems and their effect on combat. On the contrary, it assumes that behind military hardware there is hardware in general, and behind that again there is technology as a certain kind of know how, as a way of looking at the world and coping with its problems. War is impacted by technology in all its forms; with the result that, subject only to the limits of the available space, all will have to be taken into account.

To use a simple analogy, military technology affects warfare like waves spreading from a stone thrown into a pond. The disturbance is strongest at the point of impact; the farther the ripples spread, the weaker and less noticeable they become. And the farther they go, the more likely they are to lose their identity by becoming intermixed with ripples thrown up by other stones or reflected back from the pond’s banks. Similarly, weapons and weapon systems make their power felt principally during combat, but war consists of much else besides. Apart from tactics, there are operations, strategy, logistics, intelligence, “C3” (command, control, communication), and organization, to mention but a few. Naturally, all of these are affected by weapons, but all are also strongly influenced by other kinds of hardware, as well as by technology in its abstract sense. Thus we must begin by taking into account such mundane things as roads, vehicles, communications, timekeepers, and maps, and end by considering the most complex problems of technological management, innovation, and conceptualization.

To emphasize the way in which the study attempts to deal with the whole of technology as it is used in war, rather than dealing with weapons and weapon systems alone, its structure does not follow traditional lines. It is not divided into such chapters as “the age of edged weapons” and “the age of gunpowder.” Instead, its organization is intended to reflect the development of technology as a whole. Accordingly, Part I starts slightly before 2000 B.C. and ends around 1500 A.D. Though this period can be subdivided in many ways, it is dominated by a single unifying theme. From Archimedes’ pulleys to Leonardo’s crank-driven war machines, most technology—and military technology in particular—derived its energy from the muscles of animals and men. Hence I call this era the Age of Tools.

Part II deals with the Age of Machines, beginning in the Renaissance and ending around 1830. Its unifying theme is that technology, with military technology in the van, had now reached the point where a dominant role began to be played by machines deriving their energy from nonorganic sources such as wind, water, and of course gunpowder. As one might expect, such a shift could not take place without important repercussions being felt in the realm of tactics. On the other hand, the impact of firearms on such spheres as strategy, logistics, military organization, and communications was much more limited. Thus, one purpose of this section is to put the so-called gunpowder revolution into its proper perspective.

Part III opens in 1830 and ends in 1945. Its theme is the rise and employment in war of technological systems, pioneered by the railway and the telegraph. Instead of operating on an individual basis as before, machines came to be integrated into complex interacting groups whose parts depended for their functioning—their existence, even—on precise coordination with all the rest. The outstanding characteristic of the age was that technology itself became subject to the phenomenon loosely known as organization, which previously had been applied only to human beings.

Finally, Part IV focuses on the present age, which opened in 1945. Although that year marked the dropping of the first atomic bomb, in retrospect the advent of cybernetics and feedback seems to be even more important. Hence this section opens by examining automated war—war waged with the aid of machines that are not only linked to each other in systems, but are capable, within limits, of themselves detecting changes in their environment and of reacting to those changes.

Of course, the framework outlined here is arbitrary to some extent. For one thing, considerable overlap exists. At sea, even more than on land, machines deriving their energy from nonorganic sources—such as wind and water—were in widespread use long before 1500 A.D., and possibly even before 2000 B.C. And though the invention of firearms justifies the name given to the period between 1500 and 1830, animate sources of power in the form of horses did not disappear but continued to play a very important role that lasted well into the twentieth century. Similarly, the development of automation is not limited to the last four decades. Rather, it dates back at least as far as the famous centrifugal device designed by James Watt to regulate the speed of his steam engine. Finally, all military-technological developments did not proceed at the same pace, and the periods of military and nonmilitary technological history did not necessarily coincide.

However, in other ways our scheme has much in its favor. By and large, Part I may be identified with the period in which the most important raw material used for the construction of technological devices, including many military-technological devices, was wood, and when technological progress was so slow that many of the devices in use at the beginning had hardly changed in the end. During the period discussed in Part II, the process of innovation accelerated, and metal tended to replace wood as a raw material for military technology in particular. The third period witnessed the institutionalization of innovation and, in regard to raw materials, a shift to steel. Finally, the decades examined in Part IV have been marked by a still-accelerating trend away from steel towards sophisticated alloys, ceramics, and other synthetic materials. Thus, on the whole the system of classification here adopted is probably as good as any that may be found. In any case, the organization offered here is not intended to put history into a straitjacket but simply to provide a framework for thought.

Each part of the book, in turn, consists of five chapters. Proceeding more or less in chronological order, each of the first four chapters in each part studies the impact of technology on one aspect of warfare: field warfare, siege warfare, the infrastructure of war, naval warfare, and others. The fifth chapter in each part, however, deals with one selected theme that does not fit into this chronological sequence. The four themes chosen for investigation are, in order of their appearance, irrational or disfunctional technology, the rise of professionalism, the invention of invention, and real—as opposed to make-believe—war. Taken as a whole, the book is therefore arranged around a combination of chronological and thematic principles.

The definition of technology itself raises problems when applied, sometimes within the space of a single paragraph, to civilizations as different from each other as ancient Rome and pre-Columbian Peru, medieval China and the present-day United States. Whether Technology with a capital t exists at all, or whether there are as many different technologies as there are places and times, is a question that must be answered. The answer is affirmative in so far as there have probably never been humans who did not produce and use certain implements to serve certain purposes and do certain kinds of work. Yet one must recognize that technical implements ranging from a simple shell to the most sophisticated supercomputers have but little in common; and that even identical implements are capable of being understood and used in entirely different ways in the hands of different societies.

As an extreme example, consider the problem of “irrational” technology. These are devices that do not derive their usefulness from the “work” that they do, nor do they “operate” on the basis of the laws of nature. Though irrational technology appears strange to the modern mind, it did not appear extraordinary to the Greeks who coined the original term. The Greeks believed that all crafts were invented in heaven and taught to men by the gods. The word techne itself, far from standing simply for the rational transformation of “scientific knowledge”—which, of course, did not exist in that form—into practical capabilities, carried overtones that were partly theological and partly magical in origin. Accordingly, not only is Greek mythology full of accounts of automatons that worked of their own accord, but such devices were built and displayed in temples where their movements were regarded as proof of the god’s presence. The secularization of classical civilization during Hellenistic times caused such “irrational” overtones to weaken, but they were never entirely discarded. To return to the question of definitions, this book will assume that there is a kind of Technology equally applicable to all times and places, Technology in the abstract, but that in practice many different technologies exist.

At this point a warning may be justified. Undoubtedly, we are justified in thinking of our own age as a technological one par excellence. This is not only because modern technology governs our life to a great extent—after all, the impact of horses and chariots on society can be as great as that of motor cars and tanks—but also because rapid technological change has caused our minds to become preoccupied with the benefits that it may bring and the harm that it may do. Hence, there is a danger of projecting our obsession with technology backward into history and to assume that, just because something appears to be true today, it always has been true and will be true and must be true.

There are precedents to illustrate the dangers of such an approach. Observing the states of his time struggling for mastery, Hegel concluded that states had always constituted the supreme human creation. Watching contemporary society divided into oppressors and oppressed, Marx and Engels deducted that all history was nothing but a class struggle. Nor is the same phenomenon unknown in our field. Scarcely had the German Chief of Staff Schlieffen decided that a Hank attack across Belgium was the only way for Germany to win World War I before he projected that principle backward into history from the battle of Cannae on, often doing violence to the facts. And Basil Liddell Hart, having made up his mind that World War I should have been fought by the indirect approach, lost no time in proclaiming that approach to have been the single principle behind all victories won by all commanders in all past wars; not surprisingly, in successive editions of his work, he was forced to expand his definition of the concept until it became virtually meaningless.

Since it is imperative that history be approached from some point of view, to a certain extent this kind of thing is inevitable; but only to a certain extent. It would be a mistake to think that, because present-day society is often obsessed with the impact of technology on every aspect (including the military aspect) of its life, this obsession has always been shared by all people everywhere. It would be erroneous to believe that, just because technology represents a very good starting point for thinking about war, it therefore represents the only or even the best starting point. Merely because technology plays a very important part in war, it does not follow that it alone can dictate the conduct of a war or lead to victory. Seeking truth, we must always begin by trying to recognize the limitations of our labor, or else serious misunderstandings will certainly result and thought itself may become impossible.

A final word about the purpose of this work. By far the most important insight it is possible to gather from knowing and understanding the past is that what is should not be construed as what has always been, nor as what necessarily must be, nor as what can be. In comparison to the ability to leap over one’s own shadow, as it were, any other benefits that history may bring must take second place; nevertheless there are many lessons, explicit as well as implicit, buried in the pages that follow. Finally, may this work excite the interest, and arouse the pleasure, of the reader; in this age, when so much is read and written solely for its “information content,” this surely is not an unworthy goal.



PART I
The Age of Tools,
from Earliest Times
to 1500 A.D.




Field Warfare


WHEN AND WHERE did technology begin? Our knowledge of any period before the invention of writing derives almost exclusively from archeological remains, and it is indeed precisely for this reason that such periods are known under the name of prehistory. To serve as the foundation of our knowledge about prehistory, tools and implements had to be made of materials sufficiently durable to survive for hundreds of thousands if not millions of years. Since the most important material that can meet this requirement is stone, prehistory is commonly divided into the three Stone Ages—the paleolithic, the mesolithic, and the neolithic. Had there been, during these ages, any civilizations based mainly on tools made of materials other than stone—wood, say, or horn or bone—then in all probability we would have remained more or less ignorant of the fact.

Whatever the exact nature of the earliest tools, clearly they must have been made of natural materials, easily located in man’s immediate environment and requiring no more than a few comparatively simple operations to perform useful service. Almost certainly, the technology based upon these materials was initially unspecialized for either military or nonmilitary purposes, if indeed one may apply these terms to a period when organized warfare as we understand it may itself have been unknown. A stone hand-ax must have been equally useful for chopping food and for breaking an enemy’s head when occasion arose. Similarly a sharp flint blade could have served equally well for carving up a piece of meat and for settling a score with one’s neighbor. If the customs of stone-age peoples who have survived into the present world constitute any guide, then activities such as warfare, the pursuit of personal quarrels, hunting, and even certain kinds of ceremony and sport overlapped, with the result that the tools employed in one for the most part also served in each of the others.

The history of technology is, nevertheless, in part the development of growing specialization. Even in prehistoric times, there must have been the recognition that some tools were more suited for some purposes than for others. It is thought that, after spending a long time as a gatherer, man gradually added hunting to his activities, and it would not be unreasonable to suppose that the tools employed for this purpose—harpoons, javelins and spears of the kind still employed by primitive peoples—were sometimes directed against his fellowmen in a more or less organized manner. We need not consider whether it was warfare that gave rise to weapons or, as is sometimes asserted, weapons that were responsible for the emergence of warfare. The two probably evolved together, each one driving the other and in turn being driven by it. Limiting our attention to historical periods only, even the earliest civilizations such as are described in the Bible or in the Epic of Gilgamesh already possessed some tools that were specialized for war: weapons.

Around the year 2,500 B.C., the great Chinese, Indian, Sumerian, and Egyptian civilizations all possessed a great variety of tools, made of naturally-occurring materials, which provided the foundation of their material life. These tools for the most part were hand-held; however, pictures in Egyptian tombs also reveal important exceptions to this rule. The sledge, consisting of parallel wooden beams permanently joined at a fixed distance from each other so as to carry some heavy load, had already been invented. So had the wheel in its earliest form—namely that of rollers put between a load and the ground. Together, these inventions represented an enormous technological advance, not only because they themselves could support much heavier loads than could human backs and shoulders, but above all because they both demanded and made possible teamwork on a large scale. Organization, which very quickly grew to truly monstrous dimensions, was added to hardware and put to work in a purposeful way. As the construction of the Egyptian pyramids demonstrates, the amounts of energy that organization could make available were entirely unprecedented, indeed almost unlimited, compared to anything that went before.

Though it was surrounded by rituals and ideas about magic that would have appeared strange to our modern notions of rationality, surviving evidence in the form of weapons, drawings, and literary texts shows that organized warfare was already quite familiar to every one of the above four civilizations. Certainly there is no reason to think that military organization lagged behind its nonmilitary counterpart. Indeed, to judge by later periods in which armies often served as models for civilian institutions, the reverse may well have been the case. Though obviously not all the technologies available were suitable for military purposes, the conduct of war demanded many different tools, some of which were unique to it whereas others were also employed in other tasks. Apart from stone, the main materials in use were of vegetable or animal origin, such as wood and wickerwork for spear-shafts and shields, hides and sinews for slings, body-cover, and the like. However, it was during this period that metal in the form of copper and bronze was being introduced in the most advanced centers. Unlike stone, wood, and materials of animal origin, neither copper nor the other constituent of bronze, tin, could be found everywhere. This, plus the fact that working them into serviceable form required comparatively complex processes, caused copper and bronze to remain expensive for a long time. Initially only those implements which were considered most important for life were made of metal, weapons being among the earliest. Thus, they literally represented the cutting edge of contemporary material civilization.

By far the most important, and for a long period the only, source of energy employed in technology (apart from fire) was man himself. Muscle was applied to material in order to do work, which is why we can speak of the Age of Tools. The idea that technology might acquire its energy from sources other than man’s body almost certainly could not have occurred before the neolithic revolution of perhaps 10,000 years ago, the period in which animals were first domesticated. Even then, it would seem that millenia elapsed from the moment in which the first animal was made to keep watch or yield milk or carry a burden to the time it was harnessed to a piece of hardware. Again, the inherent limitations of archeological method prevent us from saying exactly when this took place. It is possible, however, that the first use of animal-powered technology only occurred during the first half of the third millenium B.C. when the oxcart, a clumsy wooden contraption with heavy solid wheels forming an integral part of the axis, was apparently invented in Sumer. Unlike the sledge and rollers, which in principle could be harnessed to teams of men numbering in the hundreds and even thousands, the energy that could be applied to oxcarts was strictly limited. On the other hand, the oxcart unlike men could be used to carry heavy burdens, including presumably military burdens, over comparatively long distances measured in dozens, possibly even hundreds, of kilometers. Still, by no stretch of the imagination could the oxcart be regarded as a weapon of war. For this it was far too slow, cumbersome, and vulnerable.

Some time around 1800 B.C., the next great step forward was taken and the light chariot was invented. Drawn first by asses and then by horses—access to which now became a military factor of great importance, as it was to remain for thousands of years to come—the chariot represented an immense technological advance over the oxcart. What with its spoked, hubbed wheels turning around a fixed axle, its lightness, maneuverability, and strength, it constituted a finely balanced instrument that gave its possessors a measure of mobility unattainable by any other means. A relatively complicated piece of hardware, the chariot was difficult to make, requiring specialized craftsmen whose services could only be had at a price. Consequently, chariots were expensive to own and maintain, and tended to be confined to certain segments of the population. Where ownership was private, the introduction of chariots gave rise to warrior aristocracies and, often enough, to something akin to a feudal class like the one described, anachronistically, by Homer. Where ownership was public, as in the New Egyptian Kingdom, it helped in the establishment and maintenance of a strong centralized government.

Endowing its possessors with very great mobility, especially tactical as opposed to strategic mobility, the appearance of the chariot in itself would have sufficed to revolutionize combat. In fact, however, it was not so much the chariot on its own as its combination with the bow which proved decisive. The simple wooden bow was a very old weapon which showed some important affinities with “civilian” devices used for kindling fire and for boring holes as well as with certain musical instruments. Its emergence as a specialized tool took place at some unknown time and place, and for millenia it was employed for hunting as well as for war. It so happened, however, that the rise of the chariot was soon followed by—if indeed it did not coincide with—the invention of the composite reflex bow, a very different weapon. Made of wood, sinew, and horn glued together, with each material carefully coordinated with all the others so as to yield the optimum combination of strength and flexibility, the composite bow represented as great an advance over its simple predecessor as did the breech-loading rifle over the muzzle-loading flintlock musket. Capable of firing arrows rapidly to an effective range of 200-300 yards, its power and effectiveness remained unsurpassed for several thousand years.

Regardless of whether it was the simple or the composite bow that was employed, the introduction of the chariot led to revolutionary tactical changes. Descriptions, verbal as well as pictorial, from ancient Sumer, Egypt, and Vedic India show that warfare previously had been conducted by men on foot. Their principal armament consisted of thrusting, stabbing, or slashing weapons, which for the most part demanded that the troops be packed into dense, comparatively unwieldy, blocks so as to provide mutual cover and maximize their staying power. Provided only that the terrain was open and flat, the introduction of the arrow-shooting chariot put such formations on the horns of a dilemma, compelling them to carry out two contradictory movements at once. If the infantry stayed together they would come under long-distance fire to which they had no counter, and for which, moreover, they represented an ideal target. If, on the other hand, they took the opposite course and dispersed, they would easily be overrun.

Given such a military advantage, the expansion of the chariot-riding peoples was explosive. From their point of origin in the steppes of southern central Asia, they set out in all directions. Wherever they arrived, they defeated the natives, who were driven into forest and mountain regions where the chariots could not reach. It took no more than a few centuries for Northern India, Egypt, Asia Minor, and Europe to be overrun and conquered. Thus, at this early stage in its development, technology already represented an important factor, since it was capable of determining what armed forces could do and the way in which they did things. Too, technological superiority could make a decisive contribution to victory even when the technology itself was not markedly sophisticated.

Towards the end of the second millenium B.C., the discovery of iron-smelting in what is today northeastern Anatolia gave the peoples who first mastered it a temporary military superiority. Contrasting sharply with deposits of tin, iron ore deposits are widely spread, so that access to them was relatively easy. On the other hand, extracting the metal demanded higher temperatures, hence a more sophisticated and expensive technology than did the extraction of either copper or bronze. In other respects, the appearance of iron represented an evolutionary rather than a revolutionary development. Though the new metal was useful because it was harder than the materials that it replaced and because it could be honed into a finer, longer-lasting edge, in itself it did not give rise to new kinds of weapons, let alone new sources of energy. Rather, daggers, swords, javelins, spears, and even chariots such as the ones mentioned in the Biblical Book of Judges now came to be made wholly or in part of the new material, as indeed were many implements in civilian life. Once again, the cost of iron was an important factor. If people bore the expense of using it, then the implements in question must have been considered critical to life.

Overlapping the period in which the use of metal was introduced, we find the beginning of the age of written records, or history proper. While the development of literacy was by no means linear—it even appears that there may have been places in which the art of writing was first developed, then lost, then rediscovered—by and large it led to more and more records being kept, and, in so far as some of these records have been preserved, to an enormous increase in our knowledge. As we progress in time, both military and nonmilitary technology on the whole tend to stand forth in greater and greater detail.

By 600 B.C., at the very latest, the most important weapons which in their endless combinations were destined to dominate warfare during the next two millenia had been invented and were in widespread use. Whatever the culture we look to—in Europe, the Middle East, Southeast or East Asia—we find ourselves confronted with a broadly similar array of weapons, a fact which indeed is not surprising since, after all, they were all based upon broadly similar raw materials and employed roughly the same sources of energy. Although some of the most highly developed peoples, such as the Persians, and some of the most primitive ones, such as the Britons, clung to the chariot until 300 B.C. and 50 A.D. respectively, on the whole it was on its way out. As a means of attaining battlefield mobility, it was replaced by cavalry in the form of horses and, in certain geographical areas, camels. Cavalry was more economical in manpower than chariots, since the same man could ride and fight at the same time. It was also more mobile, hence to some extent able to overcome the greatest drawback of chariots, namely their total inability to operate in anything but the most suitable terrain.

Throughout the Old World, the most advanced defensive devices carried by both horsemen and foot soldiers were now made wholly or partly of metal, even though leather, quilt, wood, and even wickerwork continued in widespread use as inexpensive substitutes. Out of these materials were made body armor, shields, helmets, greaves, etc., manufactured in an enormous variety of types and shapes and often decorated in outrageous forms in order to terrify the enemy. Battlefield offensive weapons were similarly limited. They consisted almost exclusively of the mace, ax, dagger, sword, spear, pike, lance, javelin, and dart, each of them again produced in an almost infinite variety of forms and reflecting not only different tactical requirements but also cultural traditions of every sort.

For long-range work all these cultures were limited to the sling and, increasingly, to the various kinds of bow, ranging from the simple through the composite to the crossbow. Around the time of Christ, the last-named device seems to have been familiar both in China and the Greco-Roman world, although in the latter it seems to have been lost and had to be reinvented in the Middle Ages. Some of the weapons could be used both by foot soldiers and by cavalry, whereas others were limited to foot soldiers only. All of them were already specialized for war and were clearly differentiated from nonmilitary implements, although obviously in many cases considerable areas of overlap existed.

Although the array of weapons available was thus relatively modest, the number and variety of different styles of warfare that they made possible was truly astonishing. As circumstances differed greatly from one place to another, a tendency towards regional and national specialization soon appeared. A single dominant military technology, such as has characterized the modern world since about 1500, did not emerge, though clearly some combinations were more effective than others. Around 500 B.C., Cretans, Greeks, Romans, Gauls, Nubians, Egyptians, Persians, Indians, Chinese, to mention but a few, each had their own favorite weapons and hence a distinct way of fighting battles. Almost two millenia later, the same still applied to peoples such as the Chinese, Mamluks, Byzantines, and West Europeans, some of whom showed further sharp regional differences. While this lack of uniformity was partly the outcome of difficult long-distance communications, clearly this was not the only factor involved. Even where daily communications did exist, as for example between Christians and Moslems in medieval Spain, the normal result was not the triumph of one style over another but the appearance of fresh and even more complex combinations. This was what happened, for example, when the Greeks began employing cavalry, light infantry, and archers to support their hoplites after about 400 B.C., and also when the Persian kings started incorporating Greek mercenaries with their distinctive armaments into their forces.

The Eurasian continent as a whole could be divided into three huge divisions—eastern, central, and western. During the age broadly known as antiquity, and indeed ever since, the most advanced sedentary peoples were located along the littoral of this mass where the combination of large rivers with a semi-arid climate both demanded and permitted the establishment of strongly governed “hydraulic” civilizations. Where there were rivers there was water transport. Where water transport existed, it was possible to engage in exchange and commerce on a massive scale, and also to build the first cities. China on the one hand, and the Mediterranean world on the other, took to foot warfare and the heavy metal-made arms and armor that it demanded, cavalry being regarded as an auxilliary arm though often an important, even decisive, one. In the center, however, where rivers were comparatively few, the spaces immense and terrain often open, a more nomadic style of life prevailed for centuries after it had turned into a marginal form of existence elsewhere. Such a lifestyle being incompatible with sophisticated, hence heavy, technology, the superiority of the horse-and-composite-bow combination was such that it has lasted until comparatively recent times. Although violent shifts in the borders between the three areas could and did take place in both directions, on the whole the division between them remained remarkably stable, itself an indication that no single military technology was capable of attaining absolute dominance. Thus, whenever the Romans had to operate in the open desert or in forests, they found that there were limits to their power, limits that went far to govern the extent of their empire. Conversely, attacks by nomads on densely populated, urban civilizations were for the most part confined to border raids.

To focus on the Mediterranean world, ancient field-warfare as described by Xenophon, Polybius, Julius Caesar, Josephus, or Ammianus Marcelinus, was a complex affair making use of many different arms and weapons. In both Greece and Rome the core of the army was formed by heavy infantry protected by metal body armor, helmets, and shields. The Greek phalangists’ principal offensive weapon was the spear or the pike, the sword playing no more than an auxilliary role. What made the Roman legionaries so effective, however, was their reliance on a combination of javelins and swords. This put the enemy in an almost impossible position, since it made it equally dangerous to close the ranks or open them. At the beginning of their development, both types of formations—the phalanx and the legion—appear to have fought largely on their own. Later they came to be supported by auxilliaries that either were drawn from the lower socio-economic classes or belonged to allied nationalities. Grouped into their own units, these auxilliaries were armed with a variety of long-distance weapons such as bows, slings, and sometimes darts. Both light and heavy cavalry were employed to achieve tactical mobility, the heavy cavalry often covered with scale armor and armed with swords and lances. Beginning in the fourth century B.C. field warfare also made limited use of mechanical engines.

Occasionally during this period in history, one side or another was able to introduce a new device to which the other side had no reply. On the whole, however, such advanced Mediterranean peoples as the Greeks, the Romans, and the Carthaginians attained very similar technological levels. The complexity of much ancient combat meant that victory was less a question of obtaining superiority in any single weapon than of coordinating the various technologies in such a way as to mask their respective weaknesses and bring out their respective strengths. This, in turn, required a properly articulated organization as well as commanders who understood their business. Over time, this worked in favor of the more varied, complex, flexible technologies which prevailed over simple, more homogeneous ones. One good example is provided by the Macedonian armies, with their combination of phalangists and peltasts and heavy and light cavalry beating their Greek opponents. Subsequently the Roman legions, with their joint use of shock and fire, were able to defeat the simpler shock-oriented Hellenistic forces.

The balance between infantry and cavalry in the Mediterranean began to change in the fourth century A.D., the battle of Adrianople (378) forming a clear turning point. By the time of Justinian and Belisarius, around the middle of the sixth century, the principal strength of the Byzantine army had come to consist of its horse archers employing their typical hit and run, “swarming” tactics. Two and a half centuries later, even peoples such as the Franks, who had previously fought exclusively on foot, had taken to horse and turned into cavalrymen, although of a different type. We do not know the exact stages by which cavalry managed to win its dominance over foot soldiers. Undoubtedly many different factors were involved, technology being but one of them. Modern authors, however much they may differ in detail, are united in their opinion that, sometime between 500 and 1000 A.D., the stirrup and the high saddle—both of them originating in the peoples of the steppes and neither of them representing military technology, properly speaking—spread to Europe. Add the horseshoe, the origin of which is simply unknown, and the ascent of cavalry over the ancient infantry becomes at least understandable.

As the term “the age of chivalry” suggests, the high Middle Ages in Europe—and, for that matter, in the Middle East—were dominated by the horse to an extent unprecedented before or since. The population was divided into two classes, those who fought on horseback and those who did not. Horsemen constituted society while the rest counted for nothing, a fact well reflected in chess sets of the period where king, queen, bishop, and other major pieces have finely carved forms, but the pawns are represented by faceless stones. In Western Europe the horseman’s principal weapon was the lance. Until about 1050 A.D. it was apparently waved overhead or held underhand, but later it grew longer and heavier and began to be couched under the arm. In the Middle East the most important weapon was the composite bow, which had attained its highest perfection and had indeed come to form the centerpiece of an entire science of archery. In both places, the training of horse-warriors started early and lasted a lifetime. However, much of the preparation consisted not of military training proper but rather of spiritual exercises designed to inculcate the cultural, religious, and social code that was chivalry, known in Arabic as farsia. In both cultures the superiority of the man on horseback over foot soldiers, particularly individual foot soldiers, was crushing to the point that warfare, properly speaking, took place mainly between knights. Everything else was regarded more in the nature of rebellion, police work, and butchery, and hence subjected to an entirely different set of rules. During the Crusades, as well as in Spain, the Christian and Moslem systems came into contact and clashed. The outcome was not the same in both places; so to claim that one of them was “technologically superior” would be absurd, the more so since we are dealing with an 800-year period lasting from 711 to 1492 A.D. during which an infinite number of shifts and changes occurred.

These considerations notwithstanding, the role of cavalry on the medieval battlefield, especially in Western Europe, has often been exaggerated. The horses themselves, as well as the armor worn by their riders (whether consisting of scale or mail or plate), were very expensive; hence they were limited to a fraction of the forces. Furthermore, there were certain things that horsemen could not do under almost any circumstances, such as engaging in siege warfare, or standing fast and holding terrain. For these and other reasons, battles from which infantry was completely absent were comparatively rare. Sometimes the knights themselves dismounted and fought on foot, a good example being Poitiers in 1356. On other occasions the infantry consisted of a motley array of peasants and town dwellers armed with a variety of makeshift weapons and even with agricultural implements. The infantry was able to play a dominant role, however, when properly organized and armed with the longbow, the pike, or (in the case of the Swiss) some combination of shock and missile weapons.

As in the case of ancient warfare, it is difficult to point to any important battle where victory was due solely or even principally to the clear cut effect of a superior weapon. Rather, the most successful armies were often those that combined perfectly ordinary infantry and cavalry weapons in such a way as to make the best possible use of both. It was a question of putting the enemy into the kind of contradictory situation where he was damned if he did and damned if he did not. Excellent illustrations of this principle are provided by those great warriors, William the Conqueror at Hastings, and Richard Coeur de Lion at Arsouf.

Apart from the rise of cavalry, at least partly due to technological factors, the transition from the ancient world to the Middle Ages also brought other changes. The Chinese after about 800 A.D., and the West Europeans after about 1300, began to manufacture steel in blast ovens. The product was much superior to that of the Romans both in quality and quantity, enabling far better weapons and armor to be made. During the eleventh century the crossbow was reinvented in the West. Although its power was increased by the substitution of a steel spring for one made of wood, horn, and sinew, and also by the addition of a winch for cocking, it was slow to load. But this disadvantage apart, it was a murderous weapon, more powerful than anything known to the ancients, and attempts were made to have it banned and declared fit for use only against heathens. Cheaper and better iron also permitted the replacement of mail armor by plate, culminating in the highly artistic, extremely expensive, suits produced in Germany and Italy between about 1450 and 1520. In spite of these and other examples of the rise in the importance of metal as a raw material for military purposes, wood and other organic substances remained essential. When it came to a clash, they were not necessarily inferior.

Despite the numerous and complicated developments described here, it is possible to argue that the technological changes introduced into field combat during the two millenia from about 500 B.C. to 1500 A.D. were frequently minimal. When everything is said and done, a sword remained a sword, a lance a lance, and a shield—a shield. A leather-clad Greek bowman of Homer’s day may not have been easily distinguishable from a Norman in the eleventh century or, for that matter, from an English bowman in the fourteenth or the fifteenth. Though they may not have had stirrups, Persian and Byzantine horsemen around 500 A.D. strongly resembled medieval knights in that they wore armor (hence their name, cataphracts), and wielded a lance as their principal weapon. As if to illustrate the point, when Alexander the Great first crossed into Asia Minor he was presented with a suit of armor guaranteed to be of Trojan War vintage. He then actually wore this 900-year-old contraption in battle, until it became so battered that a replacement became necessary.

By the end of the Middle Ages, it is true, certain weapons had become obsolete and had all but dropped out of use. They included the spear (which was replaced by the heavier lance and pike), the battle-ax (likewise replaced by its larger counterpart, the halberd), the javelin, and the sling. However, such was the nature of the age that not even the disappearance of certain devices and their replacement by others necessarily constituted a sign of sustained technological progress of the type associated with the Industrial Revolution. This is demonstrated by the persistence into the 1400s of some extremely primitive weapons, like the mace, whose origins reach back into the earliest civilizations. Moreover, regression sometimes occurred. Knowledge of some technologically sophisticated weapon was lost, as in the case of the crossbow, and—an even more famous instance—Greek fire.

Thus, the period on the whole was marked not so much by the invention of altogether new weapons as by endless alterations and combinations of existing ones. As is to be expected, similarities in weapons often led to marked similarities in tactics. To take an extreme case, there is no indication that Saracen warfare as observed by the Crusaders around 1200 A.D. differed greatly from that practiced by Rome’s Parthian enemies at Carrhae in 53 B.C. Moreover, there were strong resemblances between the Macedonian style of war in 300 B.C. and the Swiss style in 1400 A.D., as there were between Roman legionaries under Julius Caesar and Spanish sword-and-buckler men under Gonsalvo de Córdoba. Contemporaries, of course, were aware of these similarities. To them, they frequently meant that all history was contemporary history, freely to be culled for inspiration, examples, and even for outright models to copy. Thus, throughout the Middle Ages, the Roman military textbook of Vegetius was used as a handbook for commanders, Richard Coeur de Lion and his rival Philip Augustus being among its most prominent readers. Even more significant, sixteenth- and seventeenth-century commanders such as Machiavelli, Maurice of Nassau, and Gustavus Adolphus consciously sought to profit from the lessons of earlier armies, even to the point of directly imitating weapons and formations and tactics. So limited was military-technological progress that it was a matter of some doubt among early modern European experts whether “modern” armies could have stood up in a trial of strength against the best ancient ones. When the Chevalier de Folard published what was to become one of the most influential tactical treatises of the century in 1729, he cast it in the form of a commentary on Polybius. The perfection of firearms, and the subsequent dominance of the machine over the battlefield, finally caused all these older devices to be relegated to the scrap heap around the time of the War of the Austrian Succession. These developments, in their turn, contributed to the invention of military history as we now understand the term.

The essential unity of the period under consideration is also the result of the equality of maximum energy that could be utilized by all peoples. So long as the range of weapons is limited, everything pertaining to field warfare must necessarily be mobile. That meant that some forms of technology and large-scale organization, of the kind that was applied to civilian construction as well as to fortification, could not be employed on the battlefield. True, the chariot may be understood as an attempt to maximize the energy of horses, just as the phalanx represented an attempt to maximize that of men. Both devices were successful at first but, as massed power resulted in unwieldiness, they ultimately became self-defeating. Packing men into masses—such as the Greek phalanx, the Roman wedge, and similar formations employed by the early Germans—or using animals in teams, was a simple expedient equally available to virtually all peoples, whatever their relative degree of economic and material development as represented by the amount of horsepower available to them on a per capita basis. Thus, when it came to taking the field and fighting a battle, the maximum energy that could be usefully brought to bear was about equal. This was true regardless of the technological level that may have been reached in other fields, such as building, writing, or agriculture.

If this line of reasoning is valid, then it endows the period under consideration with yet another kind of unity. It helps explain how the Hyksos—the “shepherd-kings” whose material civilization was so primitive that we know hardly anything about them—were able to bring down the Egyptian Middle Kingdom; how, perhaps 300 years later, tabernacle-dwelling Hebrews employing trumpets as their weapon could vanquish the technologically much superior, urban-living, Canaanites; how Germans and Huns, the latter so primitive that they are reported to have eaten meat uncooked, could bring down the Roman Empire; and how, as late as the thirteenth century, the tent-dwelling Mongols could conquer China on one end of the Eurasian continent and come within a hair of overrunning Europe on the other. In all these cases, the decisive factor was mobility. Its importance while on campaign and during battle was such that the advantage of the “civilized” peoples over “uncivilized” ones was seldom decisive, never to be taken for granted. It lies in the nature of things, however, that nomadic tribes were unable to compete with sedentary civilizations when it came to siege warfare and fortification.



Siege Warfare


THOUGH IT DIFFERS sharply from field warfare, fortress warfare and its technological foundations also dates back to neolithic times. However, so much has been written about the history of fortification, the process by which the earliest mud walls and palisades developed into the lofty and complicated stone structures dotting the countryside during the later Middle Ages, that not even a brief recapitulation appears in place here. Rather than retrace, we will bypass that evolution and focus on the things that all or most fortresses before 1500 A.D. had in common.

From time immemorial, fortifications have always fallen into three different types, here discussed in order of increasing strength and ability to resist assault. Of these the most elementary is represented by field fortifications, which may be defined as obstacles erected shortly before a battle and intended for temporary use while it is going on. Originally such fortifications may have been derived from hunting, where various devices were used since prehistoric times to trap animals and to limit their movements. Accordingly, these fortifications frequently took the form of pits or ditches. Sometimes, however, more sophisticated devices were employed. Stakes, either simple or joined together crosswise into cheveaux de frise, represent a very ancient invention. So does the caltrop, a contraption made out of four iron spikes joined to each other in such a way as to form a tetrahedron. Numerous devices of this kind were strewn on the ground, in the hope that the enemy’s horses might step on them and become disabled. Last but not least, temporary wooden fortifications were also developed at an early date. When the Normans landed in England in 1066, the first thing they did was to unload a prefabricated wooden tower and erect it on the beach.

While many of these devices were technically quite primitive, this should not be taken as proof of ineffectiveness. On the contrary, at the right time and place, field fortifications however simple could present a formidable obstacle, since they forced the enemy to divide his attention between dealing with them and protecting himself. Consequently they helped decide the issue in many engagements, including the famous battles of Crecy (1346), Poitiers (1356), and Agincourt (1415), in each of which the English archers resorted to stakes to protect themselves against the French knights’ assault. The effectiveness of field fortifications, incidentally, also helps explain why their development has been so very slow, and why some of the devices in question, though essentially dating back into prehistoric times, have remained in use almost unaltered down to the present day.

Though the erection of field fortifications did not present a technical problem to any people that was even halfway civilized, tactically speaking they were effective only if the enemy could be persuaded to launch himself against them rather than transfer the fight somewhere else. To prevent such an outflanking movement from being made on a strategic scale, it was necessary to resort to fortifications of the second type and erect continuous barriers. Again, the concept of constructing long defensive lines consisting of ditches backed by earthen walls was not in itself very difficult. It did, however, require managerial and organizational skills and resources, and the ability to put thousands and even tens of thousands of men to work in a purposeful, coordinated fashion while simultaneously keeping them fed, clothed, housed, and policed. These were areas in which a number of ancient societies excelled, particularly so-called hydraulic societies that depended for their existence on the large-scale management of waterways in semi-arid regions.

At various times and to varying degrees, the Chinese, Sumerian, Hellenistic, and Roman Empires all invested heavily in the erection of continuous barriers, an art that the Romans in particular are said to have developed to a point which may never have been surpassed before or since. It has been said that the legions during late Republican and Imperial times consisted not so much of heavy infantry as of combat engineers, “Marius’ Mules,” who in addition to their stakes and saws and pickaxes and shovels and measuring instruments also happened to carry weapons. This equipment, and even more the quality of the organization by which it was put to use, enabled the Romans to carry out remarkable feats such as erecting a legionary camp in a single night or digging a trench right across the heel of Italy in order to contain Hannibal. It was a question of pouring sweat in order to save blood.

Barriers were sometimes built on a truly massive scale so as to protect entire provinces or even countries, as exemplified by the Roman frontier, or limes, and the Great Chinese Wall. The remains of such systems, particularly the Great Wall of China, are certainly very impressive. Nevertheless, their size should not mislead us in regard to their nature or cause us to overlook their limitations. In the first place, always and everywhere it was only the largest, politically most centralized, empires which were capable of building fortifications on such a scale, a consideration which does much to put into perspective their importance to the development of warfare. Second, even where lines were established and maintained, the economics of construction were such that military-technological perfection along their entire length was hopelessly beyond reach. Consequently, even the most powerful of the systems we have mentioned were far from impenetrable. In every case, their value was derived not so much from their intrinsic physical strength as from the patrols which guarded them, the signaling apparatus with which they were provided, and the garrisons which were stationed behind them and used to seal off any local penetrations. Even so, in almost every case the people they were designed to keep out—such as the Caledonians, or Germans, or Mongols—were rather backward culturally, which of course also meant that (except when they employed prisoners) their siege technology was undeveloped.

Where siege techniques had reached any real development, however, mere earthen ramps, or even walls made of stone like those constructed by Hadrian across northern England, were certainly insufficient to keep out a determined invader. In such a situation, economic considerations invariably dictated that only individual points, not large areas, could be surrounded by fortifications sufficiently powerful to enable them to be defended for any length of time. This is just the opposite from the situation today, when entire fortified belts may be expected to survive the worst enemy attacks even if individual strongpoints do not. Inevitably, in the period under consideration, the inability to fortify extensive tracts of land led to the erection of a closed ring or, to use the meaningful French term, an enceinte, as the dominant type of fortification.

Depending on whether the society in question was monarchical or democratic in character, and urban or rural, enceintes might protect citadels (often containing the principal public buildings of a town), entire cities, or individual castles belonging to feudal lords and serving as points of refuge for the surrounding population. One way or another, their existence implies that the relationship between open countryside and human settlement was different from the one to which we have become accustomed during the last few centuries. However great the superiority that an invader enjoyed in the field, and however numerous his victories in battle, a country was not really occupied until its fortresses had been reduced. These fortresses, accordingly, were designed to resist a siege, that is, to deal with a situation in which the surrounding countryside was overrun and one’s own forces encircled by the enemy on every side. For this purpose, ring-like defenses, however well built, only represented the first step. What was needed, in addition, was room for supplies of various sorts, as well as a reliable source of water.

The technical problems associated with this kind of fortification are simple enough in principle. During neolithic times, villages were already located in inaccessible areas and surrounded by ditches, palisades, and sometimes by water-barriers which had bridges that were easy to remove. The first town to encircle itself with a complete belt of permanent stone fortifications is thought to have been Jericho around 5000 B.C., though the suggestion has recently been made that the structures in question were intended for flood control. The fortification of cities may have been practiced in Egypt as early as the Old Kingdom, but the interpretation of the evidence is once again uncertain. Be this as it may, fortifications belonging to the period 2500-1500 B.C. have been dug out in Egypt, Sumer, and Palestine. The first really detailed evidence concerning siege warfare dates to the period 1300-1200 B.C., whereas the Assyrian reliefs now at the British Museum show us that, by 850 B.C. at the latest, most of the basic principles of building a fortress were well understood. This included curtain walls with loopholes for shooting arrows, crenelation, parapets, reinforced gates, and towers projecting from the walls and serving to cover the base of curtain walls by interlocking fields of fire.

Lagging behind the eastern civilizations in this as well as in other respects, the Greek poleis that started emerging from about 800 B.C. were not fortified. Usually only the akropolis, a lofty hill in the center of town, was surrounded by a wall and served as a place of refuge in case of war. Shortly before 430 B.C., however, the Athenians took the advice of Pericles and constructed the long walls linking their city with the port of Piraeus, thus enabling them to wage a prolonged war in spite of the repeated ravaging of their hinterland. Other cities soon followed suit. A number of building projects on a comparable scale were initiated, with the result that by Hellenistic times at the latest the art of fortification already reveals a grasp of principles probably not surpassed even in the present day. The strongest fortresses, like those of Rhodes or Pergamon, consisted of multiple walls affording mutual cover and incorporated especially constructed vaults for archers, as well as sally ports. They also contained a system of internal communications so as to enable reinforcements to be rushed from one part of the perimeter to another. Self-contained forts within the system were capable of being sealed off from the remainder of the system, rather on the model of damage-control in modern warships; special, often quite elaborate, protection was provided for the weak points presented by gates.

In so far as the early Middle Ages constituted a period of darkness and the art of fortification declined (though many towns seem to have retained their old Roman walls more or less intact), some of these devices may have had to be reinvented from the year 1000 onward. However, apart from the fact that the strongest medieval fortresses consisted of castles rather than of town walls, few if any new elements were added. Medieval castles differed from Greco-Roman towns in that they centered upon massive stone towers, or donjons. These were surrounded by often multiple curtain walls that were provided with the usual covered galleries, buttresses, parapets, crenelation, machicolations, flanking towers, sally ports, protected gates, etc., all of which were in a state of constant development and tended to become more and more elaborate as time went on. Since the area enclosed by the walls of these castles was relatively small, it became practicable to surround many of them with a ditch, and since water was often more abundant in northwestern Europe than it was in the Mediterranean basin, many of these northern ditches could be filled with water either permanently or in preparation for a siege.

However, many medieval castles differed from ancient fortifications surrounding cities in one respect: their function was not only to afford protection and refuge, but also to dominate the surrounding countryside. This meant that, instead of being built in the plains, many of them were set up on the spurs of hills, which of course offered additional protection. From a tactical point of view, however, these were improvements in detail. For our purposes, the important thing to remember is that the basic principles of the enceinte and its counterpart, the siege, were everywhere maintained.

For reasons that will become clear in a moment, we do not know when and where the first specialized siege weapons originated. Siege warfare may have been practiced in Sumer as early as the third millenium B.C. Much detailed evidence also comes from Egyptian sources dating to the period 1300-1200 B.C. To judge from the reliefs, the Assyrian army that destroyed the Biblical Kingdom of Israel and came within a hair of doing the same to Judea already possessed quite an array of such siege devices amounting to a regular train. The equipment in use included ropes attached to hooks, crowbars, scaling ladders, rams, siege towers, and mantelets, the latter being a kind of wagon that was armored in front and could be pushed close to the walls so as to afford cover for archers. Mining, too, was practiced.

Unlike the fortifications which they confronted, the principal materials from which all these devices were made, in this as in all subsequent periods until the end of the Middle Ages, were organic, hence perishable. As a result, none has survived intact and our understanding of them depends on pictorial representations and written records. Wood of course represented the most important single material, and was often joined by leather and even wickerwork as a way of affording cover to the personnel. Sometimes iron plates were attached and served as armor for the sides of towers exposed to enemy action. On the whole, however, iron was considered so scarce and expensive as to be employed mainly for the heads of battering rams and also for the nails, rivets, axles, and hinges between moving parts that many of these devices required.

Though the devices described in the previous paragraphs were of course much larger than the weapons carried by individual men, they resembled the weapons in that they, too, were powered by human muscle. It is for this reason that they may be included under the rubric of tools, although admittedly a siege tower several stories high and weighing many tons, such as was employed by commanders from Alexander to King Edward III of England, represented a tool of a rather peculiar type. In the absence of a new energy-source, the price that had to be paid for power was size and unwieldiness. Rams, mantelets, towers and various crane-like devices powered by men and used for lifting troops onto the walls could only be moved with great difficulty, if at all. Hence their deployment often had to be preceded by the construction of massive earthen ramps, a job that might take weeks or months and which the besieged would resist by every means at their disposal.

If the tactical employment of the apparatus comprising a siege train was always problematic, moving it from one town to another was even more so. Some of the devices could travel in a disassembled state in wagons or on the backs of pack animals. Others, however, were so large that they could only be built on the spot, for which purpose it was necessary to have suitable craftsmen, raw materials, and a supply of those parts such as rivets, nails, clamps, etc., that could not be readily manufactured out of local resources. Devices too heavy to be easily moved about were not, of course, useful for field warfare. On the other hand, one suspects that it was precisely for this reason that nomadic peoples such as the Mongols who carried all before them in the open field ran into difficulties when they entered western medieval Europe, an area that was so densely studded with castles that the remainders of over ten thousand are known from France alone.

Although the Bible in the book of Chronicles, Part 2, says that King Uziah of Judea built stone-throwing machines to protect Jerusalem, the contemporary records of other people living in the Mediterranean area do not mention them. It is possible that we are confronted by an anachronism. This assumption is strengthened by the fact that the Greeks did not copy these machines from their eastern neighbors, as they did in the case of so many other devices, but apparently invented them independently. According to the engineer Hero who lived at Alexandria during the second century A.D., the invention was made at Syracuse in Sicily around the year 400 B.C. and may have been connected with the abortive Athenian siege of the town, that had just ended.

Early Greek ballistae are best described simply as oversized crossbows, although in point of historical fact technological development seems to have proceeded the other way around and derived the smaller weapon from the larger engine. These devices, mounted on wooden stands and cocked by means of a lever or winch, fired heavy arrows to an effective range of perhaps 200 to 300 meters, with some pretense at accuracy, but at a slow rate which normally made them unsuitable for use in field combat. These machines were soon followed by others employing the energy stored in ropes that were twisted into skeins. Cocking was done by a team of men using a pin-and-ratchet mechanism; release was effected by means of a trigger. Aiming could be carried out either by swinging the entire engine around, or—in the case of heavy machines relying upon indirect fire—by perforated washers set at different positions so as to regulate the amount of power employed. Depending on size and the details of construction, either arrows or stones, some weighing as much as sixty pounds, could be thrown to a range of between several dozen and several hundred meters.

Mechanical artillery represented a considerable technological feat, and one which has not been easy to duplicate even today; and it differed from other instruments of war in one critical respect. Since the machines were capable of storing energy, the direct link between the power of the shot and that of the human muscles working them was broken. Their performance was, up to a point at any rate, independent of their operators’ physical condition and also of whether the crew was brave or cowardly, tired or excited. Their introduction both to siege warfare and the field—where, however, limitations of weight and accuracy and rate of fire always constricted their use—therefore led to the emphasis on technical and professional expertise at the expense of individual heroism. As the derivation of the word “engineer” still reminds us, such expertise also led to the rise of a different type of warrior. “Oh Heracles, the valor of men is at an end,” the Spartan king Archidamas is quoted as saying when he encountered the new engines for the first time.

Mechanical artillery reached the peak of its technological development around 200 B.C., when mathematical formulae were devised to relate power with size; it subsequently entered a long period of stagnation. It is even possible that the principles of its construction were forgotten during the early Middle Ages. Be this as it may, in any case, around 1050, both the Christian and the Muslim world had reintroduced the machines into warfare, sometimes on a massive scale running into hundreds of units. Another century and a half, and the trebuchet—a counterweight-operated war engine much more powerful than anything known even to the famous Demetrius Poliorcetes—had joined the ranks of mangonels and catapults and petriers and arbalests (keeping the various types apart constitutes a difficult, and perhaps futile, concern of scholarship) without, however leading to fundamental changes in the nature of siege warfare. This was because mechanical artillery, however well developed, never quite acquired the power to bring down entire walls in the manner subsequently made possible by gunpowder and cannon. Although a lucky hit by a heavy stone might bring down part of a crenelation or machicolation, high trajectory fire was useful mainly as a terror-weapon against the interior of towns and castles. The principal function of flat-trajectory arrows was to drive off the defenders from a section of the wall, thus creating safe areas where escalades could be attempted, towers mounted, and rams and bores put to work. Finally, mechanical artillery could be used for launching incendiaries, live snakes, and dead horses—representing an early form of biological warfare—and the occasional delivery of humans or parts of humans as well.

Although ballistae, catapults, and all the rest are most frequently mentioned in connection with attacks on towns and fortresses, the fact that they were also capable of being employed for defense is often overlooked. Indeed it is far from clear how they were first used. Beginning in the fourth century B.C., the walls of many a Hellenistic town included specially constructed rooms for engines. So, 1500 years later, did those of some medieval castles. Since much the same weapons were used by both sides, a clear technological edge on the side of either the offense or the defense did not emerge. Nor could it have been otherwise, or else the complete dominance of one would necessarily have led to the disappearance of the other. As it was, the development of enceintes on the one hand and of siege engines on the other, often seems to have proceeded at the same pace. Such was notoriously the case from 400 to 200 B.C., a period of rapid development for both fortifications and siege techniques; as also in 400-1000 A.D., when there was stagnation, and in some fields probably a decline; and from 1000 to 1300 A.D., when development started afresh, leading to a neck-and-neck race until castles and engines both reached the peak of their development during the first third of the fourteenth century. Capturing a well-built fortress that was also strongly held was never an easy task, nor are there clear signs of its becoming easier during the period considered here.

Since breaching the walls was often difficult, if not impossible, many sieges in both the ancient and medieval worlds ended when one side or another ran out of resources. As will be shown in greater detail later on, during the millenia before the invention of mechanical transport (including also the centuries examined in Part II of this study) simply remaining immobile with a considerable force in front of a besieged town or castle, whose surroundings had been emptied of provisions, represented a considerable military-administrative feat. Often it was as difficult as, or more difficult than, husbanding resources inside, so that sieges degenerated into races as to who, attackers or defenders, could hold out the longest. Even when this did not happen, very often it was factors other than the simple balance between offensive and defensive technologies that decided the issue. Rather, the fall of a fortress was brought about by the discovery of some weak spot such as a water conduit entering a wall or latrines leading out of it. Exploiting such a spot might simply be a question of resourcefulness and daring, or it might involve treachery.

In conclusion, it is important to note the prolonged, uneven, often overlapping and sometimes quite rapid development of fortifications and siege technology during the more than two millenia between 750 B.C. and 1500 A.D. However, these developments should not cause us to lose sight of the fact that the period as a whole forms a single unity. It is clear that field fortification changed little, if at all, during the period in question. Fortified systems covering entire provinces and even countries were sometimes built, but were useful mainly for keeping out nomads who, by virtue of their very style of life, were often unable to develop a powerful siege technology. It is worth bearing in mind, however, that such fortified lines had a great future when enceintes finally went out of fashion during the third and fourth ages covered in this book. As to siege warfare itself, in spite of numerous short-term fluctuations that occurred at various times and places, the relative power of siege technology and fortifications remained essentially the same. Given that the strongest fortifications were built everywhere of either stone or brick, and that they were confronted by wooden engines deriving their energy from either human muscle (as in the case of rams, bores, and the like) or else from mechanical contrivances, this may not come as a particular surprise. What is surprising is that so many of these factors remained unaltered well into the age of gunpowder.



The Infrastructure of War


IN THE PERIOD under consideration, as indeed in all others, nonmilitary technologies played a decisive role in shaping warfare in general and strategy in particular. Not weapons and arms alone, but every kind of technique was involved. Nor was the impact onesided. If military capabilities were partly dictated by technology, technology itself grew partly in response to military needs. As always, the two factors interacted, and by so doing pushed development along.
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