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ENTERPRISE 2067

(What a real interplanetary cruiser would be like)

by 

David G. Stephenson

     Above the gray plains of the Sea of Tranquility, the baleful face of the Earth looms over an abandoned lunar module decent stage. By a ladder that has led nowhere for over twenty years, a small plaque proudly proclaims to the hard emptiness of space:

HERE MEN FROM THE PLANET EARTH

FIRST SET FOOT UPON THE MOON

JULY, 1969

WE CAME IN PEACE FOR ALL MANKIND


Since those far off, heady days I have often asked myself why space was going to be so different? Men never went anywhere in peace before, and then only for number one. Those who will, one day, reach into space will surely be like the adventurers who followed Columbus. The conquistadors and armed merchants came not to visit the New World. They stormed it, planted it, pillaged it, and made it their own.  Like their forefathers, the heroes who will conquer space will be led by greed, driven by fear, and the Devil will take the hindmost.

     Every second welcomes two additional passengers aboard our crowded space ship Earth with a generous gift of $10,000 spent on their behalf by the world's military apparatus. Unless Mother Nature intervenes with one of her more interesting surprises, by the middle of the next century the bottom two thirds of this planet will have been picked clean by a seething mass of 8 bil​lion hopeless human specimens, rich only in youth and guns. The industrialized nations may try to huddle for protection behind their ancient boundaries. But, already their vital interests are caught in the crossfire of a thousand local conflicts born of the fanaticism of absolute despair. Profitable shares in a garden suburb factory making Uzi clones mean very little when the only supermarket in town is deep in the jungle habitat of the inner city slums! No doubt the children of North Amereurasia will soon be forced to soar into the heavens just to escape the maddened crowds beneath.


Money merely reflects what people value and need, and with the competition for Earth's limited resources heating up, eventu​ally even a service sector, cost‑benefit analysis will show that the infinite resources of space are worth the taking. As we know so well in these days of GATT (WTO) and NAFTA, where there is trade, there you will always find disputes. Out on the final frontier it will be prudent to ensure, and very comforting to know, that our enterprises have MIGHT on their side. Our honorable intentions must not be thwarted by the malevolent designs of our competi​tors. Already visionary entrepreneurs are searching for the techniques needed to extract oxygen, building materials and other non‑volatiles from the Moon. A secure industrial lunar base will be the foundation of the profitable business of exporting solar power satellites, power beams, premium fusion fuel and other useful commodities to a needy planet. Unfortunately the Moon has only small traces of the three vital elements of life and indus​trial chemistry: hydrogen, carbon and nitrogen. So fleets of interplanetary supertankers will need to cruise the dangerous interplanetary gulfs to Demos and Phobos, the asteroids and the short period comets. Vital trade routes will need protection, and I think it is about time we woke up from the fuzzy dreams of the sixties, put away Hollywood's expensive toys, and got down to the serious business of designing functional warships of space. 


I will have to call on terrestrial precedents to guide me, and if the technology is not already on the shelf at least it will have to be in the laboratory or the CAD system: so, no warp drives, bulk antimatter fuels or interstellar travel. But if you happen to come across a 'removed working‑as is' warp drive in Joe's Star Fleet Surplus Emporium feel free to bolt it on. The universal principles of space war that will define the design of a fighting space ship apply equally well in interstellar space as amongst the asteroids.


Terrestrial warships come in three basic classes and sizes: Auxiliaries, cruisers, and meat grinders. Auxiliaries are small ships with limited ranges and specialized functions, like mines​weepers, patrol boats and escorts. They carry out many vital, but mundane tasks and usually avoid combat. Holding down the other end of the scale are the meat grinders: the capital ships. These are all very large, very heavily armored and pack a terrific wallop. The world's oceans that were once dominated by Dread​noughts are now controlled by super‑carriers and the sinister forms of the nuclear submarine. The size and technology of the capital ship is intended to give it an unmatched combination of near invulnerability and near invincibility. Even so, all capital ships have one outstanding Achilles' heel. Every one is very, very, very expensive. If you should ever happen to command a capital ship, always remember that there is only one valid excuse for getting your bright works smudged. "My ship was inflicting more damage on a enemy of equal or greater cost!" Engagements between capital ships rapidly degenerate into boring heavyweight Sumo slug fests. 


The connoisseur's choice rests on the cruiser and all her many relatives large and small. Lightly built but heavily armed ships like the modern frigate, the destroyer and the cruiser herself, can give a good account of themselves in any battle, but if hit are lucky to stay afloat. They must rely on speed, maneu​verability and the professionalism and daring of their crews to survive and be effective. These are the maids of all work in any navy. Cruisers can be found alone or in packs making surveillance and anti‑submarine patrols, scouting hostile territory, trans​porting VIP's, or showing the flag to distant nations. When assigned to a fleet they escort the mighty capital ships that cruise the seas encouraging allies, deterring potential enemies and terrifying taxpayers. When necessary, as at the battle of Leyte Gulf, cruisers and destroyers may be thrown into battle against overwhelming odds, for when it comes to the crunch, such ships and their crews are expendable, and everyone knows it.


A space cruiser might have a mass of a few thousand tons and be several times the size of a Saturn V rocket, but as technical proposals are as invariably wrong in detail, as they are in time and costing, I will be concentrating on design principles rather than specific dimensions. Depending on your personal state of paranoia, you are welcome imagine the ship I will endeavor to sketch as a Space Guard cutter of the United Nations' Taxation and Revenue Department, a proud vessel of the Space Fleet of the European Confederation, or perhaps running incognito as a member of the Shimizu‑Krupp (G.M. Division) interplanetary goon squad.


At this point permit me to answer that old chestnut: "What is Star Trek's Enterprise?". The first Enterprise has a crew of around 400. She is fast and maneuverable, and her mission is to scout alone in hostile and unknown territory. Although well armed, she gets badly dented in combat. Captain Kirk is an ambi​tious, independently minded, late 30 something. Star Fleet Com​mand's perpetual pain in the butt, he finally matures and becomes an embarrassment as an admiral. Like the captains of small ships throughout history he can never resist the temptation to abandon his right and proper duties on the bridge and have fun where the excitement is. Clearly the USS Enterprise NCC ‑ 1701 is a 'cruis​er'.


 The Next Generation's Galaxy Class Enterprise is a bit of puzzle. Her crew of over 1000 is worthy of a capital ship, yet she has the mission and technical characteristics of a much smaller cruiser. She is frequently referred to as 'The flagship' yet rarely carries an admiral and hardly ever operates as part of a fleet. Her most frequent missions involve scientific research or diplomacy, and her main duty seems to be providing a Federa​tion presence among the colonies on the fringes of the United Planets' sphere of influence. Picard is a senior captain, while Riker (MBA?), the first officer, would rather protect his posi​tion on the fast track to the vice president's chair of a Star Base than command a lesser vessel. The 'D' Enterprise seems to be a throwback to the age of the battlecruiser. HMS Hood was the ultimate battlecruiser. The pride of the British Royal Navy between the world wars, this elegant, heavily armed vessel was fast, and lightly armored. Her duties included transporting VIP's, and showing the Imperial standard of 'Peace, Order and Good Government', to colonies and lesser nations around the world. When finally matched against the Bismark, a first rate professional heavyweight meat grinder, the Hood came to a sudden and tragic end, when she blew up after the first round. Alas! the battlecruiser has gone down in modern naval history as arguably the most ill conceived, ill used and unsuccessful naval type. But I digress, and will beat hasty withdrawal from the twenty fourth century.


Today Space challenges us with her bounty, but the greatest gift she has to offer is space itself. Room enough, at last, for humanity's strategic planners to consummate their love affair with those delicious nukes that they have been fondling in frus​tration for over forty years. With that sort of fire power around, space war will mean stealth, stealth and yet more stealth. Stealth with which to hide in vast blackness of inter​planetary space, where the ambush is infinitely more deadly than the duel. Stealth to unnerve enemy and unreliable ally alike. Above all else, stealth to cloak the attack run until it is too late for the counter, and the same stealth to guard a victorious withdrawal. 


Stealth technology may still seem mysterious, but, like lot of 'secret' military technology, although its details may be complex and are certainly classified, the basic principles are just common sense. If you do not want your enemies to find you, do not give them anything to find you with! So make the cross section that your vessel must show to an enemy as small as possi​ble. Never reflect any artificial radar or other beams back to the enemy; and the same must apply to sunlight and other natural emissions. Incoming radiation should be scattered and diffused over as large an angle as possible. If you have to radiate some​thing, like heat or a jet plume, hide it from the enemy's sen​sors. 


A low profile, stealthed spaceship is going to be somewhat two dimensional, and it will only be fully protected in those two dimensions. An attack will most likely come from the vulnerable unstealthed sides. But if the stealthed vessel is moving swiftly in its plane of stealth, an attacker will have to fly a precisely parallel course or loose contact. Combining stealth and workable aerodynamics is by all accounts a tricky art and the cubist F‑117A strike aircraft was designed without today's computers. The manta ray shape of the later B‑2 strategic bomber comes much closer to an ideal 'curvi‑linear' stealth design, and a fighting spaceship would not have to compromise stealth with aerodynamics. 


 Like a stealthed space ship, the Solar System is almost two dimensional. Indeed it is practically one dimensional with all the planets and asteroids orbiting close to the plane of the Sun's equator, known as the ecliptic, and in the same direction. Leaving the ecliptic involves a large velocity change, so all the trade, and hence most of military bases and large sensor arrays, will be within a few degrees of the ecliptic. Only the spy satel​lites of interplanetary space will be found looping high over the poles of the Sun. Homo Sapiens is a delicate creature. Push him too hard and he falls to bits. Radio signals take 35 minutes to reach the Earth from Jupiter, and if a space ship could acceler​ate and decelerate at one G all the way the same journey would take over 4 days. The subtle interplay of technology and orbital dynamics will have to become second nature to a space commander, just as wind, sail, steam and tide were to our ancestors.


The ideal stealth shape is a thin convex lens shape that, if it could be seen, would be instantly recognized as a spaceship by U.F.O. aficionados. Radiation travels in straight lines and this shape will scatter light that is incident near the plane of the ship's equator in all directions. By moving quickly in her two stealthed dimensions a lens‑shaped space cruiser would reduce its chances of being seen in the third. Modern stealth aircraft are built from advanced composites of great structural strength and low mass that can absorb or scatter virtually every frequency of electromagnetic radiation from radio waves to the ultra‑violet. The first stealth aircraft, the second world war Mosquito Bomber, and German flying wing, were made from an advanced, low radar cross section, lignin cellulose composite that is still used for the nose cones of Trident missiles. If you find that Snoopy's dog house has been classified, you will know that the Pentagon has returned to using plywood for the next generation of 'cheap stealth' strike aircraft.


Like the B‑2 bomber a space warship will have every surface smoothed and contoured to reduce radar returns. The wheel‑like U.F.O. shape may be ideal, but it is a bit impractical. Nuclear reactors and powerful reaction motors would have to be mounted and thrust along the axis. As a consequence the rims will become badly stressed, and before any high energy maneuver the ship will have to be swung out of her stealthed configuration and into the beams of hostile radars. With low thrust rockets around the rim, a space frisbee might make a useful blockade runner and scout, but not a fighting ship. 


So back to the old drawing board, but this time I will try to design the ideal space cruiser, and mold it to the needs of stealth, rather than the other way round. The obvious place to start is the main power plant, and equally obviously it will have to be a nuclear reactor. This reactor will have to be compact, reliable, and low in mass; and during long periods of interplane​tary cruise it will have to generate less than a megawatt of thermal power. During battle it may have to exceed the gigawatt output of an electrical power reactor for minutes at a time, and the switch between cruise and battle power settings should take seconds. Reactors with solid and liquid cores take far too long to heat up and cool down, so this will have to be a gas cored reactor. A thermonuclear fusion reactor could consume the deute​rium that can be found throughout the Solar System, but current fusion reactor designs range from the very large to the downright enormous; and trying to stealth an nuclear pulse (bomb‑driven) Orion drive would qualify for a place in the Galactic Futility Championships.


Fortunately, an excellent alternative was tested a couple of decades ago. The gas‑cored nuclear fission reactor is a quartz tube some inches in diameter surrounded by a movable beryllium cylinder that will act as a neutron reflector. Enriched uranium hexafloride gas is fed into the tube. Uranium always creates a small flux of neutrons, and when enough of them are reflected by the beryllium back into the tube, a chain reaction starts in the gas. Almost immediately the gas becomes a multi‑thousand degree plasma. Powerful magnetic fields applied by coils wound around the tube squeeze the electrically conducting plasma away from the walls of the tube. Otherwise the plasma would burn holes in the tube and escape. A fully developed gas‑phase reactor could oper​ate in two modes. At high power levels it would be a nuclear fluorescent lamp. The radiation from the plasma would be so intense that if a working fluid such as water or liquid ammonia were to be pumped around the tube the result would be a stream of superheated gas. This could then be discharged through a conven​tional rocket nozzle. A cruiser might have several such reactors and during battle their thrust could exceed that of the first stage of a communications satellite launcher. Gas‑core reactor rockets might eventually achieve specific impulses two or three times higher than the solid core Nerva nuclear rocket of the late sixties. Even so, during a battle the main thrusters could con​sume thousands of tons of reaction fluid, which would add up to maybe half or more of a space cruiser's fully fueled mass.


Long tedious patrols have been the lot of cruisers through​out history, and for months at a time the neutron reflector would be withdrawn and the reactors throttled back to just above criti​cal. Electrical power could then be extracted directly from the plasma through its controlling coils using magneto‑hydro‑dynam​ics. This electricity would not only supply the life support systems, the computers and the myriad sensors a cruiser would need but would also power her low thrust, high efficiency patrol thrusters.


The ion thruster is an oversized version of the electron gun found in the back of a cathode ray tube. Instead of using elec​tricity to accelerate very low mass electrons to paint a picture, an ion rocket accelerates atoms that have been stripped of an electron or two to create thrust. The atoms have to be accelerat​ed as individual particles rather than in concert as a fluid, so ion thrusters only work in space, and produce very modest thrusts. But, they produce that thrust at least ten times more efficiently than conventional rockets. It is much easier to make lots of small diameter ion thrusters than one big one, so a cruiser's patrol thrusters might consist of several dozen meter diameter tubular modules a few meters long. Each module would contain control systems, pumps, damage control devices and the ion motor itself. A good place for them would be wrapped around the main nuclear reactors and battle engines. The result would be a compact, easily replaced power structure, and in battle some of the ion drives could be safely sacrificed to protect the reac​tors. Ion drives will work with almost any fluid element that can be vaporized and ionized. On patrol the cruiser's chief engineer would be well advised to randomly select from a wide variety of reaction fluids to confuse hostile fluorescence sensors looking for tell tale ion plumes. Perhaps part of the time a cruiser would not use its thrusters at all, but would drift through space all but powered down. 


The reactor is going to be highly radioactive, and the Discovery in the films 2001 and 2010 had her reactor out on a long stalk far from the crew and vital command and control sys​tems. A warship built to that design would be clumsy and impossi​ble to stealth. So, immediately forward of the reactor and pro​pulsion systems must be a massive cylinder of shielding that will define the working diameter of the ship. In front of that will come the fuel tanks for the battle and patrol propulsion systems. At the center of the ship's mass will be the momentum condition​ers. Massive flywheels will control the orientation of the cruis​er without using external thrusters. Eventually the angular momentum that accumulates in the flywheels will have to be un​wound into the uncomfortably detectable exhausts of external bow and stern thrusters. While this is going on the cruiser would be like Das Boot charging its batteries on the surface. Next, going forward, will be a set of large superconducting coils to store electricity from the main reactor, both for an emergency power source and to release mega‑amp bolts of current to the ship's weapons. A neutron from the reactor would find it very difficult to reach the working areas of the ship through so much assorted mass.


At the very heart of the cruiser, shielded both fore and aft, will be battle bridge containing the ship's thin film dia​mond supercomputers and a self contained life support system. Here the crew will wait out solar storms, and sling their ham​mocks. The crews of lightly built cruisers will be exposed to a constant drizzle of high mass, high energy galactic cosmic rays, so it will make good sense to sleep in the most shielded zone of the ship. The forward third of the cruiser will contain space going equivalents of the main bridge, weapons systems, mess rooms, heads, stores and other life support systems that one might find on a seagoing warship. Artificial gravity will be a luxury not found on a small cruiser, and to reduce the effects of zero‑G the crew will be under orders to spend plenty of time with the Crusher, a hypo‑gravity centrifuge located in sick bay.


The basic cruiser design is starting to appear. A cylinder several hundred meters long and tens of meters in diameter that has a reactor complex, battle thrusters and ion rocket tubes sticking out the stern. Now to apply stealth! No straight lines, every thing must be 'curvi‑linear'. Starting at the stern, the inner hull will have to be surrounded by a smoothly curving outer hull that comes to a point before the bow. Radiation from the reactor travels in straight lines, and a long thin cigar‑like shape will optimize the shielded volume available to the design​er. Water might be a very useful fluid to store between the hulls. As a battle fuel reserve, water could be pumped around to keep the ship mass balanced. It is an excellent shield against solar cosmic rays, and, of course water can be used by the crew and returned directly to the outer tanks without any loss of usefulness. The thought of an inner hull breach at the end of a long voyage will be enough to give even the hardest space veteran nightmares!


We live in an imperfect universe in which all our actions are governed by the Laws of Thermodynamics:  1. You won't win; 2. You are not allowed to break even; and 3. You can not quit. The measure of our losses is heat. Every national capital is the QED for these fundamental laws of the universe. There you can see that everything we attempt on Earth ends up as so much hot air. In space waste heat from reactors, computers and the crew has to be radiated in space as infra‑red radiation. A cruiser will have to rid herself of her waste heat as inconspicuously as possible, i.e. away from the prying eyes of the ecliptic, and at the lowest possible temperature. American and European unmanned spacecraft rely on passive cooling. All systems are allowed a heat budget that is strictly adhered to. Heat is conducted by the spacecraft bus to the surface where it is radiated away from specially coated outer surfaces. Manned spacecraft and all Soviet space​craft use active cooling systems. Something like an automobile cooling system circulates a cooling fluid between the satellite and a large radiator shadowed from the Sun. If the Space Shuttle could not expose the heat radiators fitted to the inside of its cargo bay doors its occupants would boil within a few hours. The larger the radiator, the lower the temperature it can operate at, and the less likely it is to be detected by hostile sensors.


 If two large radiators are attached on either side of the cruiser's outer hull from the bow to just in front of the propul​sion module, the cruiser also gains an up and down axis parallel​ing the axis of the Sun. A cruiser captain's first task will be to present the smallest possible cross section in the plane of the ecliptic, and so radiate heat North and South out of the ecliptic. Within each radiator there will be a complex system of heat pipes and valves so that the engine officers can turn the cruiser into an infra‑red chameleon. Today's submarines run 'Ultra‑quiet'. In space no one can hear you scream, but standing orders will be 'Cool it'. Active radiators could also act as an emergency power source. If the reactor had to be shut down for any reason, then one side of the radiators could be turned to catch the Sun. Solar energy would vaporize the coolant so that it could drive emergency turbines before being recondensed by the radiators on the shadowed side. 


If a cruiser is going to look like a piece of space crud to distant prying sensors she will have to assume the surface tem​perature of the local rocks. This varies from over 300 deg. above absolute zero in the inner solar system to 20 deg. K or less out on the fringes of interstellar space. Stealthed radiators can not have sharp angles, and a couple of semicircular radiators will give the cruiser something approaching an ideal stealth shape. Assuming that the cruiser will be 200 meters long. Two semicircu​lar structures supporting radiators on both sides will provide a maximum radiating area of:




 2 x pi x 1002 = 63,000 squ. m. 


If the cruiser were to dissipate up to half a megawatt during patrol, this means each square meter of radiator must be able to dissipate: 7.9 watts

A black body in space will do that if it has an absolute surface temperature t calculated from:




    t4 = 7.9 / 5.6 x 10‑8 







(Stefan‑Boltzman const.)



i.e.

t = 109 deg. Kelvin. 


This should be adequate to disguise a cruiser in the aster​oid belt, but clearly extra radiator area will always be useful. If the semicircular radiators were to be molded and thickened, and then swept back to form something like an arrowhead, the unstealthable propulsion units would be partially hidden from the side and the front. Ion drives upset the electrical balance of a spacecraft and leave a tell tale trail of ions, and the aft facing return curves from the outer tips to the stern would be an excellent place for the electron guns needed to neutralize the ionized exhaust.  


 With the basic hull and propulsion systems taking shape it is now time to address the exciting subject of weapons. Today's Hi‑Tech R & D project management may be designed to ensure that innovation does not interfere with the smooth inevitability of a properly proposed program; but, when it comes to killing other human beings, Man's ingenuity is irrepressible, and so the fol​lowing can only be the most tentative of sketches.


As on Earth so in Heaven; the weapons of interplanetary warfare will come in three basic classes: Missiles, guns and beam weapons. Self propelled missiles are massive, and will be slow enough to be trapped in the dynamics of the Solar System. If they are not to be destroyed before reaching their target, like their mother ship they have to be stealthed. Long, thin and cigar shaped, they can be released without drawing power from the cruiser. Modern missiles follow pre‑programmed instructions, and in space missiles could lie dormant for long periods before battle. Nuclear tipped missiles might seem to be the ultimate weapons, but in space they have their limitations. When detonated a nuke instantly turns into a small ball of hot plasma at a few hundred million degrees. About 90 percent of the bomb's energy appears as an intense burst of soft X rays, and most of rest is carried away by fast neutrons. In space a nuke is a high energy radiation weapon, for without air there can be no blast wave and no way of generating radiant heat.


A Megaton bomb masses about a ton, and therefore a nuclear tipped missile will always be a large ponderous target, and comparatively easy to destroy at close range. 


 Since one Megaton is defined as 1015 calories


If such a bomb were to be detonated at a range of a kilome​ter from a head on target it would instantly shine:


  1015/ 4 x pi x (1 x 1000 x 100)2 = 8000 calories

of X ray and neutron energy against every square centimeter. This is enough to increase the temperature of a centimeter thick solid surface layer by between 8000 and 20000 deg C.. In other words the bomb is more than enough to vaporize it. 


But if the same bomb was detonated 10 kilometers away. The inverse square law would reduce the bomb's effects a hundred fold. On Earth 80 calories deposited on a square centimeter is more than enough to ignite any flammable material. But in airless space it would merely heat the outer hull by a couple of hundred degrees.


A battle station or meat grinder of space will be heavily armored against radiation attack. Turning a gram of ice into steam soaks up requires over 700 calories of latent heat. It is the ideal radiation shield. But pure ice rapidly evaporates in space. Haley’s comet is a chunk of interplanetary ice that has passed close to the Sun every century for thousands of years. It has survived because its ice is dirty. When its ice evaporates, primitive, organic molecules form a sticky insulating layer on the comet’s surface. 


A space battle station’s heads will be excellent sources of fiber reinforced, organically charged, fluid battle armor. Flush it, form it, freeze it, and fix it to the outer hull: It is guaranteed to repel all borders.    


Uranium and thorium are trace heavy elements, and out amongst the asteroids, fissile elements will be in demand as fuel for compact power reactors and rocket motors, so the supply of nuclear weapons will be limited. Battle tactics will evolve around closing on a target and reducing a target's defenses sufficiently to deliver that final nuclear knock out punch. The threat that an attacker could do so may well be enough to per​suade the other side to surrender.


Shrapnel warheads and brilliant pebbles will be effective long-range non nuclear alternatives. Today the name Shrapnel is applied to any sort of shell fragment, but Shrapnel's original design was a canister shell that released grape shot during flight against massed infantry. Fast burning missiles fired in the early stages of an engagement could create a cloud of small shot closing on a target at several kilometers per second, and that would be enough to shred all but the hardest targets. The best defense against such an attack would seem to be a similar cloud moving the opposite direction and an earnest prayer to the god of statistics. The brilliant pebbles currently being de​veloped under the Strategic Defense Initiative are miniature, self‑guided, space torpedoes that will destroy a target on im​pact. With its nose toward incoming projectiles a space cruiser will present a very small and difficult to track target that has its most vital systems well protected. Shots will hit its stealthed surface at a shallow angle, and will probably skid off an armored surface with minimal effect.


Chemically powered guns do not impart the muzzle velocities needed for space warfare. Instead a space cruiser's guns will be driven by massive bolts of electricity supplied from the power conditioner. The bullets must be small if the enemy is not to destroy them in flight. Atomic accelerators are guns that can fire protons or neutrons, but they would generate too much radia​tion inside a crewed vessel, and could only be deployed in drone ships. Down the spine of the space cruiser will be a battery of long range, rapid action electromagnetic coil or rail guns firing through the bow. As its name suggests a coil gun is simply a line of co‑axial electromagnetic coils that are switched on in se​quence so that a magnetic bullet will be accelerated along the axis. A rail gun is two parallel slabs of metal with a cube shaped projectile moving between them. If a current of perhaps 50 million Amps passes from slab to slab through the projectile, magnetic fields are generated that squeeze the projectile from the gun, rather like squeezing a piece of soap between your thumb and forefinger. Electromagnetic guns 10 meters long will be able to shoot a metallic projectile, or brightly glowing blobs of plasma, into space at over 10 kms. per second. Unlike radiation weapons whose energy dissipates with range, all the energy in a gun's projectile is delivered to a very small area of the target. A lightly built satellite hit by an air gun pellet moving at 10 kms a second shatters like a piece of glass, but layers of armor can greatly limit the damage caused by these hyper‑velocity impacts, so electromagnetic guns will be long range precision weapons.


Lasers will play many roles aboard a space cruiser. 

A powerful laser is a large mass of crystal or fluid that can be excited by some form of radiation or chemical reaction. A couple of very large neutron pumped lasers could be installed next to the main reactors and take the place of the stern tubes of a submarine, but most of a space cruiser's lasers will be driven from the power conditioner. Although laser radiation is highly coherent, it still has to be focused onto a target. The laws of optics mean that a visible laser attacking a soft target hundreds of kilometers away will need a targeting mirror many meters in diameter. Our most powerful lasers operate in the infra red, and need even larger optical surfaces. Their light may have to be multiplied into the visible or ultra‑violet with very large, defect‑free, optically active crystals. One day they may be mass produced in orbiting zero‑G arsenals. Even so long range laser weapons will probably be too large to install in a low profile space cruiser. Instead, batteries of more modest laser cannons will be installed in meter class folded optics telescopes that will peer at the stars through gun ports in the hull. During the long months on patrol, these telescopes will be the cruiser's sensors, constantly scanning the heavens for glints. Several times a second, each telescope will take a high resolution, wide spectrum image of the sky. The smallest difference from one image to the next may be the signature of a hostile catching the light of the distant Sun or carelessly firing its thrusters as it maneuvers against the background of the stars. A single laser radar pulse might confirm the probable as hostile and lead to battle, but at the risk of revealing the cruiser's presence.  


Many days may pass between the first sighting of a target and the mayhem of battle. The cruiser captain must establish an attack trajectory as far from the target as possible and then release a swarm of remotely controlled decoys, drones and mines to cover the attack, all the while presenting the enemy with the smallest possible profile. Water and liquid ammonia have very high specific heats, and if the reaction mass reserves are to be used as emergency coolants they must be cooled before battle is joined. Lasers and electromagnetic guns need to be cooled, and heat control will the most vital task of a ship's engineer during battle. Every square centimeter of radiator area will be fully used to draw heat from the weapons, and stripping a cruiser of her wings would render her helpless. An experienced commander would time an attack to be completed just before the ship's systems overheated, so that all a cruiser's weapons could be fully deployed.


Start an attack too soon and the enemy may escape, leave it too late and the cruiser may be detected and destroyed without firing a shot. But finally the waiting is over and the order is given to run the reactor up to battle power, and start the main thrusters. Forget about space dog fights! Spaceship dynamics are not conducive to an air force banked turn, and anyway the rear end of nuclear rocket at full power is surrounded by an intense neutron flux that could nuke the attacker. A space battle will be a super‑technology, hyper‑velocity torpedo run. Immediately, all hell breaks loose with a salvo of Shrapels' and pebbles to de​stroy any countering missiles and saturate the target's defenses. With the cruiser throbbing under the thrusts of the electromag​netic cannons the hapless target attempts to return fire at long range as, hopefully, its communications, power, life support and defensive systems weaken and collapse. Laser and radar beams from both sides probe the void of space for incoming missiles and to direct return fire. Even modest lasers can blind long range electronic sensors and unprotected human eyes. A space warrior would not dream of going into battle without a pair of rose tinted goggles. As the combatants close the exchanges escalate, with lasers firing concerted close ranged broadsides to destroy incoming missiles. In the final moments of the attack all the cruiser's weapons must concentrate their close range fire on the target. With its defenses temporarily overwhelmed it is time at last to loose the precious nukes for the kill, and then get the HELL OUT OF THERE. 


The deployment of an interplanetary fleet will seem a little weird to our eyes. No well dressed lines of space ships, or close formations. Flattened, stealth formed ships will distribute themselves at random angles throughout a considerable volume of space. An enemy penetrating the fleet to attack a visible ship, would suddenly be outflanked by one or more escorts in a stealthed configuration. The faster a cruiser moves the more difficult it will be to attack from its non stealthed sides. Fleet actions will resemble a medieval cavalry charge, and orbit​al dynamics will make them quite predictable. Each fleet will maneuver so that when their orbital tracks cross each will have the maximum number of ships fully stealthed with respect to the enemy. Closing velocities may be as high as several kilometers a second. An interplanetary battle will be over in minutes, and orbital dynamics will dictate that there will be no return en​gagement for months or even years. Victory will go to the side that ends up with the most functioning ships still on trajecto​ries that will allow them to threaten major trade routes. There will be no point in destroying most of the enemy's fleet, if your armada ends up on a profitless round trip to the edge of inter​stellar space.


The Solar System of the not too distant future will consist of a metropolitan planet desperately willing to pay for the resources of interplanetary space. Interplanetary trading company profits will depend upon on having bases at strategic locations in the outer solar system and safe access to the most efficient orbits home to the Earth. Out in the wilds of interplanetary space the object of the game will be the same as it was on Earth in the 17th and 18th centuries. Do not waste your time trying to destroy a rival, simply make his business insecure and unprofita​ble, and let the stockholders back on Earth do the rest. Threat​ening the Hoffman transfer orbit from Earth to Ceres will add escort costs and so squeeze already tight profit margins on interplanetary trade. Delicately placed investments in your own food and fuel stocks pay off handsomely when a rival base on Vesta is forced to go out of business for a while. And you can not go far wrong with a little discrete improvised piracy now and then. The possibilities will be as endless as the disputes.


  One last vital item that must not be overlooked is the crew. An order radioed from headquarters may take hours to reach a cruiser patrolling in the depths of interplanetary space, and no one in their right mind would rely entirely on heavily armed, fully autonomous, interplanetary attack drones. Clearly, cruiser crews will have to be human beings of the highest caliber, and fully able to take on the spot life or death decisions with no recourse to higher management. NASA recently announced that it was terminating all 'manned' spaceflights. From now on they will be crewed. A definite step in the right direction, for there will be no place for the less efficient sex in the Space Fleet. Cruis​ers will be womanned! Women are smaller, mass less, and need less food and exercise to stay healthy. They are more resilient under all kinds of physical stress, and women in their prime have much better control of the calcium in their bodies than men, and may not suffer so badly from zero‑G induced osteoporosis. Moreover, they seem to lack an instinctive honor code. Men may fight rough, but women fight vicious. Women avoid conflict, for once roused they fight with a directness that makes the mere male seem a playful pussy cat against a tigress defending her cubs. Ideal characteristics when space war will mean months of tedium punctu​ated by minutes of Hi‑Tech savagery. But, most important of all, when bottom line is important, and when isn’t it? Task for task women are so much cheaper! 


Well there she is! I hope you like her. Sleek, stealthed and crewed by attack females stripped for battle, the Enterprise of the next century is ready for blast off from Space Dock, before winging her way to episodes of adventure and danger in the alien reaches of twenty first century interplanetary space.

***THE END***

