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	The most common fusion powered transport is the pulse drive. There’s two basic parts to pulse drive: the reaction thruster and the inertia attenuator. The reaction thruster collects gas and uses it as nuclear propellant. The attenuator reduces the ship’s apparent mass to about 3% (e-3.5 to be exact) of its actual mass. 
	The front of the reaction thruster contains X-ray lasers and superconducting coils. The lasers ionize the incoming gas, giving it an electrical charge, allowing magnetic fields generated by the coils to guide the thin wisps of interplanetary gas into the thruster’s fusion reactor. These are known as Bussard collectors.
	The fusion reactor then fuses whatever gases that are recovered into highly ionized radioactive nickel-56. The energy created by this reaction is very great even for tiny amounts of gas. This energy is typically used for just the thrusters themselves but can be rerouted into other systems as needed.
	The energy harnessed by the reactor is then used to run ion drives in the back of the thruster. The positive ion drives are located in the center of the thruster and use the ionized nickel as propellant while the negative ion drives provide little thrust but do provide containment for the radioactive nickel. There are similar ion drives that are located on the front of the thruster used for stopping, though they tend to be less sophisticated and smaller, because even the most inefficient thruster can slow forward movement. 
The inertia attenuator is much more complex than the thrusters but also gets its power from a fusion reactor. This reactor must be completely radiation free to run efficiently, so it runs on pure helion (He-3), but this provides a good clean centralized source of power for the rest of the ship functions. The chamber must also be shielded from outside ionizing radiation for high efficiency. A well running attenuator can easily reach 95% of the theoretical maximum attenuation of e-3.5. 99%+ efficiency is common.
When the inertia attenuator is engaged, the apparent mass decreases, but the momentum hasn’t changed, and thanks to Albert Einstein’s theory of relativity, the 33 times decrease in mass increases speed by a factor of about 5¾ (e1.75). This causes an almost instantaneous increase in speed that’s completely unfelt by passengers and gives pulse drive its name. The direction of this increase in speed will be along the gravitational spacetime slope, so a ship falling into a planet will fall faster, and a ship leaving a planet, will leave faster. It’s important to note that gravity causes changes in real momentum, so a running attenuator will increase acceleration due to gravity by 33 times and will have no effect on terminal velocity. 


The efficiency of the thruster energy conversion is the primary limitation of the speed of the ship. Most ships have ability to run the thruster’s reactor gravitational confinement off of a separate helion reactor. The reduction in radiation allows higher power levels, a tighter confinement, and a hotter reaction, increasing efficiency and in turn ship speed but at the cost of fuel reserves. This is called “hard burn.”
Both the thruster and attenuator reactors require deuterium to startup and that is kept in separate small tanks. Helion itself is quite inert, but deuterium is very explosive in atmosphere, so leaks are quite dangerous. The attenuator reactor can be run on deuterium or protium but the neutron radiation reduces efficiency enough to decrease the ships speed to about half and isn’t particularly healthy. Despite the dangers and poor performance of deuterium and protium, it’s used often enough because its cost is a fraction of helion’s. Either way, the thruster’s reactor is switched to incoming gas as soon as full confinement is reached, assuming there’s some tiny amount of incoming gas, but the attenuator needs a fuel source.
Once a ship is up to speed, it requires no further fuel to maintain its momentum. If the inertia attenuator is shut down, the apparent mass increases to actual mass, and the 33 times increase in mass reduces speed by a factor of 5¾, but the momentum hasn’t changed. Since the thrusters still have gas flow, they can accelerate, decelerate, and power ship systems indefinitely.
A ship with just reaction thrusters works just like a ship with pulse drive with the attenuator is shut down. This is a common configuration for moon transport and in small systems, and for extremely large transports where time is less important than economy. It’s often referred to as drifting.
The speed class of the ship represents the percentage of the speed of light a ship can go without an active attenuator. With an active attenuator, the lightspeed percentages are: class 1, 6%; class 2, 11%; class 3, 17%; class 4, 23%; class 5, 28%; class 6, 34%; class 7, 39%; class 8, 44%; class 9, 49%; class 10, 53%; class 11, 58%. 61.1% the speed of light (class 11.83) is the highest sustainable speed possible with current technology, and this is a theoretical maximum and can never be achieved using Bussard collectors, though it can be exceeded for short periods of time by using onboard reaction fuel instead of the collectors.
The ship doesn’t take particularly long to get up to 99+% of its cruising speed. At this time the thrusters can be taken offline for repairs, but with the thrusters down, navigation is almost nonexistent. The navigation system won’t be able to avoid space rubble. This gives a risk of impact that could lead to anything from a pinhole in the hull to becoming a new crater on a random small asteroid. Another risk is if they don’t start back up, the ship won’t be able to stop at the destination and will continue on to interstellar space, where the crew will likely die and the ship will eventually be parted out by a long range salvage ship. 


Most ships will take a few hours getting up to a cruise speed in the 20% to 30% light range. A typical ship will accelerate at 250g to 1000g at this time, and while the interior is completely isolated from this, the hull of the ship must endure 3% of this force, which is still significant. The acceleration rate can typically be adjusted, but most ships have the power to destroy themselves at low speeds, especially during hard burn. 
Ships with pulse drive can generally get anywhere inside a system within a few hours; half an AU might take about a couple hours. Without the attenuator, the top speed may only be reduced by a factor of 5¾, but the acceleration is reduced by a factor of about 33. This not-so-coincidentally increases the travel time within systems by a factor of 5¾.
Some small short range ships don’t use Bussard collectors at all. This is known as a closed thruster. If a full life support system isn’t needed and the ship only has CO2 filters, it’s pretty easy to have enough fuel onboard to go much further than an occupant will survive. This is where you see protium and deuterium used as primary fuels most often, because the only penalty is the loss of hard burn and some safety, especially since even a helion leak can be deadly in a small vessel without a full life support system. Protium has the lowest cost and longest range per kilogram of fuel, though per unit volume, it’s the same as helion. Many fuel depots don’t carry it anyway. Deuterium, on the other hand, can almost double the range of a ship with a given tank size and is available just about everywhere. 
Closed thruster speed classes represent an acceleration rate. A speed class of 1 will reach 1% the speed of light in 300 hours. That’s a journey of about 125,000 km in 4 hours or 500,000 in 8 with the distance being proportional to the time squared. One half of an AU will take just under 4 days, though with a hard burn of 3, that would be only a little over 2 days but would use around twice the fuel.




