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Man Caves:
Humanity's Next Home

Ken Roy
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We’re learning that planets appear to be plentiful, with most stars having a family of such bodies. As we venture into interstellar space it would be nice to think that we would find countless Earthlike planets having good clean breathable air, plenty of liquid water, a little ice, and be free of allergens, toxins, and bacteria that would harm us. A moderate temperature, a reasonable gravity, low background radiation, kindly neighbors, etc., all would be nice to have as well. With such a world, the colony lands and sets up shop, and lives happily ever after.

We shall consider such a world a habitable planet. Stephen Dole of the Rand Corporation estimated that about 1 in 200 stars has such a world. A more recent analysis by William Pollard of the ORAU Institute for Energy Analysis estimated that this number actually ranges somewhere between 1 in 100,000 to 1 in 10,000,000 stars. With Dole’s estimate, our space-faring descendants, on average, would have to search a spherical volume of space having a radius of 25 light-years to find a single habitable planet. With Pollard’s estimate, that radius would range between 200 and 1000 light-years. Habitable planets are probably not as common as we would like and by definition already possess life. This life may not take kindly to alien invaders (us). Indeed, its ecology could lack some essential amino acids that we require and could even be toxic to humans or even Earth life in general. There is much to be learned from alien life and certainly no reason not to study it, but there are real, practical, and even ethical issues involved in trying to colonize such a planet.

Martyn J. Fogg, in the book Islands in the Sky, (edited by Stanley Schmidt and Robert Zubrin) defines two other types of planets that our space-faring descendants would seek out. The first is termed a “Biocompatible Planet.” Fogg defines such a planet as possessing the necessary physical parameters for life to flourish on its surface. It would be initially lifeless but with the introduction of Earth life could host a biosphere of considerable complexity without the need for major planetary engineering. Planetary engineering could involve mega-structures, giant space mirrors, and probably the importation of vast amounts of volatiles such as nitrogen, hydrogen, and water.

The second he terms an easily terraformable planet. Such a planet does require planetary engineering to be rendered biocompatible, and then eventually habitable as Earth life is introduced and a vibrant Earth-based biosphere allowed to develop. Terraforming is a term that applies to both types of planets, one just requires more work than the other.

Habitable planets, biocompatible planets, and easily terraformable planets all must lie in (or at least very close to) a star’s habitable zone. This is a fairly narrow region around a star where the star’s radiation maintains the planet’s temperature above freezing but below the boiling point of liquid water. In our solar system, Venus and Mars are at the edge of our star’s habitable zone and the Earth sits comfortably in the middle. Mercury, the moons of the gas giants, and the dwarf planets need not apply.

According to Dole, stars smaller than 0.72 solar masses won’t have a habitable zone due to the fact that by the time a planet is close enough to the star to be warm enough, they are too close to avoid tidal retardation of the planet’s rotation. Their rotation will slow and eventually the planet will become tidally locked: one face always facing their star. He assumed that a tidally locked planet would be by definition uninhabitable. However, that may not always be the case, as some recent papers suggest that such planets might actually have habitable regions but habitable regions very different from that to which we humans are accustomed.

In any event, sterile planets are probably common, but “traditional” terraforming concepts require that they exist within a star’s habitable zone and that the star possess a light spectrum similar to that of our sun in order for plant life to survive and for the human eye to function properly. But there is one terraforming approach that bypasses these limitations, thus greatly increasing the pool of planets and even star systems available as potential new homes for humanity and any Earth life we choose to bring with us.




The Shell World Approach

The basic idea of a shell world is to build a material shell that totally encloses a planet and its atmosphere. This shell will contain the atmosphere, provide some radiation protection, and serve as a way to regulate heat and light. If we can regulate the light and heat under the shell, then the limitations imposed by the star’s habitable zone vanish. Mercury, Mars, the Earth’s moon, many of the larger moons of our gas giants and even dwarf planets, such as Pluto, become available as potential future homes for humanity. It is reasonable to assume that such planets, moons, and dwarf planets are probably common around other stars, certainly far more common than habitable planets or even easily terraformable planets.

This shell is in essence a hollow sphere with a planet or moon in the middle. We know how to calculate the tension in a spherical shell resulting from internal pressure—and with a shell the size of a planet the resulting stress is huge, big enough to rupture even the strongest material that we know of. But there is also a second force in play: gravity. A mass located at the center of a large hollow sphere pulls on the sphere and creates compression stresses in the shell. For a shell around a planet, or large moon, the resulting compression stress due to gravity is huge. Thus, we have two forces acting on the shell, both huge. One is positive and the other is negative. If we’re clever, we can make them cancel out.

Let’s consider Mars. If we constructed a metal shell 10 kilometers above the planet’s surface so as to totally enclose the planet, we would need this metal to be 70 times stronger than steel, assuming no atmosphere, just to withstand the gravitational pull of the planet. But Mars does have a small atmosphere. Suppose we brought it up to Earth-normal pressure (14.7 psi) by adding a lot of oxygen and nitrogen and raised the average atmospheric temperature to 60°F. We also assume that there is no atmosphere above the shell. Now, if we make the shell out of steel that is 2.2 meters thick, then the actual stress within the shell is now 0.0 psi. The tensile forces in the shell induced by atmospheric pressure on the shell counters the compressive forces induced by the planet’s gravity pulling on the shell.

Think about that for a minute. Under the shell Mars now has an Earth-normal atmosphere. The atmosphere is completely contained and will never leak away as long as we can keep the shell airtight. Sure, some leakage through the shell and its airlocks and maybe even outgassing from shell materials is bound to happen but as long as no significant atmosphere is allowed to accumulate on the outside of the shell the forces within the shell will remain balanced. If enough gases do accumulate on the outside of the shell to begin to upset the delicate balance between compression and tension then either more gases will have to be released under the shell or the gases outside the shell will have to be captured and either removed or re-injected under the shell. Another option is to begin to remove some of the mass on the shell, maybe dropping it on the planetary surface. Like a living thing, a shell and its world will need to be constantly managed and defended against asteroids and other space debris. But, as long as the balance can be maintained, the shell itself is under little stress and structurally could survive for millennia.

Once the shell is up and the atmosphere adjusted to Earth-normal composition and pressure you can now comfortably walk the surface of Mars without a spacesuit. Yes, it would be dark, but we will fix that problem later.

The smaller the central world, the thicker and heavier the shell needs to be to allow gravity to induce enough compressive force to counter the tensile force caused by an Earth-normal atmospheric pressure. Solutions for several bodies are shown in Table 1.
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Because the shell is under little stress it is possible to build it out of almost anything. The examples shown in Table 1 assume that the shell is entirely steel. However, the actual stress-bearing portion can be relatively small with the rest of the actual shell mass being dead weight, needed to provide the central body with something to tug on and inducing compressive forces within the stress-bearing portion. In the case of Mars, a steel shell one meter thick with about 6.5 meters of regolith (dirt) on top of it could have the same small stress in the thinner shell as a solid steel shell.

Infinite combinations of metal, ice, dirt, and rocks are possible, but the shell must be airtight and the mass must be evenly distributed across the shell. It is possible that some of this non-structural mass can be in the form of vacuum-loving industries, solar collectors, heat exchangers, shuttle landing strips, communication systems, power plants, etc.

Larry Niven’s Ringworld is unstable. A ring around a star, if displaced, will continue to have the nearer edge pulled into the star, leading to a sad, but exciting, end to any ring inhabitants. Niven handled this by having his Ringworld engineers install control rockets. But a spherical shell enclosing a moon or planet is stable as long as atmospheric pressure varies with altitude more than the gravitational field. If a portion of the shell approaches the central world, atmospheric pressure will push it back into place. At the same time, the portion of the sphere moving away from the surface will be pulled back into place by the lower atmospheric pressure that it experiences. Note that placing a solid spherical shell around a star (this is known as a Dyson Sphere) is probably not structurally sound without using materials far stronger than any we know of today.

If we assume Earth-normal pressures and temperature on the central world’s surface, then the central world needs to have a mass of at least two times that of the asteroid Ceres in order to achieve the required pressure gradient to assure shell stability. This is not to say that a shell cannot be constructed around Ceres, but only that such a shell must be stabilized with cables and/or columns or even control rockets.




Shell World Design Considerations

The mass and size of the planet, or moon, will determine the gravity and surface area of the new world. The asteroid Ceres with a mass of approximately 0.00016 that of Earth and having a radius 0.07 that of Earth represents, perhaps, the smallest world that could be “terraformed” with a shell. The shell would be very thick and it would have to be stabilized with large columns and/or heavy cables. The builders would have to provide 363 metric tonnes of mass for every square meter of shell area. This doesn’t have to be all steel. In this case it could be 2 meters of steel, 354 meters of ice (Ceres has a lot of water ice) and 20 meters of regolith. This is a lot of mass but also a lot of radiation shielding. A Ceres colony with such a shell could survive a very intense gamma ray burst, one intense enough to destroy most life on Earth, the type of which may account for several mass extinctions in Earth’s history.

Because Ceres has a rocky core covered by an icy mantle many kilometers thick, the atmospheric temperature under the shell would probably be below freezing. Another possibility is to melt the ice (yes, we’re talking about a lot of energy) and create a water world with the ocean hundreds of kilometers deep. Any cities would be floating structures but with an Earth-normal atmosphere, and human powered flight would be possible.

The height of the shell above the surface of the world is a design choice. If the shell is intended to rotate relative to the planet’s surface, then it needs to be high enough that any mountain would be unlikely to rip a gash in the shell. If the shell is stationary with respect to the planetary surface, then mountains could actually project through the shell. This presents some engineering challenges as the shell/mountain interface would have to be effectively sealed. For example, Olympus Mons on Mars is a shield volcano with a height of 22 km above the surface. If the shell is only 10 km above the surface the large volcano would extend through the shell and would make a good space port, as it would have no mass loading limitations.

But beyond that, the limit is only how much atmosphere you have available to import. It should be noted that atmospheres with pressures other than 14.7 psi (Earth-normal) and compositions other than 21 percent oxygen, 78 percent nitrogen, and 1 percent argon are certainly possible, but all atmospheres discussed here are limited to Earth-normal compositions. Planetary engineering encompasses the importation of atmospheric gases to make up the atmosphere. With a shell world, the amount of gas needing to be imported can be significantly reduced. Using Mars as an example, oxygen could probably be manufactured using local sources, but nitrogen would probably have to be imported from the outer planets, or maybe Venus. A 10-km high shell requires only 36 percent of atmospheric gases needed for an uncontained atmosphere.

Oceans are nice. Once you have an Earth-normal atmosphere and temperature, the addition of water will result in lakes and maybe oceans fairly quickly, even on a low gravity world. Rains will wash salts from the soil into the new oceans, making the soil more fertile. Oceans can be useful for regulating heat and are vital to numerous ecological cycles. And if we’re thinking in terms of providing a new home to all of Earth life, then oceans become necessary. The size and extent of the ocean(s) is a design choice. To make the required amount of water, hydrogen may have to be imported, assuming that oxygen can be produced locally. And make no mistake, we’re talking about lots of hydrogen.

Climate can be a design choice. The entire world could be temperate, or it can be configured to have frozen poles and a tropical equator with resulting weather patterns. It could be a hot desert world, or a cold frozen world, or as we have discussed already, an ocean world.

There are no reasons structures can’t be hung from the underside of the shell, provided that the deadweight above the shell at that point is reduced to compensate. The entire underside of the shell might be utilized as living space, effectively doubling the living area of our Shell World. Heavy and dirty industry could be located on the outside of the shell.




Heat and Lighting

Because of the shell, everything beneath it would be in total darkness without some provision for artificial lighting. Structural penetrations in the shell need to be kept to a minimum and an alien star might not provide the correct spectrum of light required for Earth life. But artificial lighting offers many choices and could effectively duplicate our sun’s light spectrum along with the Earth’s 24-hour, day-night cycle regardless of the rotation rate of the planet/moon. Even a tidally locked planet/moon could have a 24-hour day-night cycle under the shell.

Humans need light to see, but plants need light to live. Earth plants use less than 250 W/m2 out of the 1400 W/m2 available from the Sun, and that mainly in the blue-violet and orange-red ends of the spectrum. This much is required over agricultural and forest areas. How much more than this would be provided for the humans? The choice of colors and intensities is almost infinite. Ultraviolet light could be provided over beaches to allow tanning and sunburns. Infrared could be provided to control temperatures within the shell. Some areas could be left in eternal night and others would be forever bright. The energy bill would be rather large and of course all of that energy would need to be radiated away as waste heat after use.

There are two types of heating problems. If the world is too close to a star, such as Mercury, the problem becomes one of minimizing heat input into the world and providing means for adequate dumping of waste heat. If the world is far out in the Oort Cloud the problem is one of retaining heat. These are engineering problems. The solutions will no doubt require large quantities of energy and power, but a civilization that can build planetary shells probably has the ability to solve those problems.




Radiation Protection

Radiation exposure is an issue that any proposed space settlement must address. On Earth, the average human absorbs 30 millirem (mrem) annually from space radiation. (A rem is a unit of damage done by radiation to the human body.) By comparison, the total average annual dose for each human from all sources is about 360 mrem. Most of this is from terrestrial sources such as radon. Most charged particles from the Sun and some cosmic radiation are deflected by Earth’s magnetic field. Some do get through and hit Earth but most of those are attenuated by our atmosphere. Thus, the low 30 mrem dose from space radiation for Earth dwellers. Note that someone standing on the lunar surface has no magnetic field or thick atmosphere for protection, and with only a few centimeters of aluminum as protection would receive a dose of radiation far higher than their twin on Earth.

One advantage of a shell world is that the shell itself can serve as a radiation shield. Then there is the atmosphere below the shell to attenuate any radiation that penetrates the shell. Small celestial bodies generally have a slight to nonexistent magnetic field, making them prone to high levels of space-based radiation at the surface. But if one were to be transformed into a shell world, the shell could be used to reduce the radiation levels to some degree—perhaps below Earth-normal levels, and this on a planet with no magnetic field to protect it.




Construction of a Shell World: The Earth’s Moon

Construction of a shell world requires energy generation and material fabrication and transport on a vast scale. It could be done only by an advanced civilization capable of producing and using large quantities of energy and of safely moving large quantities of material around a solar system.

Let’s consider Earth’s moon. We could equally well choose Mars or Pluto, but let’s assume we’ve decided on Earth’s moon and somehow obtained the “rights” to it. The designers decide on a shell only five kilometers above the surface. They want an ocean that covers a quarter of the surface and has an average depth of 100 meters. Future locations for cities and forests are laid out. The initial sculpting is done with kinetic energy: rocks from space. The ocean basins are carved out, crater rims erased, and mountains and hills created. Final sculpting is done by automated dozers.

Now we have a lot of ice delivered and stored in the future ocean’s basins. This ice can come from the moons of the gas giants such as Jupiter, or perhaps from the Oort Cloud where countless icy comets have waited billions of years. We also need oxygen. This can probably be obtained by processing lunar materials and be stored in large depots. There is limited nitrogen on the Moon so it will probably have to be imported from Jupiter or Titan or Venus and also stored in large depots. Argon is entirely optional; plant and animals don’t seem to need it, but we can add a little to make our breathing air truly Earthlike.

Fabrication plants now begin producing a carbon-based fabric, perhaps using nanotubes or graphene sheets. We know how to make Kevlar® and, in the future, should be able to make large sheets of graphene. Both are incredibly strong in tension. This fabric must be strong, airtight, durable, and corrosion resistant. We cover the entire surface of the Moon with this fabric and seal up any seams. It is 25cm thick and designed to allow a stretch of one part in a thousand. On top of this we drop steel plates, each 25cm thick. These plates are connected in such a way as to allow the same stretch as the fabric. They are not intended to be structural but they will protect the fabric below and distribute any surface loads over a large area. On top of this we now dump regolith to reach a total loading of 52 metric tonnes per square meter. Assuming that regolith has a density of dry dirt, this requires about 36 meters of rock and dust. Industrial facilities intended for vacuum operation are sometimes substituted for regolith.

Now we slowly release the oxygen, nitrogen and argon under the shell. The shell rises off the surface of the Moon. The pressure under the shell stays at 14.7 psi. As we release more gas the shell rises. Eventually the shell is 5 kilometers above the lunar surface and the fabric structure goes into a slight tension. Now additional gases will result in increased pressure.

Next we start heating the oceans, converting them into liquid. This initiates a hydraulic cycle and rains begin to fall on the land, washing salts into the new oceans. Lighting and communications systems are installed on the underside of the shell, all run by power plants located on the outside of the shell.

Now comes the hard part. We introduce life from Earth to its new home and carefully nurture what once was a sterile world into a vibrant living ecology. It will have been a long and expensive undertaking, but at the end we will have a new home for humanity and all the other forms of life that shared Earth with us—except perhaps for certain pathogens and parasites. We’ve just increased the available habitable land area available to humans by about 20 percent. If we consider the underside of the shell as habitable area as well, then we’ve doubled this to 40 percent. True, we can’t walk on the underside of the shell but we can build structures that attach to the underside or even hang from it. Think of pictures from the Graf Zeppelin; and we have the entire underside of the shell to work with, not just a few gas bags. Lighting, communications, sensors, and other utilities would all have to be integrated into this suspended structure but it could become the preferred location for humans with the lunar surface left to grow wild with Earth life. And in the light gravity and Earth-normal atmosphere human powered flight is possible. And the view . . .

No doubt, there will be mistakes made and lessons learned from both the shell construction and the following terraforming work that will be available to future terraforming efforts.




Conclusions

Shell worlds could be constructed at any star that has something orbiting it with a mass greater than two Ceres. The type of star doesn’t matter. The location of the star’s habitable zone doesn’t matter. The radiation environment does matter but can be dealt with. In high radiation fields we want smaller bodies. This results in thicker and more massive shells. Such shell worlds could last for many thousands of years, and with proper maintenance and gradual improvements could last far longer, perhaps for geologic time scales.

The most common type of star in our galaxy is the small, unassuming red dwarf. These are M-class stars with a mass less than 0.45 that of our sun. They are generally not considered good targets for SETI. This may be a mistake. Such stars probably have many bodies suitable for being made into shell worlds. These stars have lifespans many times longer than our sun.

Alien civilizations having the technology to construct shell worlds may consider such stars for their long-term residence or even their retirement homes. There are probably even more brown dwarfs (or failed stars) in our galaxy than the numerous red dwarfs, and many probably have something akin to planets that could be transformed into shell worlds.

The shell world approach offers us the possibility of converting virtually any solar system with some orbital debris into a habitable star system, not just for humans but for as much Earth life as we care to import. When we finally head to the stars, we won’t be limited to finding habitable worlds or terraforming planets just in the habitable zone of a star, we’ll be able to transform lifeless planets well outside the habitable zone into Earthlike worlds. Surely the elder races can’t fault us for that.
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Principles of Organization for War and Organizing for War in the Carreraverse:
Part Four: Military Organization of Carrera’s Legions

Tom Kratman

Carrera, of course, being a construct with all those abilities and understandings I deemed him to have, understood most of this. Most of it, too, shows up in the central instrument of his story, the Legiones del Cid.

Those, however, come into existence, and morph and modify, in several forms. Initially, there is no one and nothing except Carrera, his rage and hate, and a set of instincts. From that, a core organization is formed, led to war, expanded, expanded, takes over a country, is expanded some more . . .

In fact, there are at least five forms the Legions take.


		The recruiting, organizing, purchasing, and training organization.

		The initial legion, of ten cohorts, that goes to war in Sumer.

		The expanded counter-insurgency corps, of four legions, that fights the war in Sumer and Pashtia, via unit rotation.

		The interim conventional corps, formed by stripping units and shifting them around, that intervenes in Pashtia to pull the Federated States’ chestnuts out of the fire.

		The massively expandable, citizen-soldier militia army that engages both the Tauran Union and the Zhong Empire.






How Carrera commands the legions:

Command and control, though often confused, are different things. Control should be obvious; it’s when what the commander wants to happen happens because he’s managing it and supervising it directly and personally. Command, on the other hand, is when what the commander wants to happen happens, but he doesn’t have to do a thing—at least nearly nothing—to make it happen. That is an ideal, though; there will always be some control required even in a unit that is largely under command. Sometimes, too, one has to exercise a lot of control initially to create command; you don’t get there by “wishing and hoping.”

Control is both limited and exhausting. If you want an example, look at the progressive breakdown of both Hitler and his ability to control German society and the German armed forces, during World War II. As people and events displeased and disappointed, his routine solution was to take over personal control, as if he was omniscient and his energy infinite. He simply broke his span of control even as he had to leave so many things uncontrolled (the more he took, the less he had) that Germany largely devolved into a state of anarchy—feudalism at best—as the war progressed.

With that sterling bad example in mind, Carrera doesn’t do that. Instead, his approach is, in the first place, to be highly selective in who is commissioned and to be selective in particular ways for particular things. His method of selection is to have the cadre evaluate new soldiers in initial entry training for leadership ability. The roughly ten percent or so who are found worthy then go to Cazador School, a cognate of U.S. Army Ranger School but with more emphasis on selection and greater real and perceived danger. After that, many even among those who graduate are found wanting and are shunted to jobs—sub crew, plus aerial scout and fighter pilots, for example—that require a good deal of intelligence and guts, but not much in the way of leadership ability. The other ones, those who make the cut, are divided—certainly imperfectly—by raw intelligence into two categories, Centurion and Officer. Officers are trained from the beginning to lead and command larger units. Centurions get a good deal of the same things, but also, by contrast, are developed into thoroughly determined senior non-coms, who are also, incidentally, meaner than weasel shit, and perfectly willing to impose discipline physically, at need. Because they’re willing and allowed, there is rarely a need.

By doing this he at least arranges a set of leadership corps that can be relied on to create and lead soldiers, as well as well-trained raw material as soldiers exit the initial entry training base.

The entire recruiting, school, and initial entry training system is Carrera’s first leg of command. It produces people who can and generally will do what he wants, to the quality he wants, and with a degree of success he finds acceptable.

The second leg of Carrera’s command is his staff. He uses it pretty much as any other commander might. He is, however, notable for keeping his staff on a fairly short leash and being thoroughly unpleasant when the staff imposes administrative requirements he sees as needless or distracting. He can be equally nasty to subordinate commanders who put up with it, too.

He also—taking a leaf from German methods prior to 1945—has a staff structure that is not a committee, but instead heavily weights matters toward operations. This is fine for him, because he doesn’t need a staff for strategy; he does that on his own. The big exceptions to this on the staff are intelligence, which is actually an arm in itself, being Legate Fernandez’s entire intelligence and direct action apparatus, and diplomacy, which is certainly important to strategy, but isn’t generally entitled to a voice in military affairs.

The third leg to Carrera’s method of command is the Office of the Inspector General, which has four functions. It ensures compliance. It investigates systems. It ensures soldiers are not abused and are otherwise taken care of. It also serves as a directed telescope, looking deeply into matters Carrera either lacks the time and energy to, or thinks need a more subtle or objective approach than he is capable of.

The fourth leg is the Centro de Entrenamiento Nacional, the National Training Center, which ensures that units are being trained by their commanders, that those subordinate commanders have not lost sight of job one.

Fifth is Obras Zorilleras, or OZ, or, if I may be forgiven my little joke, the “Skunk Works,” which translates Carrera’s technological needs into programs and weapons.

The sixth leg is Professor Ruiz’s information ministry which, having control of legionary publications, also serves to focus legionary ethos and education on matters Carrera wants focus placed on, with the kind of focus he wants.

Given those six legs plus a certain willingness to accept imperfection, coupled to a strong preference for initiative and innovativeness in subordinates, Carrera achieves command rather than merely exercising control.




Phase I: The recruiting, organizing, purchasing, and training organization:

Carrera starts with nothing but a lot of hate, a decent—though not lavish—bankroll, and an idea of where he wants to end up. There are seven ways we can know that the army with which he fights the Zhong Empire and Tauran Union is approximately what he intended to build all along. A) He tells Kuralski and his initial staff to plan for that kind of army. B) The PERT diagram Fernandez sees in the basement of the Casa Linda, which shows that kind of army. C) The very easy way Carrera decides he can take on the Taurans, during the Invasion of Pashtia, which indicates he doesn’t need to worry about how to build that kind of army, because he’s already building it. D) The fact that he’s building infrastructure—roads, rails, barracks, training facilities, fortification, and industry—all along to support that kind of army. E) The fact that he destroys the civil government of Balboa so that he can build that kind of army. F) Then there is his plain admission that the organizational scheme originally chosen reeks, but has one main virtue; it is very suitable as a cadre for massive expansion. And, finally, G), there’s the fact that he builds that kind of army.

But he hasn’t much to work with, early on. There’s a residue of the small, brigade-sized force largely crushed by the Federated States invasion. They’re demoralized and not that well trained, in the main, to begin with. Worse, many, if not most, of their officers are cowardly and corrupt. Higher staff work even the better among them are not trained for. They have no arms to speak of.

These weaknesses he, for the most part, contracted out, using the Balboans for what they certainly could do, individual recruiting and initial entry training, while hiring foreigners for most of the rest. Over purchasing he maintains a pretty tight control, since money is, in fact, not lavish to his intentions. He hires full time a number of non-Balboan officers and senior non-coms, more for staff than for command.




Phase Ia:

The first deployed iteration of the legions, the original Legion Ruy Diaz de Bivar, consisted of ten cohorts (battalion equivalents), one Ala (Wing), and one Classis (Fleet), plus a rear detachment that included both the foreign training and the native recruiting, training, and medical organizations.

The cohorts were:


		Principe Eugenio, Mechanized Infantry

		Roberto Guiscard, Infantry

		Ricardo, Corozon de Leon, Infantry

		Barbarossa, Infantry

		Carlos Martillo, Infantry

		Vlad Tepes, Cazador (Ranger)

		Tizona, Combat Support

		Terremoto (Earthquake), Artillery and heavy mortars

		Babieca, Service Support (Maintenance, Medical, Supply, Transport, etc.)

		Santiago Matamoros, Headquarters (Staff, Signal, Intelligence, etc.)

		Jan Sobieski, Aviation

		Don John, Naval



Note carefully that Carrera completely broke several principles:

Span of control: There are simply too many subordinate organizations and commanders.

Simplicity: Placing that many different kinds of arms and services under a single, brigade-sized headquarters, will tend to confuse and fragment the staff, even as it makes support problematic. For example, Carrera has equipment, uniforms, weapons, ammunition, and parts coming from all over the world. Note, too, the incompatible speeds of his footmobile grunts, his mechanized cohort, and his airplane and helicopter-borne Cazadors.

Logistics (in practice if not by intent): I think not many readers saw or understood this, but Carrera’s group very carefully calculated the legion’s logistic needs, in terms of both cube and weight, then designed and built a transportation organization to deliver those needs, presuming no more than twenty percent efficiency (a historical norm), at a given distance, which distance was not supposed to be ordered to be exceeded, a condition written into their contract with the Federated States.

He did it; Carrera broke his own logistic system, in Sumer, by exceeding the maximum distance the transportation unit could support. Maybe he had sufficient reason for it and maybe he didn’t, but the fact remains that he broke it.1 It was also totally unnecessary, insofar as he probably could have afforded another company of trucks if he’d wanted them.

On the other hand, he adhered as carefully as circumstances allowed to the principles:

Social cohesion: Rather than taking a mechanical, essentially soulless, approach to personnel management and expansion, note that those century commanders in this first deployed iteration will later become the maniple commanders for the next expansion, the cohort commanders for the next and the tercio commanders for the final version, while their subordinates will move up with them, occasionally being filled as losses may dictate but retaining as much of the social relationship as humanly possible.

Note that there are about a company’s worth of officers and a company’s worth of senior non-coms in the first legion. This is by design.

Flexibility and maneuver: Barring the incompatible speeds, he does have a force that can maneuver and fight over any kind of terrain he can reasonably expect to encounter.

Combined arms: Well, you can’t say he doesn’t have at least a little of everything.

Discipline: This is, of course, fierce. He shoots people for things other armies try to hide, or punish lightly, and has the assets—MPs, JAGs and Judges—to do that.

Attrition: With losses, by the time of the conquest of Ninewa, his previously fat centuries are down to about the strength of very handy platoons, and still quite combat capable.

Mass: All of his artillery is under a single command, which command has the ability to plan for, and direct, the fires of mortars of other cohorts.

Support: There is enough support—engineers, air defense, MPs, reconnaissance—to this initial legion, though a good deal of it has been pushed down and frittered away in little penny packets, half on the theory of social cohesion and half because of the needs of future expansion.

Specialization: This is probably a case of having done as well as one could expect. Every legionary is trained, via basic training, to be at least a minimally effective grunt. Every specialty is well trained enough for the job. It is perhaps fortunate that the force isn’t faced with terrain that required extensive specialized training.

State circumstances: Balboa is a reasonably prosperous, highly nepotistic and corrupt place, one which had the most fertile women on the planet and thus has a great deal of raw human material to use. There is little industry to begin with. Hence, initially he concentrates on exploiting native manpower while setting up a firm to manage overseas procurement.

Officers: As mentioned, they are kept few and, insofar as possible and can be known, of high quality.

Expansion (which, though not obvious to many of his follower—and most of my readers—at the time, was at or near the top of his priority list): The centuries of this iteration, large platoons or mini-companies, have integral to them most of the assets needed to form full maniples (companies) even after taking losses. The other assets needed are found at the next higher level, the cohort. The cohort also has most of what is required to expand to a tercio (battalion and, later, regiment) or legion (division) and what is not available is either found at the legion level in sufficient quantity to push some down to support expansion or can be produced by the recruiting and training base.

Frugality: See comments on not enough trucks, as well as a general observation that Volgan equipment, while “competent,” is less than brilliant. Note, too, the complete absence of offices that will tend to pull manpower away from preparation for war.

Compatibility: This is generally present, but shows up in glaring form in the organization of the helicopter assets of the aviation ala. It is designed, and this will hold true throughout the counterinsurgency phase of the legion’s existence, to lift the lightest infantry available, the cohort and later tercio of Cazadors, plus some of a regular, more heavily armed infantry cohort or tercio, in one lift, and the rest of the combat and minimally necessary combat and service support of the heavier tercio in the next lift, presuming an eighty-five percent operationally ready rate. It allows a fairly rapid insertion of serious combat power in a fairly short period of time.

Politics: One aspect unusual here is Carrera’s having dispensed with traditional rank structures and instituted—or, rather, reinstituted—parts of ancient rank structures, together with some linguistic and historical slight of hand, in order to prevent his employers and allies from playing politics with his force and leadership while allowing himself to play politics with them.

Principles he was somewhat lukewarm on, or couldn’t help, or was overtaken by events with include:

Purity: In the interests of future expansion and maintaining social cohesion while expanding, this was to some extent let go.

Rest: The legionary structure would actually allow rest with no problem, had Carrera intended to use it as just a large brigade. He doesn’t, he uses it as a division, taking on division level responsibilities, hence exhausts the troops. Rest does come, but it comes later, as men as sent back to form second, third, and fourth legions. Men are lost to this.

Leadership: To some extent he was stuck here, because he couldn’t, for reasons of morale and future expansion, use too many known officers and NCOs from first world armies, and couldn’t know the real quality of some of the locals.

Range: Again, largely in the interests of future expansion, he wastes a lot of his weapons’ ranges. A sixty-millimeter mortar, for example, in support of a largish platoon, is a waste of range. A battery of 122mm guns, range about twenty-two kilometers, is fine for the offense, since it is better if it needn’t displace so often, as the legion advances. In the defense, however, it is something of a waste. Conversely, though one may think of the Turbo-finch converted cropdusters, range about sixteen hundred kilometers, as being wasted range, it is not a waste, or not entirely, because the airfield on which they’re dependent on support is way the hell back there and they can, once again, lunge forward.

Environment: Though Carrera probably could have made his early legion more effective, with rather more emphasis on mountain warfare and city fighting, he neglected to do so, preferring to train them more for more general circumstances. On the other hand, his organizations were functional enough for the circumstances.

How, by the way, does Carrera get away with the weaknesses he’s allowed or cannot do much about? That goes to the environment, to include the human environment, of war. He knows his enemy and so he knows that, though they are frequently of admirable courage, it’s rare as hell for them to be able to create decent military organizations.




Phase II, the expansion into a rotational counter-insurgency corps:

The process by which Carrera expanded to a corps of four legions was initially, in fact, almost George Marshallesque, which is to say very nearly the bicellular fission I excoriated, above. Why? Because with the legion committed to combat in Sumer there was no other way to create a relief formation except by taking in replacements, then thinning the line and sending leaders and prospective leaders back for training and to organize the next legion. Needs must, and all.

But what’s more interesting here is that, eventually, after reaching full strength, Carrera manages to have a four-division corps with only about three divisions worth of troops, and a very austere division slice of around fourteen to fifteen thousand men. (Divide an army’s strength by the number of divisions and that is the division slice; in our case, and if we include civilians, it’s about sixty-five thousand men). How does he do this?

In discussing the below, keep in mind that each period lasts a year.

Start with the deployed legion, about eleven thousand men. It doesn’t need any outside support, except, per contract, that the Federated States must deliver its logistic needs to a point at no more than a certain distance away. This will be, by the way, a non-trivial savings, not least because the legion needn’t secure its own supply lines past that distance, needn’t provide trucks or drivers, needn’t provide maintenance personnel for those trucks, etc. By the time a deployment is halfway over with, the legion is probably at or slightly under one hundred percent in strength. Normally, by the time their tour is over, they will be somewhere between ninety and ninety-five percent strength. It will almost certainly get no replacements while deployed, barring only injured and wounded treated and returned to duty.

Behind that deployed legion is another legion. It is elevated in strength to one hundred and five percent to cover losses in training (including injured but perhaps returnable and disciplinary issues), and losses in combat. It is also training hard—most of the areas of the Isla Real, plus certain mainland areas, belong to it during this period—for deployment. It will get no replacements for the year it is training to go to war.

The next echelon starts their year at this level at about forty percent strength and gradually builds up to one hundred and five percent strength. They average seventy-two percent. Their job, for a year, is to receive and assimilate, and create cohesive maniples, from the output of the recruiting and training base. They get no school slots. They get few or, more likely no, personnel transfers in or out. (There is the potential, for exigent circumstances, for someone previously detached to the school and recruiting systems to be swapped back in exchange or in replacement for someone in the legion who needs not to deploy or who has died or been critically injured. Car wrecks happen and lightning does strike, to say nothing of the possibility of a short round while doing a maneuvering live fire exercise.)

The last legion is the one that has just come back from the war. Let’s say they come back at ninety percent strength, give or take, and thus have a deficiency of about ten percent in their leadership corps. This legion invites to re-enlist sufficient numbers of quality personnel to send to school to, accounting for attrition and the possibility of failure, make up their leadership losses. Others are either invited to re-enlist and, if they wish, re-enlisted, or they are conditionally discharged into the individual reserve. Very senior officers of the legion are sent to an eleven month long course in higher levels of warfare. The curriculum is updated regularly.

The rest split, with half going back to school for five to six months and half being turned into support details (Opposing Force and scut work) for the school system for five to six months. Then they switch. For those who need no qualifying schooling, there are some nineteen short—three to four week—courses ranging from Assault Demolitions to Camouflage and Deception to Xenoculture.

The aviation ala of this legion is stripped away and given to the aviation school for retraining for this year. The combat support and service support maniples and cohorts get a number of training events run for them by their respective base schools.

To recap, the cycle of events is: 1) Return from the war, 2) discharge of most men and re-enlistment followed by schooling for the rest, 3) individual and small unit training, assimilation, plus branch specific collective training, 4) major unit training for deployment, 5) off to war, rinse and repeat.

The percentages are such that those four “legions” only have the average personnel for about three and a fifth legions, or about thirty-five to thirty-six thousand men. Moreover, they generally don’t need the massive numbers of personnel managers, since the regiment takes care of professional development, nor personal transportation drones and such, most of whose duties revolve around moving people hither and yon, thus disrupting social cohesion. Instead, they leave a place and come back to the same place, while getting to school, which is not more than ten kilometers away is entirely on them (“Look into the new and improved Legionary Automobile Purchase Program, today!”) or their tercios and the public transportation system on the island.

The other fourteen to twenty-four thousand (depending on what stage we’re in), the largest single chunk of whom are running the school system, take care of the rest. Hence, yes, a division slice on average, of fourteen to fifteen thousand or so, with fifty to sixty thousand men capable of keeping one very full division-equivalent deployed at all times. By way of comparison, contemplate how many troops we could have deployed to Iraq if the entire U.S. Army and Marine Corps could have been built around the same kind of system? Eight? Ten? Might have gone some way to not losing the war and winning the peace, no?

This, by the way, is very much in accord with the principle of Frugality.




Phase III, the Interim Conventional Corps:

By the time the war in Sumer is winding down, Carrera has his full corps set up and running well. Therefore, he is, of course, fired. Sadly, he is vindictive, so when the Federated States needs him back he gouges them for the lost revenue, with interest and penalties.

For this mission he thinks he needs a pocket panzer division, three legions of infantry, a corps artillery, and corps tercios for engineers, air defense, and all the other arms and services. He doesn’t actually have them. Where he has the assets, already assigned to legions, he lacks the headquarters.

But Carrera does have the school system. And that is how he does it, basically shutting down most institutional training for a period of time to field a corps. He does not completely strip the legions of their assets, but divides them temporarily, forming an armored legion, for example, from three quarters of the legionary mechanized tercios, and using the armor and mechanized infantry schools to provide command for it, along with portions of the signal school military intelligence school, medical school, etc. Meanwhile, those schools, and others, also must provide cohorts for his corps headquarters.

There is precedence for this, by the way, notably in the way the German Luftwaffe continuously used and overused their training base as operational units. The difference was that the Luftwaffe kept doing it, screwing up the training base and training cycle more and more with each iteration, and losing skilled instructors, to boot, while for Carrera it is a one-time event, needful to gain treasure, and never to be repeated.




Phase IV: Return to Counter-insurgency:

There really is nothing much different that happens here; except that the corps grows by several, unspecified, thousand, the damage done by the temporary reorganization into a field corps is largely undone, while the foundation of the cadet academies is laid, then expanded, as well. The cadets are, of course, important and speak directly to principle, Expansion, as does the effort to acquire allies who can be used to fill in otherwise unfillable gaps in the nation in arms program. Additionally, naval, air, and special operations and partisan organizations are expanded or raised.




Phase V: The Nation in Arms and Defense of la Patria:

Remember, this was planned all along, though one assumes that the plans were modified as enemy and terrain—and especially logistic considerations—were studied and better understood.

Considerations of organizational principles Environment, Attrition, Expansion, Logistics, and State Circumstances dominate in this phase.

The Environment of Balboa is such that invasion is possible from the north, from the south, and from the east, but not in anything but a token way from the west. Accordingly, the force in organized around the defense of the port of Cristobal, in the south, which is Fourth Corps’ responsibility, the defeat of any attempt at taking the Isla Real (presumably as a prelude to landing near the capital), which is the job of Fifth Corps, a corps built around the previous Eighth Legion (training), via shifting of tercios, conversion of basic training tercios into lightly armed infantry, and the addition of a coastal artillery brigade.

To the east, the newly raised Sixth Corps, largely composed of discharged full citizens of the republic, reinforced by several mobilized tercios, and with a couple of tercios raised from Santa Josefinan citizens serving with the legions, is responsible for ensuring that Santa Josefina cannot be used as a base against Balboa and that any attempt to use the minor ports along the Mar Furioso coast fails to logistic problems. The Sixth Corps is less a formal headquarters, though there is a small HQ, than it is a commander’s intent issued to the armed citizenry and the uniformed reinforcements to make the enemy’s lives miserable.

Moreover, in terms of making lives miserable, a small set of small detachments and individuals, working for the most part for Fernandez’s intelligence organization, is dedicated to striking the Taurans at home, more to undermine morale and faith in the government, and the government’s ability to rule, than to physical damage. A single largish amphibious grouping is dedicated to striking a different enemy. There is also a tercio of Indian jungle runners, more adept out there than anyone else is likely to be, to screen and guard the west against the likely trivial efforts the Taurans and Zhong could logistically support from that direction.

Carrera maintains a main maneuver force, consisting of two infantry and one heavy corps, the latter containing two mechanized legions and an artillery legion, plus the usual support.

Finally, there are assets the control of which is retained at army level, naval, to fight the war at sea, air and air defense, to context the skies over the republic, signal, intelligence, and deception tercios, as well as additional engineer troops, and a hefty slice of service support. In all, it is about four hundred thousand uniformed and/or armed men and women.

However, Balboa doesn’t have four hundred thousand armed and trained men and women. It has perhaps three hundred thousand. The remainder come from four main sources. First are the rather young cadets and scouts (aged thirteen to seventeen, for the most part; yes, Carrera is absolutely ruthless and not a very nice person, either), the former enrolled in full time schools with a great deal of military training and the latter much similar to our Boy Scouts, absent the political correctness and plus a lot more firearms training. Perhaps thirty thousand of these are enrolled, serving under regular, adult leadership.

Second are the allies, some seven tercios’ worth of Latins, one of Sumeris, and various smaller additions from lesser Latin states. In addition, individual reinforcements/volunteers come from all over, while a group of the Castillian Legion defects en masse to Balboa after a Tauran attempt at arresting their commander.

Third are certain apparently civilian enterprises, among them a heavy construction corporation, an airline, and a helicopter company. That’s not exhaustive, either.

The last are the discharged veteran-citizens, tens of thousands of them, who kept their arms after discharge, had a short but thorough course in resistance warfare before discharge, and are tasked to make the countryside hostile almost to the point of impassible.

It’s also worth noting at this point that not only did the combat tercios increase in number, over the years; their size grew, too. Where, during the counter-insurgency campaigns, they had been at a strength of eleven to twelve hundred, usually in six maniples, by this time they have grown to about thirty-six hundred, with three maneuver cohorts, a light cannon cohort, a combat support cohort with reconnaissance, engineer, and air defense maniples, as well as a headquarters and support cohort.

The last peculiarity of the legions’ organization at this time is what is called “the tercio system.” It doesn’t just mean a regimental system, though it is that, too. Tercio, you see, is an odd word. It originally meant “third.” When organized in old Spain it began with that meaning. Gradually however, it acquired the meaning of “regiment.” But it never lost the meaning of “third.”

In the case of Balboa and the legions, the tercio system also means three echelons, each of which is about one third the size of the next level down. Thus, that thirty-six hundred strong tercio, mentioned above, consists of about twenty-seven hundred militia, men who train for a bit under one month a year, about six hundred and seventy-five reservists, generally having a better quality of man than the militia, carefully selected, and training a maximum of seventy-seven days a year, and two hundred and twenty-five regulars. Legion and corps organization mirrors this approach.

What that means is that every corps is a brigade or regiment, ready to fight on short notice, every legion is a cohort (battalion, same), and every tercio is a maniple (company, same). It also means that those echelons can increase in size and power to a legion, a tercio, and a cohort, on very short notice, and that full mobilization into a frightfully large force only takes a bit longer.

There are, of course, downsides to this, notably that a) the leadership of a unit is very vulnerable, b) the troops are, on average, less well trained, and c) they are overly dependent on leadership which is, again, vulnerable. On the plus side, this is a) affordable, b) produces a great deal of combat power, c) serves as a coup d’etat preventative, d) preserves carefully nurtured social cohesion and command realtionships.

How do they deal with principle Attrition in this scheme? I ought to say a word or two about the training establishment and the training tercios turned into combat tercios. The short version is that, with a few exceptions, a combat tercio has its own basic training company, commanded by one of its own officers, with an exec from its own officer corps, with platoons led by its own centurions. (It also provides basic training to newly enlisted men from other, less blood and guts-oriented branches.) Note the close correlation here with principle, Leadership; those couple of officers and dozen or so centurions are responsible to their own tercio leadership that the men produced be properly trained. Compare this to the U.S. system, where the connection between basic training, AIT, and OSUT and the units in the field is basically non-existent, and drill sergeants are not held as personally responsible for the job they do by someone in a position to actually see the end result of the job they do.

In any case, the training maniples, during full mobilization to fight the Taurans and the Zhong, are a pool of manpower for each tercio out on the line somewhere.




Postscript:

As I intend eventually to do with Training for War, I may turn this into a book. Anything contained herein, including but not limited to terms, structure, definitions, and historical examples, can be questioned, argued with, refuted, etc. In other words, I invite your comments, either on Baen’s Bar (look in the KratsKeller), on my Facebook page, or privately go to tomkratman.com and click the link.




Footnotes:

1) Of course, the sandstorm didn't help any.

* * *




This is the final entry in this series. Part 1, Part 2, and Part 3, are available. Tom Kratman’s latest entry in the Carerra series is November’s A Pillar of Fire by Night. Tom Kratman was a Regular Army infantryman much of his adult life. After the Gulf War, and with the bottom dropping completely out of the anti-communist market, Tom decided to become a lawyer. Every now and again, when the frustrations of legal life and having to deal with other lawyers got to be too much, Tom would rejoin the Army (or a somewhat similar group, say) for fun and frolic in other climes. He no longer practices law, but instead writes full time. His novels for Baen include A State of Disobedience, Caliphate, and the series consisting of A Desert Called Peace, Carnifex, The Lotus Eaters, The Amazon Legion, Come and Take Them, The Rods and the Axe, and A Pillar of Fire by Night, as well as three collaborations with John Ringo, Watch on the Rhine, Yellow Eyes, and The Tuloriad. Also for Baen, he has written the first three volumes of the modern-day military fiction Countdown series.




Warships of Sea and Space:
Form Follows Function Follows Technology, Part II

Jim Beall

NOTE: This is part two of a series by Jim Beall on warships past, present, and future. Part one can be found here.




A previous article (Note 1) traced how the form of ship designs depended not just on the function of the craft, but also on the technology available to the designers. How might a crewed space warship look using only current (or near-term) technology? Perhaps more important, how do we get from the first image below to the second?
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Any answer to those question has to address how the design deals with three of the main challenges of space:

1) Vacuum,

2) Radiation, and

3) Freefall (zero-g).

Certain aspects of these challenges remain unsolved. That is why Science Fiction (SF) authors wanting large ships or great capabilities in their stories routinely postulate new inventions and even completely fictional technologies.

It may appear counterintuitive, but interplanetary travel might not be possible if space were not a vacuum. Otherwise, frictional resistance and consequent hull heating would prevent the great velocities needed to reach distant destinations in any practical amount of time. (Note 3) The presence of vacuum, however, poses different and even more formidable problems. The most obvious one is that crewed ships must have constant atmospheric life support which, in turn, requires onboard systems of substantial cost and complexity.

The absence of gas pressure can also adversely affect materials. (Note 4) One important mechanism, called "outgassing," is the release of volatiles by evaporation, sublimation, chemical reactions, and desorption (the reverse of absorption). It occurs most frequently when materials are exposed to reduced pressures or higher temperatures. Two familiar cases are the visible tails of comets as they warm up during their passage through the inner Solar System and, more prosaically, that "new car smell."

Outgassing changes the properties of materials. Once surface layers of oxidation or volatiles have been removed, bare surfaces can "cold weld" together (Note 5), including (formerly) moving parts. The emitted volatiles can redeposit on surfaces causing things like lens blurring, short circuits, human health effects, and even arc flash.
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Arc Flash—You Do Not Want This on Your Ship!

Image Courtesy of PCX Holding LLC https://pcxcorp.com/




Plastics and lubricants are prime candidates for use in spacecraft but, unfortunately, both are particularly susceptible to outgassing. Large scale testing programs aimed at reducing the problem have identified some materials less vulnerable to outgassing (such as dry lubricants including graphite), treatments (e.g., coatings) and methods to pre-condition others (like baking components). Various products of those scientific and engineering efforts to address outgassing include enhanced testing techniques, such as Standard ASTM E1559 (Note 6). Successful space programs only become possible after a great many systematic programs that produce such standards. Developing those standards requires major investments in skilled personnel, hardware and facilities (Note 7). As has been said by many over the years, "Space is hard."

Outgassing of materials in vacuum may be a tough problem, but the properties of vacuum itself are behind an even greater challenge: heat.

Spacecraft heat up due to external energy deposition (e.g., solar or energy weapon), internal power generation (or use), and engine operation. Of the three main methods to shed heat, only radiation (emission of thermal energy as electromagnetic waves) is available. Unfortunately, radiating thermal energy is by far the least efficient of the three major mechanisms in removing heat. (Note 8) Space may be cold, but shedding heat to it is slow. (Note 9)

To illustrate the challenge, consider the International Space Station (ISS), which has no significant internal power sources. Instead, it relies on solar panels, which intercept some of the sun's rays, while the Earth itself sometimes shades it more. Nonetheless, the combined inputs of sunlight, internal electrical use, and the humans aboard require significant heat shedding. As stated by NASA:

The Station's outstretched radiators are made of honeycomb aluminum panels. There are 14 panels, each measuring 6 by 10 feet (1.8 by 3 meters), for a total of 1680 square feet (156 square meters) of ammonia-tubing-filled heat exchange area. Compare that majestic radiator with the 3-square-foot grid of coils found in typical home air conditioners and you can begin to appreciate the scope and challenge of doing "routine" things in space. (Note 10)

Operating lights, life support, sensors, and various scientific instruments at distances too far from the sun for solar panels to provide adequate power would require generating power internally. One such craft was proposed for the Jupiter Icy Moons Orbiter (JIMO) mission, intended to survey the moons of Jupiter.
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Jupiter Icy Moons Orbiter

Source—NASA—Public Domain




The JIMO spacecraft would have been powered not by solar panels, but by a 200 kW(e) nuclear reactor. Note that this is one fifth of one megawatt; commercial power reactors typically run over one thousand megawatts. As can be seen in the image above, the reactor is hardly more than a tiny dot at the tip, while the rest of the vehicle is mostly radiators. Per NASA, the radiator surface area was to be nearly three times that on the ISS. (Note 11)

The radiator arrays themselves were comprised of state-of-the-art (2005) heat pipes which were a product of a targeted development and testing program. (Note 12) Heat pipes are passive heat transfer devices; this means that no additional power needs to be generated (and resulting heat to be shed) to operate them. Basically, they are closed tubes with one end at higher temperature and the other at a lower one. Internal fluid boils at the hot end, the vapor travels in the center section to the cold end where it condenses, and the fluid then wicks back to the hot end by capillary action along the pipe walls.
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Heat Pipe (Cooling Device in Space Is Radiator Array)

Image Courtesy of Radian Thermal Products (Note 13)




A large cylindrical spaceship with its hull completely covered in such radiators could dissipate about three hundred fifty megawatts. (Note 14) There are other radiator concepts, such as the liquid droplet radiator (LDR), which hold the promise (mathematically) of significantly higher heat shedding capacity. However, LDRs would require powered pumps and specific, precise geometries, and have not yet been tested in space. Empirical data are needed to establish certain key parameters, including sublimation rates, mass loss rates, and thermal transfer. Among the questions that need to be answered: which fluids lose the least mass in operation, which geometries are most efficient, and how much heat do droplets simply transfer to other droplets in the streams? (Note 15)

The next challenge of space is radiation, with the two main constituents being solar and galactic cosmic radiation (GCR). (Note 16) The sun's contribution is mainly photonic or electromagnetic in nature (Note 17) and can be adequately shielded against. Even during solar flares, astronauts are relatively safe unless they are outside the ship when they are exposed.

GCR pervades all of space and is comprised of a spectrum of energetic charged atom fragments—ranging in mass from electrons and protons all the way up to uranium nuclei—that originated as part of distant supernovae. Earth's mass and electromagnetic field shield those on the surface from most GCR but, away from the planet, GCR is essentially impossible to completely shield against with current technology. In fact, when the heavier GCR particles impact hull, bulkheads, and other physical objects, they create a shower of charged particles that emerge on the other side of the barrier.

The GCR radiation level experienced by astronauts on the ISS is many times that at sea level on Earth. Away from Earth's shielding mass and magnetic field, the dose increases even more. The actual doses humans will experience during deep space missions remain somewhat unsettled, but the current consensus appears to be that a mission to Mars (including the expected planetary stay time) would likely exceed current (very conservative) NASA limits. (Note 18)

Radiation also affects both electronics and materials. The former requires shielding much like humans do. Many materials experience an increase in outgassing when exposed to radiation. This unfortunate synergy has effects that are significant enough to require testing programs all their own.

The final space challenge to be discussed is the lack of gravity, or zero-g. Humans evolved in Earth's gravitational field and experience several adverse physical reactions to its absence. These include inner ear issues, bone mass loss, edema, vision degradation, blood chemistry changes, and digestion difficulties. Many scientific studies have examined these effects, and mitigating measures have been developed to partially offset some of them, including on-board exercises with weights and tension straps. Perhaps the most significant study involved the one year stay aboard the ISS by one of two identical twins while the other remained on Earth as a scientific control. (Note 19)

Any further treatment of zero-g is beyond the scope of this article except for the following aspect. Absent artificial gravity handwavium or some not-yet-existing drug protocol, any ship intended for extended human occupancy where the crew is expected to operate at high efficiency with quick reflexes may need to include design features to provide at least some gravitylike environment. The method most commonly postulated is a rotational element that substitutes centripetal acceleration for that of gravity. (Note 20) It should be noted, however, that this solution has potential problems and has never been tested. (Note 21)

So, keeping all these challenges and difficulties in mind, what would the first armed, crewed spacecraft look like?

That is a trick question. The answer is the image below:
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Salyut 3 (OPS-2) (Note 22)




Salyut 3 was launched on June 24, 1974, and was equipped with a 23 mm cannon. The cannon was fired at least once during the 213 days the craft was in orbit. (Note 23)

Potential, near-term ship-to-ship space weapons would appear to come in three categories:

1) Energy - basically lasers,

2) Bullets - any non-guided projectiles, and

3) Missiles - with guidance systems.

As discussed above, generating and shedding the waste heat associated with powerful beam-style weapons are essentially not feasible with current ship-suitable technology. A notable possible exception would use only pre-stored energy (e.g., battery or accelerated flywheel). That is, the ship would not generate the weapon’s power during the engagement, limiting heat to the firing itself. Reloading would probably not be possible in any tactically useful interval. Quite possibly, the weapons would be one-shots, due to internal component heat failures after firing. Repeating weapons would require a very large ship with lots of power generation.

Bullets would rarely be useful at any sort of range. If used, they would probably be multi-part projectiles that spread during flight. They might be hexagonal rods, solid polyhedrons, or other forms initially tightly packed into one solid. They might be accelerated by electrical power or some sort of energetic event (like cannon firing). Unless they were launched recoilless rifle style (rearward ejection of equal momentum material such as energetic propellant gas), any projectile firing would affect the speed and trajectory of the attacking vessel. Using electrical power would create the same problems as firing energy weapons, such that stored power might be the better choice.

Missiles are the probable weapon of choice for the near future. They need not add heat to the crewed craft, and could be deployed in a great variety of methods and designs.

For example, missiles could be ejected a considerable time before an engagement, and not energize their engines until quite far removed from the launch vehicle. Alternatively, large numbers of missiles could be controlled by a small crewed craft with a similar signature, operating independent of the parent warship. (Note 24)

Missiles might have powerful warheads, shaped warheads to power one-shot laser-type weapons, small warheads used to spread penetrators, or no warheads at all (simply using their high kinetic energy). They could have multiple independently targeting submunitions. In that design, each central missile would generate the approach vector, but actually be more a bus with numerous smaller missiles being shed or dispersed at one or more moments. This approach is conceptually similar to that of the CBU 97 munition. (Note 25)

Turning to defense, perhaps the most important elements involve intelligence. Detecting adversaries while remaining undetected can be a decisive advantage. Beyond simple detection, the more one can learn about an adversary, the greater the advantage. What is their vector? What type of craft? How armed and equipped? Also, is it a true ship, or is it a decoy?

Millions of words have been written on the subject of stealth in space (or inability to achieve it). Summarizing them fully is beyond the scope of this piece, but consider the following two points:

• Voyager 1 is far beyond Pluto but its tiny signal can be detected, but

•  Chelyabinsk meteor was not detected until it entered the atmosphere.

In the first case, detectors knew where to look and the craft emitted energy in the form of a signal. In the second, detectors had no specific focus and the object had no energy signature. The significance of emitting detectable energy cannot be overstated.

Any crewed spaceship requires life support, and the waste heat generated needs to be shed. An internal pre-chilled heat sink could delay emissions, but not prevent them. (Note 26) A shroud could be interposed between the radiator and the detectors, but stealth by directional emissions would only be possible if the locations of all the enemy detectors were known. A robotic craft could have a lower energy footprint, but not a zero one unless all onboard hardware were depowered. As was discussed earlier, electric power use creates heat.

The point here is that any spacecraft uses energy during operation and will eventually be detected even if there is no engine operation. Space is big, but (in energy emission terms) it is quiet. The Chelyabinsk meteor remained undetected partly because it came "out of the sun" such that the solar energy emissions helped blind detectors. Space warships may always be detected, but they still gain significant advantages in intelligence when they detect the enemy first. (Note 27)

Another factor is that not all intelligence is equal, and comes in "levels." One simplistic version:

• Detection - basic location but object remains unknown

• Identification - parameters and major characteristics resolved

•  Acquisition - information sufficient for targeting

Even if both combatants detect each other, having better intelligence or advancing the intelligence level sooner remains a potentially decisive advantage.

Complicating the matter further is that sensors can be active or passive. Ones that are active emit energy and may produce better intelligence. Their emitter platform, however, can be detected at much greater ranges than it can detect targets. Active sensors also use more energy, but both types use some, increasing the heat signature of the host platform.

One approach to deal with the perils of employing sensors is to deploy them on remote drone craft, or even on stations like asteroids. This is analogous to hunting for submarines by dropping sonobuoys in the water, either to listen passively or to emit active sonar pulses. Separating the sensor signal from the parent ship helps keep the vessel undetected, but each sensor platform would have limited duration.

The next aspect of space warship defense is dealing with enemy weapons.

Unpowered, bullet-type projectiles would be the toughest to detect but the easiest to evade. Small, random course changes would be simplest, but energy blooms from evasive thruster taps would refine target solutions for beam weapons and smarter incoming ordnance. Small vector changes are possible without heat generation, but generally involve ejecting mass (e.g., liquid hydrogen expelled as gas jets), which limits the extent and frequency of this tactic.

Beam weapons might be hardest to evade, but ship rotation would significantly spread (hence dilute) energy deposition. Reflective and ablative materials would reduce risk, as well. Absent immensely powerful weapons, the ranges of likely ship-to-ship engagements would appear to limit the effects as the beam spreads and weakens in intensity with the square of the distance. Meanwhile, the operation of any ship-borne energy weapons create huge targeting signatures on their own craft.

Missiles appear to present the toughest challenge even though their heat signatures while under acceleration would be easy to detect. Individually, they can be defeated (once detected) by counter-missiles, or even bullets. Missiles need not come singly, however. Additionally, as discussed above, missiles might well not need to impact or even get very close to a ship to inflict damage. The variety of possible attack methods further complicates the defense.

A central "bus" type missile would continue towards the target after releasing submunition missiles, with its high heat signature potentially masking the cold ones that it had transported. Those with one-shot laser-style warheads might detonate beyond normal intercept range, or possibly be programmed to detonate immediately prior to being intercepted by hot counter-missiles. Some might detonate early with EMP events to attack the target sensors, with others then lighting off active emitter and others poised to use that detection information. Still others might employ only passive heat sensors and would not activate their engines until very close to the target.

The targeted ship retains the significant advantages of shorter counter-missile flight duration (the missiles could be smaller, simpler, and carried in larger numbers), defense choices (bullets, lasers, counter-missiles), and time (detected enemy launch might enable evasion). Nonetheless, the most effective defense would be to induce the enemy to fire at the wrong target. Decoys good enough for that purpose are probably not possible, however, once an object applies thrust in the battlespace. Detection algorithms would calculate mass by comparing the vector change and the thrust energy, thus separating out ship from lighter decoy. One tactic might be to eject the crewed portion of a larger craft early in the engagement, supplement its onboard AIs remotely, with the intent to rejoin or proceed independently.

Perhaps the major conclusion to be drawn from all of the above is that space battles are complicated, and they might well be decided long before the weapons impact.

Above was presented the first deployed armed space vessel, a product of the former Soviet Union. What would the first feasible space warship design by one of the armed forces of the United States look like?

This is another trick question. The answer is the image below:
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U.S. Air Force Orbital Battleship

Image Courtesy of William-Black (Note 28)




The Orion design would use nuclear shaped-charge bombs to push it. Most of the Project Orion (which ran from 1958 to 1965) efforts were associated with the Engineering sections, but there was also a small "Space Warfare Analysis" team comprised of three USAF junior officers (Note 29). Their efforts caught the attention of the most senior officers and resulted in the USAF proposing that Orion-style craft be fully funded—included preliminary designs such as the one in the image above—during the development of the 1962 Air Force Space Program. (Note 30)

Unfortunately for space exploration, the Orion projects were all cancelled (for one thing, the atmospheric detonations would conflict with the 1963 Partial Nuclear Test Ban Treaty). That approach to ship design remains, however, the most feasible way to lift great mass from the Earth's surface into space, and then achieve high speed with large payloads anywhere within the Solar System. (Note 31) Orion remains a favorite of various space-interested on-line communities. There are many websites that feature Orion-type designs. (Note 32) The author's favorite is a video depicting how a battle between squadrons of Orion-class ships might play out in deep space! (Note 33)

Orion ships would have enough mass (over twenty times that of the entire ISS), lift, and endurance to be mission-flexible fighting craft, adaptable to many roles. Other types of space warships would probably need to be more specialized and "reverse engineered" from a designated mission. To have both endurance and tactical flexibility, they would need more fuel than they can likely carry into orbit.

Orions also launched in their mission configuration. Absent such immense mass and associated propulsion energy releases, optimum mission geometries in the vacuum of space would not be compatible with escape velocity through the atmosphere. For example, the JIMO probe would have launched in the "Stowed Spaceship" configuration (the image in the corner of the JIMO figure presented above). Then, resembling an insect emerging from its chrysalis, it would have unfolded origamilike into the mission configuration. A crewed space warship with enough ruggedness to survive acceleration and other battle stresses seems an unlikely candidate for that approach.

If Orions are ruled out, the above factors suggest (to this author) that any near-term deep-space warship would likely be built or assembled in space, or at a base on the smallest gravity well available: the Moon. If computer advances—including security—permitted, the craft would not be crewed. If humans were deemed required, the crew would be as few as practicable, consistent with the mission. The craft would have as many semi-autonomous, detachable sub-units as possible, each capable of executing various portions of the mission. These would include sensor platforms, missiles, anti-missile defenses, communication units, and any others that might require energy emission to operate. The vessel would depart with a pre-chilled heat sink and endeavor to keep it cold until arriving at the battlespace. At that time, the warship would minimize heat generation and shed it to the heat sink. The intent would be to detect the enemy first and gain actionable intelligence sooner.

In summary, the answer to the questions posed in this article's lead paragraph is to build Orions. If a deadly threat were detected inbound to our Solar System, whether it be elephant-looking aliens (Note 34) or a dinosaur-killer object, Orion-style ships would be the only craft of sufficient power and range to get significant mass out into space to deal with the threat well beyond Earth orbit. Some of the designs even resemble the ones in that second image at the start of this article!







Notes




1) See: https://www.baen.com/warships




2) Apollo 8 was the first crewed craft to leave Earth's orbit and travel to another destination: the Moon. The vehicle that actually arrived at the Moon for the landing Mission (Apollo 11) consisted of the command module, the service module, and the lunar lander module (the process or rotating and reconnecting the lunar landing module is shown in progress in the drawing).




3) Air resistance requires higher thrust to attain any speed and constant thrust to maintain it, raising fuel requirements enormously. Any gas pressure would also impose a maximum speed due to hull heating. For example, spacecraft atmospheric reentry burn up concerns are significant.

See: https://www.youtube.com/watch?v=gdO151wNPkI




4) Some metal surfaces can benefit from vacuum (greater fatigue cycle life) due to evaporation of surface oxygen that could otherwise move into cracks and promote crack growth. These potentially beneficial aspects are, unfortunately, both few and minor compared to the many negative ones.




5) Non-U.S. scientific bodies (e.g., European laboratories) also use the terms "adhesion" or "stiction."




6) See: https://www.astm.org/Standards/E1559.htm




7) One example of the vast investments required was what was built to test full scale rocket engines operating at full thrust in a vacuum. See the two links below:

http://www.nimr.org/systems/rockets/72-001.htm

https://history.nasa.gov/monograph45.pdf




8) The other two major methods to transfer heat—convection and conduction—require direct contact with other matter. Astronauts do not have enough surface area to radiate away their body heat, so their suits use a fourth method during spacewalks: sublimation. Their suits evaporate one pound of water every hour they space-walk and release it to space. The constant loss of mass makes this method impractical on any larger scale. Additionally, it costs about $10,000 to lift each pound up to Earth orbit.




9) Which is why vacuum thermoses are so effective in keeping hot contents hot, and cold contents cold. For those wishing more mathematical treatments, the terms "black body radiation," Planck's Law," and "Stefan–Boltzmann's Law" are excellent research entry points.




10) From, "Staying Cool on the ISS," at NASA.gov.




11) Per NASA, JIMO was to have a 200 kW(e) reactor and 422 square meters of radiators (compared with 156 square meters of the ISS). This is roughly 2000 square meters of radiators per megawatt.




12) The heat pipe concept was proposed by several individuals over the years but the modern version was theorized (and patent filed in 1963) by George Grover at Los Alamos Laboratories, who noted that it would be useful in space applications. NASA developed the technology for satellites, where its success in zero-g led to expanded use. Heat pipes are ubiquitous today, especially in computers and smart phones.




13) A great variety of heat pipes and other thermal solution products can be found at:

https://www.radianheatsinks.com/




14) A cylinder 1000 meters long and 200 meters in diameter has a surface area of about 700,000 square meters. Dividing total surface area by 2000 meters per megawatt yields 350 megawatts-electric. Note that this assumes waste heat can be moved hundreds of meters to the radiators without generating additional heat; that the reactor (or other power source) operates at about the JIMO design efficiency (twenty per cent); and that heat pipes can be built to function over lengths far beyond the current limit of a few meters. It's these sorts of numbers that drive SF writers wanting stories populated by ships with gigawatt power plants and terawatt lasers (let alone petawatt!) to handwavium.




15) It should be noted that any droplets that “escaped” would become potential micro-meteors, with all those attendant risks.




16) A third source of radiation emanates from Earth's Van Allen Belt, but this would not apply to craft while operating either in low orbit or sufficiently away from the planet.




17) During relatively rare solar coronal mass ejection events, protons can be swept up by the solar flare and accelerated out into space, thus adding significantly to dose.




18) Radiation levels vary by solar activity, and solar fluence changes cause the opposite change in GCR levels! That is, a Solar Minimum will decrease radiation levels from the sun, but that very drop in the solar wind will allow greater GCR levels. This means space missions have to consult the weather forecast—space weather! Shielding geometries and thicknesses are still being explored and tested, including multiple thin layers (sandwich style) of different materials. Space is not only hard, it's also complicated!




19) For more information, see the two links below:

https://www.nasa.gov/hrp

https://www.nasa.gov/twins-study




20) Perhaps the most famous examples of substituting rotation for gravity are the station and ship in the classic movie, 2001: A Space Odyssey. Another approach might be constant, low thrust such as an ion engine might provide. This might be sufficient, but also remains untested and also would seem impractical for a warship trying to avoid detection.




21) For a good discussion of this and other related issues, see the following article by neuroscientist Rob Hampson (writing under the pen name "Tedd Roberts"):

https://www.baen.com/translunarlab




22) The Salyut 3 image appears to be a colorized drawing similar to the one that can be found on the Wikipedia site, in Public Domain. The same image was once credited to a former USSR facility that replied to the author's inquiries that they have no knowledge of the image.




23) One of the cosmonauts discussed his experiences while he had been aboard in the video below. The gun firing portion begins at about 4:12.

https://www.youtube.com/watch?time_continue=2&v=SLsNDdS4ie0




An article devoted entirely to the gun itself:

https://www.popularmechanics.com/military/weapons/a18187/here-is-the-soviet-unions-secret-space-cannon/




24) The single-crew "pinnace" controlling a missile swarm approach is used extensively in the excellent Praxis series, by Walter Jon Williams.




25) The video at the following link depicts the CBU 97 and also shows the munition being field tested:

https://www.dailymotion.com/video/x2ioe20




26) A case can be made to include a double-walled hull in the design, and to fill it with heat sink material, possibly an ice-water slurry. It might also add to radiation shielding.




27) Asteroid 2017 OO1—maybe twice or three times the size of the Chelyabinsk meteor—was not detected until about three days after it passed within about seventy-thousand miles of Earth. No energy emissions again, but it was detected. It simply took longer, but any delay could be critical in a space battle.




28) William-Black is the on-line name used by a very talented graphics art professional with a long interest in the Orion project. His work, including many more Orion images, can be found in the galleries at:

https://www.deviantart.com/william-black




In particular, the author suggests these images:

https://www.deviantart.com/william-black/art/USAF-12-Meter-Orion-Bomber-Diagram-782615796




29) Lieutenant Ron Prater and Captains Don Mixon and Fred Gorschboth.




30) For more on this, see the following article by Dr. Brent Ziarnick and Peter Garrison:

http://www.thespacereview.com/article/2714/1




Dr. Ziarnick also gave a broader presentation on this subject at the science-focused Tennessee Valley Interstellar Workshop (TVIW)—attended by the author. All TVIW materials and presentations can be accessed through the main website here:

https://tviw.us/




Dr. Ziarnick's presentation can be viewed in its entirety here:

https://www.youtube.com/watch?v=gWYo7nfwEXw




31) The Air Force Office of Scientific Research symposiums on "Advanced Propulsion Concepts" explore various potential space systems. The Fourth Symposium (April 1965) considered the Orion-style approach in detail, including many technical areas and potential missions. See:

http://documents.theblackvault.com/documents/space/AD0385959.pdf




32) Two such links:

http://www.up-ship.com/eAPR/ev2n2.htm

https://www.youtube.com/watch?v=JtYisD7RqWk




33) See: https://www.youtube.com/watch?v=fXeUkrlxQ98




34) Footfall, by Larry Niven

* * *




This is part two of a series by Jim Beall on warships past, present, and future. Part one can be found here. Jim Beall (BS-Math, MBA, PE) has been a nuclear engineer for over forty years, a war gamer for over fifty, and an avid reader of science fiction for even longer. His experience in nuclear engineering and power systems began as a naval officer. Experience after the USN includes design, construction, inspection, enforcement, and assessment with a nuclear utility, an architect engineering firm, and the U.S. Nuclear Regulatory Commission (USNRC).




Do You Believe in the Singularity?

Dr. Robert E. Hampson

The singularity. Many Science Fiction writers and futurists postulate a future when humans have assisted their own evolution with genetic engineering, cybernetics, and prosthetics such that they are no longer human. This definition for human singularity is often (mis)attributed to inventor Ray Kurzweil, a proponent of technological advancement that can—even will—result in fundamental transformation to something so different that those creatures would no longer be recognizable to us mere primates as being human.

An SF convention panel asked the question: "Do you believe in the singularity?" It shocked the panel that a neuroscientist and SF writer, a person who works on developing the means for humans to transcend physical disease and limitations, would answer "No." So perhaps it would be more appropriate to title this essay: "Why I don't believe in the Singularity." There are many answers—the first involves the very definition of singularity from both the biological and the classical physics points of view. From there, the reasons progress from an in-depth understanding of the human brain and body to end up with discussions of what it means to be human. These are discussions that take center stage in both my fiction and nonfiction writing, and I am at heart an optimist (and human-centrist), so I was delighted when Baen Books invited me to take the time to explain my fundamental faith in humans and why I think that humans will inherit the stars.




Definition

Mathematics:

The simplest explanation of singularity comes from mathematics, as illustrated by the image below:
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This graph shows the results of "dividing by x" where every possible value of x results in a valid outcome except for when x=0. As values of x approach 0, y approaches infinity. When x=0, y cannot be calculated or defined. By some definitions, the result is infinity, but in practicality, the result is unknown and undefined—a singularity.

Note that reading the graph from left-to-right or right-to-left, there is a discontinuity at x=0; i.e., it is not possible to graph a continuous function along the horizontal axis. Thus, using the mathematical analogy, a human singularity could be a discontinuity in the evolution of the human brain or body, beyond which it is not possible to extrapolate the new form from what has come before.

There's more to the notion of human singularity than this, but we'll move on to another definition, first.

Physics:

The physics definition of a singularity is quite similar to that of mathematics—namely, a point where physical observation breaks down, as illustrated by the classical space-time graph of a black hole:
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There are many aspects of cosmology and physics that represent the singularity of a black hole. For example, there is the event horizon which delineates the region in which the escape velocity for photons exceeds the speed of light; hence, an electromagnetic singularity is formed. A second type is that of gravity, where the singularity exists in the zone where gravity is so intense that no physical matter can survive. Finally, there is the space-time singularity where the curvature of space is such that the physical constants of "flat" space simply do not apply.

In all of these cases, the singularity consists of a point that cannot be observed, measured or described using the physics that exists outside the singularity. We have no idea what exists on the "other side" of a singularity.

Biology:

Physiological and genetic references to singularity generally involve humans "assisting the evolution of the human form via biological engineering, prosthetics, cybernetics, and human-machine integration such that the resulting creature is no longer recognizable as human.” However, the biological model of singularity is typically applied to intelligence and follows the prediction of British (later American) mathematician I.J. Good, who predicted what he termed an "intelligence explosion" (Speculations Concerning the First Ultraintelligent Machine, 1965). The "explosion" results when a highly intelligent "agent" (i.e., computer) designs even more sophisticated agents with the potential to far surpass the sum of all human intelligence. Like the mathematical and physical singularity, the singularity consists of that inflection point beyond which mere human intelligence cannot even conceive of the resulting artificial intelligence.




Popular Usage

Even though the concept of a biological, nay human, singularity is attributed to Ray Kurzweil in his 2005 book The Singularity is Near, the idea is much older. John von Neumann was the first to use the term "technological singularity" to rapid and ever-accelerating technological development. SF author Vernor Vinge, heavily influenced by von Neumann and Good wrote in a 1983 Omni op-ed of "an intellectual transition as impenetrable as the knotted space-time at the center of a black hole." While he did not explicitly call it a technological singularity, he later did so in the introduction to his short story "The Whirligig of Time" [Threats and Other Promises, Baen, 1988]: "When we raise our own intelligence and that of our creations, we are no longer in a world of human-sized characters. At that point, we have fallen into a technological ‘black hole,’ a technological singularity."

To understand this manifestation of the term singularity, imagine standing on the right side of the y=1÷x graph above:
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As you look at the upward curve of the plot and continue to look upward, it becomes an infinite wall that cannot be scaled, crossed or penetrated. Whatever is on the other side cannot be seen or even imagined. To futurists like Kurzweil, Vinge or Good, the human singularity is a point at which change is so rapid, faster than the ability to comprehend that there even is change, that it might as well be a wall separating the merely "human" Homo sapiens sapiens from our replacement H. sap. superior. 

While some might argue that any evolutionary improvement of the human body could contribute to some form of singularity, both Good and Vinge say that the critical ingredient is the development of super- or ultra-human intelligence. It should also be noted that Vinge's interest in the singularity is quite firmly anchored in SF, given that his primary concern was the impossibility for a writer to generate convincing post-singularity human characters since it was not possible to understand any of the characteristics that his audiences could comprehend.

In that case, we might as well treat post-singularity humans as aliens.




Transhumanism

The concept of the transhuman or superhuman is also not a new one. It's also a complicated history and usage with many negative connotations such as eugenics, so I'll not delve into the full derivation of the term(s) here. Instead, let's look at general cases and how they are used in SF. Essentially a transhuman is one that has been "improved" by pharmacological, cybernetic and genetic means to have capabilities far in excess of the average human. One of the most influential books for my own career was Cyborg by Martin Caidin. This novel, from which the TV show The Six Million Dollar Man was derived, popularized the idea of prosthetic limbs that not only restored human abilities but added superhuman speed, strength, and agility. David Weber's popular heroine Honor Harrington is a superhuman, with longevity treatment that keeps her young, improved durability, and an genetically manipulated metabolism that allows her to eat what she wants and maintain fitness without exercise! John C. Wright's Count to a Trillion shows us a human who was already quite smart, then modified his brain chemistry to give himself an intellect that is so far advanced that mere humans seem little more than animals.

How much of this is real, and how much merely fiction? Is there a possibility of creating or evolving humans into a superhuman state? An interesting dichotomy between Caidin’s Cyborg and the Six Million Dollar Man was that Caidin proposed the "bionic" legs and arms, but not the bionic eye (or ear from The Bionic Woman). In this, Caidin was mostly correct in that as of 2019 there are effective prosthetic limbs for legs, arms, and hands, but not so much for vision and hearing (at least in the manner shown on TV). Within the last five years, we’ve seen incredible advances in brain-controlled upper limb prosthetics (see my Baen Free Nonfiction article “Fixing Broken Memory.” The eye and ear prosthetics are still in very early days. On the other hand, we also have drugs that facilitate focus and cognitive ability, such as Provigil and aniracetam.

The problem is that none of these items, prosthetic or pharmacological, provides the superhuman ability proposed by the transhuman and singularity enthusiasts. Lower limb prosthetics are still primarily passive, consisting mainly of springs and clockwork with no tactile sensation, no balance feedback, and limited ability to adapt to changing terrain. Upper limb prosthetics are limited by weight, and the tactile sensation is still under development. Despite the promises of the movie and TV show Limitless, the cognitive enhancing drug aniracetam has so many side effects and contraindications, that its use is severely limited, and can even result in death or brain damage.

The issues listed above don't address genetic engineering. A recent news article cited the work by a Chinese researcher to gene-edit embryos intended for in-vitro fertilization treatments here. The announcement was immediately greeted with uproar, followed by condemnation of the researcher, sanctions against his original U.S. university, and even colleagues under suspicion of providing U.S. Government-funded intellectual property to the experiment. Society as a whole might be willing to tolerate minor edits to fix a congenital disability, but the study under fire edited a disease resistance trait that had no immediate benefit to the children born from the procedure. Transhumanism has a long, hard path to climb.




Being Human

To me, there are several issues with singularity and transhuman concepts. The first is that somehow as we progress with bionics, pharmacology and gene editing, that we will somehow lose what it means to be human. As I usually inform people in talks about my research, it is our memories that provide an essential feeling of “self.” As long as we have memories of being human, we are human. Hence, as long as there is still a human core to the individual who has been patched up, rebuilt, cured and enhanced, the singularity has not yet occurred since we can always trace the path from unaugmented to augmented human.

Likewise, as we move our human civilization off of Earth to other planets and even star systems, we face the questions of whether to transform our environment to suit humans (at significant monetary and material cost and difficulty) or to change ourselves (at high societal cost) to fit the situations we encounter. If I may be permitted a book plug, these are precisely the questions asked in the anthology Stellaris: People of the Stars, a September 2019 Baen book. In that volume, co-editor Les Johnson and I collected stories from authors who explore themes of what it means to be human. The stories range from Sarah A. Hoyt's "Burn the Boats" in which colonists may be giving up their humanity to survive, to Brent M. Roeder's "Pageant of Humanity" which presents a unique view on deciding just who is, and who is not, human.

To make the jump to gene-tailored humans will require scientists, ethics boards, and the rest of society to work hand-in-hand to decide what and how much gene editing will be allowed. As with the recent news case, some commentary suggests that fixing defects is fine, but aside from that, gene editing humans should be forbidden. That will likely change in the future, but we don't know when. On the other hand, when it does, we will definitely face the prospect of a new human subspecies (or even species), but it will not take the form of the singularity as proposed by Kurzweil, Good, and Vinge, but as a speciation event such as has occurred countless times throughout the history of life on Earth.




Artificial Intelligence

What of the underlying fear of the futurists that humanity will be supplanted by a superintelligence, either machine or biological? Tech billionaire and entrepreneur Elon Musk is on record as stating that many of his technological endeavors arise from the concern that artificial intelligence could supplant humans. Kurzweil proposed that as computers become more complicated (100 million processing elements = one human brain in his writings), artificial intelligence could arise, and take a hand in its own development and enhancement. AI developing the next generation AI, as described by Vinge, would create a superintelligence that meets the definitions of singularity, with a rate of change that approaches infinite and beyond the understanding of mere human intelligence.

There are several problems with the concepts of AI as superintelligence . . . at least as compared to the current understanding of the human brain. Kurzweil's estimate was too low by at least six orders of magnitude. His assessment of the number of neurons was too small by three orders of magnitude; the human brain contains approximately 100 billion neurons. Since computer scientists like to compare processors to neurons, it’s not unreasonable to predict computers having 100 billion processing elements given current technological trends.

Unfortunately, single neurons are not the basic processing unit of the brain. Depending on an individual neuroscientist's bias toward their field of study, researchers consider either the synapse (between neurons) or the neurotransmitter/receptor pairings in a synapse, as the primary processing unit of the brain. There are typically thousands of synapses per neurons and can be hundreds to thousands of neurotransmitter packets released into a synapse to bind with the receptor proteins. This yields from 100 trillion to 100 quadrillion processing elements if a computer is intended to mimic the capability of a human brain. And if it is matter of numbers.

But what about AI now? We have seen marvelous claims of AI capabilities from Google’s search engines to Siri’s speech recognition. Surely we have at least a rudimentary synthetically generated intelligence serving us now? (Although to be honest, I somewhat prefer Vonda McIntyre’s term “Artificial Stupid.”)

Not really.

At the DARPA60 conference last September (2018), there was much talk about the current state of AI. What we currently have is certainly artificial—in the form of computer programs which process information—but it is far from intelligence. In an article in Psychology Today (Nov 28, 2018), Dr. Neel Burton provides a dictionary definition: "the ability to think, reason, and understand instead of doing things automatically or by instinct." (Collins English Dictionary) and his definition of basic intelligence “. . . the functioning of a number of related faculties and abilities that enable us to respond to environmental pressures.”

The unfortunate limitation of Dr. Burton’s definition is that by “responding to environmental pressures,” even plants and animals show traits of intelligence. Moreover, the well-documented difficulties of elderly dementia patients in adapting to altered circumstances would have us conclude that such individuals are not intelligent.

Burton's article progresses from an inadequate definition of intelligence and into a degenerating criticism of IQ tests and the futility of equating intelligence with reason and analysis. However, what I feel we can take away from the article is the second dictionary definition he cites: “. . . the ability to understand and think about things, and to gain and use knowledge." (Macmillan Dictionary). From these concepts we can perhaps create our criteria for intelligence:

(1) detect and react to the environment (i.e. ". . . respond to environmental pressures . . ."),

(2) adapt to (or learn from) changes (i.e. ". . . gain and use knowledge . . ."),

(3) to reason, think about or understand the knowledge gained (i.e. “. . . the ability to understand and think about things”).

I chose three criteria to correspond to what the speakers at DARPA60 referred to as the three phases of AI development. Phase I was getting computers to interact with humans and look up information. Essential computer programming, look-up tables, expert systems, and input-output have all been part of AI Phase I. Phase I is all around us, from Google searches to the dreaded “press one for sales, two for customer service” phone trees used by businesses.

We are currently in the maturation part of Phase II, with speech recognition, face (and image) recognition, and "learning systems" that optimize their interpretation and retrieval systems. Voice assistants such as Siri, Alexa, and Cortana require minimal voice training and can interpret commands and retrieve information. Facial recognition can secure your computer, tablet or phone, and image processing software performs multiple functions ranging from reconnaissance to detecting copyright infringement. These interfaces give the illusion of AI, but at heart, the underlying programs are still expert systems equipped with a comprehensive list of criteria in lookup tables utilized to complete an automated function. Note how closely this compares to the exclusionary criterion in the Collins English Dictionary ". . . instead of doing things automatically or by instinct . . ." Current generation AI systems return the same result when presented with the same input. Oh, the programmers may get smart and include functions that point to a limited number of "random" responses, but if you could see the underlying program code and data, you would see the same result every time.

We are poised at the cusp of Phase III AI, generating programs that at least give the appearance of thinking or reasoning abilities. The next push in AI
development is to combine the data retrieval of Phase I with the interfaces of Phase II and the ability to truly learn and interpret. The limitation so far has been that such programs still show evidence of automation: witness the "Deep Dream" photo pattern analysis AI from Google which seems obsessed with finding eyes and puppy-dog noses in every picture, or the Google and Facebook algorithm that keeps showing you ads for items you've already bought.

We're just not there yet, and even when we do get a real synthetic intelligence, it will still be a long way from humanlike. For one, there's the problem of duplicating the human brain with its quadrillions of processing elements, and then there's the issue of reproducing the human growth and learning experience which shapes our experience and reasoning.

I think AI is possible, but I hesitate to say what form it will take. I love the approaches taken in several recent books: In Ellay (formerly City of Angels) by Todd McCaffrey, nascent AI starts in an infantlike state and learns rapidly. Like a child, the titular AI imprints on a person. Fortunately, it's a genuinely good person, and the AI develops an altruistic streak and forms a partnership with several humans. In Today I am Carey, Martin Shoemaker posits AI as caretaker, who mourns the brief lifespans of his human companions. I think AI will be what we, as humans, make it; personally, I hope they are friends, rather than slaves or overlords!




Do You Believe?

Thus, it all comes down to what you or I believe about the singularity. My position is that as long as there is a direct trace of humanity, there is no singularity. From a biological point of view, it is possible to change the human body so that it no longer resembles what we know as human. However, as long as the genetics retain the same basic codes and the result can interbreed with humans, they are human. Otherwise, they are a different species, which is not a singularity at all.

Likewise, enhancing human forms with prosthetics and cybernetics still retains essential biology up to the point where scientists learn to download human intelligence into computers. Computers could potentially be inhabited by naturally derived or synthetically derived intelligence; however, as long as that intelligence has a memory of a human body, we would still consider it human. In contrast, synthetic or artificial intelligence is a new species. Once we make that jump, the general concept of singularity does not apply. The referenced intelligence was never human in the first place, and may never be understood by humans, making the definition of "rate of change beyond understanding" a moot point.

What about enhancing human intelligence? Certainly, all this talk about neural prosthetics will result in enhancements? If you talk to researchers in the field, you hear a familiar refrain: "We're not doing that, we're working on restoring lost function." It's true, as one of "those researchers" I can reiterate that our goal is fixing what's broken. We're concentrating on that first, and dreams of enhancement are just that . . . the ideas of people other than us.

Frankly, most neuroscientists don’t think we can enhance human cognitive abilities too much past the current state. We can allow a person to stay alert and pay closer attention (with amphetamines and Provigil), remember better (with memantine and aniracetam), and work a little bit faster (again, aniracetam and other nootropic drugs). Still, all of those functions add up to abilities shown by some of the more extreme talents in human history. Can we make everyone a Hawking, Nash, Mozart, Picasso, etc.? We might enhance the ability, but the human mind remains shaped by experience and environmental factors. Furthermore, the old trope "we only use 10 percent of our brain [power]" is false. Human brains are 100 percent active all the time. The activity is not always directed to the functions we term "thought" or "intelligence," and when it is, it still only makes up a small portion of the total neural activity at any given time.

So no, I don’t believe in the singularity—at least not the human/biological one. Not in the sense of humans changing so rapidly that we can no longer detect, let alone keep track of the changes. I also believe that the continuity of what we know as “human” will be retained for as long as possible, again defeating the popular concept of the singularity in producing such a change that the subject no longer considers themselves human.

When it comes to downloaded human intelligence and Artificial Intelligence, the jury is still out. I know that the ability to store and mimic the human brain is still many iterations away. What is popularly called AI is well within the realm of computer programming and does not truly think for itself. However, without explicitly duplicating the environment and experience of a growing human, the resulting creation is not going to be human intelligence. Perhaps if we grow it, we’ll approach something humanlike. Otherwise, it is a separate species, and not a singularity at all.

I do believe that rapid changes are on the horizon. Some of the concepts of singularity may well come true, and I’ve just “rules lawyered” them away by quibbling over definitions. Still, my argument boils down to this: I believe in humanity, and think that we will remain human as long as we (and others) believe that we are human.

* * *
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