
IMPULSE ENGINES

Impulse engines have always been used for precision maneuvering, from as far back as the maiden voyage of the Enterprise NX-01 up
through all the starships of the twenty-fourth century.

Warp drive may be indispensable for traveling from one star system to the next, but it’s lousy for small-scale,
precision motions. For traveling within a solar system, rendezvousing with another starship, docking at a
starbase, orbiting a planet, or completing intricate tactical maneuvers, control is far more important than raw
speed. That’s where the impulse engines come in. Capable of taking starships up to a significant fraction of the
speed of light—making interplanetary journeys a matter of hours, rather than months—impulse engines can
also enable a ship to reach its desired location with submeter accuracy.

“Slow to impulse.”

It was the birth of rocketry that led humanity into space in the first place. While it was Zefram Cochrane’s
warp flight that brought Earth to the attention of the Vulcans and enabled humanity to travel interstellar
distances, simple rocketry was still used at all points in the Star Trek timeline to travel within a planetary
system. By operating on the simple concept of Newton’s third law—that every action has an equal and opposite
reaction—a starship can be made to accelerate by imparting large amounts of energy to massive particles that
are then ejected opposite to the direction a starship will accelerate. While twenty-second-century impulse



engines could accelerate a ship up to approximately 5% the speed of light, larger, more powerful ships in the
future, like the Enterprise-D and Voyager, could travel five to ten times as fast under impulse power.

The two components of any potential impulse engine are the generation of energy and the expulsion of high-
speed, massive particles. It’s important to generate large amounts of energy to kick those massive particles out
with the maximum possible amount of momentum, and then the equal-and-opposite reaction is an equal-and-
opposite change in momentum of your starship. If you want to accelerate a starship to any appreciable amount
of the speed of light, that means imparting a huge mass with a huge change in velocity. Under the laws of
physics, the particles that come out of the exhaust—which are presumably much lower in mass than the
starship itself—must be moving incredibly close to the speed of light. In physics, momentum has to be
conserved.

But energy, too, needs to be conserved! There must be some way to generate enough energy to make a ship
move that fast, and to accelerate those exhaust particles so close to the speed of light to make that happen.
These energies aren’t so easy to come by, physically; accelerating just a kilogram of mass up to 5% the speed
of light takes 113 terajoules of energy. That’s the equivalent of 27 kilotons of TNT, or more energy than was
released in the Hiroshima or Nagasaki bombs. To accelerate the Enterprise-E—estimated mass: 3 million
metric tons—to that same speed, would require approximately the amount of energy that was released in the
asteroid impact that wiped out the dinosaurs. You would have to annihilate about 4,000 metric tons of matter
and antimatter, or burn through about 1 million metric tons of nuclear-powered fuel, to release that much
energy. And that’s assuming you can transfer the entirety of that energy into accelerating the high-energy
particles in the proper direction out of the ship’s exhaust.

While Star Trek claims to use deuterium fusion to power the impulse engines, burning through a third of the
ship’s mass just to go from rest to full impulse seems like a bad long-term plan for a starship. Since mastering
matter-antimatter power (as part of antimatter containment; see here) is required for Star Trek, perhaps the
energy needs can legitimately be met. In addition, channeling that energy into momentum isn’t so difficult. In
fact, if the matter-antimatter power is made of electrons and positrons—which annihilate purely into photon
energy—they can be shunted out in the opposite direction from how you want your ship to accelerate, and off
you go at full impulse. You’re limited only by the efficiency with which you can reflect the photons and use
their momentum to power the ship. If you want to go the route Star Trek claims and use a plasma exhaust
instead, it’s theoretically possible, although it’s also less efficient as far as momentum transfer is concerned.
Every additional collision or transfer of energy is one more inefficiency in the chain of events.

The last obstacle to overcome is a real challenge: the issue of accelerating the ship from rest to a significant
fraction of the speed of light could have catastrophic consequences for the crew. Human bodies can’t handle
accelerating at speeds of more than g, the gravitational pull of the Earth at the surface: 9.8 meters per second
squared. But if you accelerate to full impulse, even if it takes you an hour to get there (and it never takes that
long), you’ll need to accelerate at a minimum of 4160 meters per second squared, or 425 g. The only humans to
ever survive accelerations of that magnitude have been in crashes, where that level of g-force lasted for less
than 0.1 seconds, not for an hour. Some type of “acceleration dampener” would be needed for a human to
survive the acceleration created by an impulse engine, otherwise the blood would fail to circulate through the
human body. Trying to overcome this with a larger acceleration in a shorter amount of time would be even
worse, as the impact would rip the blood vessels right out of your vital organs, similar to what a skydiver
whose parachute doesn’t open experiences. Acceleration dampeners—equivalent to a gravity shield or Star
Trek’s inertial dampers—are thought to be physically impossible, however; they would violate Einstein’s
equivalence principle, which is the foundation of general relativity. Any sort of gravity shield, mandatory for
human survivability aboard a rapidly accelerating starship, is purely hypothetical.



A starship, more than half a kilometer in extent, can pass through an opening barely larger than itself without any risk of collision
under impulse power.



The first test firing of SpaceX’s Raptor engine on September 25, 2016, illustrates how the exhaust must be expelled antiparallel to the
direction of the desired thrust.

There are real advances happening surrounding engine-based technologies that could potentially lead us on
interplanetary voyages in greatly reduced timescales in the near future. Chemical-based rockets, which convert
only ~0.001% of their mass into energy, are presently used, but may be superseded by nuclear rockets, which
can be nearly one thousand times more efficient. Deuterium-lithium fusion rockets are under development
today, and may cut down the journey to Mars from nearly a year to just over a month. High-energy plasma
drives (with exhaust) may not quite reach photon-levels of efficiency, but represent significant improvements
over current technology. An out-of-the-box technology, a laser sail, may enable one-way acceleration to near-
light speeds of very lightweight robotic probes, as they will not be limited by the acceleration thresholds of a
human body. The ultimate in efficiency—matter-antimatter power—has been demonstrated to be feasible in
principle, and could someday create a true Star Trek impulse drive. But that technology is likely centuries,
rather than decades, away.



The plasma rocket, a type of electromagnetic thruster, may be the first Star Trek–like breakthrough to come to fruition. It is being
explored by a variety of teams engaged in plasma propulsion research, including NASA’s Variable Specific Impulse Magnetoplasma
Rocket (VASIMR).

Nevertheless, impulse engines are technologically feasible based on what we know of physics today. The big
challenge will be the dual trade-offs: between fuel and weight, and accelerations and human tolerance. If we
can develop more efficient fuel-based technologies, such as nuclear or matter-antimatter sources, our
interplanetary journeys will become much faster and human-accessible, even well before they reach true Star
Trek levels. The acceleration limits are more constraining, but so long as there’s either only inanimate cargo on
board—which might include humans either frozen or suspended in a fluid environment—a rapid acceleration
might not be the deal breaker Einstein’s theory claims it to be. Regardless, impulse drive is on its way, and as
our rocketry technology continues to improve, we’ll find it progressively becomes more and more Star Trek–
like to journey from world to world.


