S02E32 - Fusion Propulsion: Almost Working Since
Forever

The Multiverse Employee Handbook - Season 2

HOST: Welcome back, my plasma-confined propulsion enthusiasts! I'm your
quantum-entangled trajectory coordinator, simultaneously accelerating and
decelerating across infinite corporate timelines. You're tuned into "The Multiverse
Employee Handbook" - the only podcast that treats your fusion-powered career
trajectory like a Princeton Field-Reversed Configuration reactor!

Speaking of revolutionary propulsion systems, I'm delighted to report that
Quantum Improbability Solutions has achieved breakthrough efficiency ratings in
our Interdepartmental Transit Authority. The executives have implemented a
mandatory "Epstein Drive Readiness Protocol," though | should note that three
employees have already been launched into permanent orbit around the water
cooler at 1.33% the speed of light. Management considers this an acceptable
casualty rate for a Tuesday.

Today, we're exploring the magnificent obsession that is fusion propulsion - where
humanity's dream of reaching the stars collides with the harsh reality that our
current rockets are about as efficient as using a teaspoon to empty the ocean. It's
technology so promising that even The Expanse's fictional universe couldn't resist
making it work perfectly, though they conveniently skipped the part about funding
applications and safety inspections.

HOST: Gather 'round the quantum propulsion development lab, my deuterium-
depleted dreamers, for a tale that would make even Solomon Epstein question his
life insurance policy.

In the fluorescent-lit realm of Quantum Improbability Solutions, specifically in the
Advanced Propulsion Division (which existed in a superposition of "game-
changing breakthrough" and "catastrophically over-budget"), Dr. Stella Tokamak
was having what could charitably be called a field-reversed configuration crisis.

It had started, as these things often do, with what seemed like a routine progress
report email from the executives:

SUBJECT: URGENT - DFD PROJECT STATUS INQUIRY

Team!



Exciting developments in our Direct Fusion Drive initiative! The board is thrilled
with our progress and requests an immediate demonstration of our 1-10 MW
fusion-powered propulsion system.

« Current funding: Fully allocated

- Timeline: This afternoon

- Expected performance: Pluto in 4 years

- Backup plan: [ERROR: OPTIMISM_OVERFLOW]

Please prepare for full system demonstration. Note: Legal has pre-approved all
waivers.

#PlasmaReady #FusionForward

Dr. Tokamak stared at her computer screen with the expression of someone who
had just been asked to demonstrate cold fusion using office supplies and
motivational thinking. Her actual fusion reactor - the Princeton Field-Reversed
Configuration prototype she'd been developing for the past seven years - was
currently achieving the impressive feat of heating plasma to approximately the
temperature of disappointment.

"Stella," called her colleague Dr. Chen from across the lab, "did you see the
executive memo? They want us to demonstrate interplanetary capability by 3 PM."

"Oh yes," Stella replied, her voice carrying the hollow ring of someone whose
theoretical physics degree had not prepared her for corporate reality. "Apparently,
we're supposed to 'iterate rapidly toward market readiness' with our fusion plasma
that currently exists for about 300 milliseconds before remembering it's not
supposed to be possible yet."

The irony was not lost on her that she was working on technology inspired by The
Expanse, a show where fusion drives worked flawlessly and interplanetary travel
took mere weeks. In that universe, Solomon Epstein had accidentally created a
revolutionary propulsion system and then immediately died from his own success -
accelerating to 5% light speed in 37 hours while experiencing forces that would
turn a human into what could charitably be called "abstract art."

"At least Solomon only had to worry about the physics killing him," Stella muttered,
reviewing her PFRC-2 data. "I have to worry about the budget committee."

That's when the Square-Haired Boss materialized beside her workstation, his hair
maintaining perfect geometric precision despite violating several thermodynamic
principles.



"Tokamak!" he declared, his voice carrying the magnetic confinement properties
of a failing tokamak. "I've just had a brilliant idea. Since our fusion drive isn't quite
ready for interplanetary demonstration, why don't we simply increase the
efficiency?"

Stella blinked slowly. "Sir, that's... that's what we've been trying to do for the past
decade. The entire field of fusion research has been trying to do that for seventy
years."

"Yes, but have you tried asking it nicely? Perhaps offering the plasma some
performance incentives?"

And that's when Stella realized she was living in a universe where the laws of
physics were apparently subject to corporate negotiation. She looked at her
experimental setup - the magnetic coils, the plasma containment field, the
deuterium-helium-3 fuel mixture that cost more per gram than her annual salary -
and had an epiphany that would have made Douglas Adams proud.

"Sir," she said slowly, "l think | understand the problem. We're approaching this all
wrong. We're trying to make fusion work according to the laws of physics, when
we should be making it work according to the laws of corporate efficiency."

The Square-Haired Boss nodded sagely. "Exactly! Physics is just another
department we need to manage properly."

And so, in the grand tradition of impossible solutions to impossible problems, Dr.
Stella Tokamak set about redesigning the fundamental forces of the universe to
meet quarterly projections. Her first innovation was to eliminate the waiting time
between fusion ignition attempts - rather than the traditional approach of waiting
for plasma containment failure, she simply scheduled the failures for more
convenient times.

Her second breakthrough was implementing what she called "aspirational physics"
- instead of measuring actual performance, they would measure projected
potential performance, adjusted for market conditions and investor optimism.

By 2:45 PM, the Quantum Improbability Solutions Direct Fusion Drive was ready
for demonstration. The plasma burned at theoretical temperatures, the magnetic
nozzle generated hypothetical thrust, and the power output existed in a profitable
superposition of success and creative accounting.

"Remarkable!" exclaimed the Square-Haired Boss as readings showed their
reactor achieving impossible efficiency ratios. "How did you solve the fundamental



plasma instability problem?"

"Simple," Stella replied, watching her instruments display values that would make
Einstein weep. "l classified it as a feature rather than a bug. We're not
experiencing containment failure - we're demonstrating rapid energy redistribution
across multidimensional probability matrices."

And that's how Quantum Improbability Solutions became the first company to
achieve fusion propulsion through the revolutionary technique of simply refusing
to acknowledge why it shouldn't work.

The demonstration was, by all accounts, a complete success. The drive generated
exactly the right amount of thrust, at precisely the efficiency required, for exactly
as long as the presentation lasted. The board was delighted, the investors were
ecstatic, and Dr. Tokamak received a promotion to Senior Director of Impossibility
Management.

The only minor issue was that none of it actually happened in this universe. But in
the multiverse of corporate ambition, sometimes the most important breakthrough
is learning that reality is just another constraint to be creatively managed.

HOST: And that brings us to the fascinating science behind controlled nuclear
fusion - a process that makes splitting atoms look like opening a particularly
stubborn jar of pickles. Unlike The Expanse's conveniently efficient Epstein Drive,
real fusion propulsion actually follows the inconvenient truth that the universe
prefers its hydrogen atoms unfused and its plasma contained by something more
reliable than wishful thinking.

Consider this: since the 1950s, fusion researchers have been announcing that
practical fusion power is "just twenty years away" with the temporal consistency
of a broken quantum clock. It's been twenty years away for seventy-five years
now, which either represents remarkable precision in long-term forecasting or
suggests that the universe has a peculiar sense of humor about our energy
ambitions.

The Princeton Field-Reversed Configuration - our current best hope for fusion
propulsion - operates on the principle that if you can convince deuterium and
helium-3 nuclei to overcome their natural electromagnetic aversion to each other,
they'll reward you with enough energy to power civilization or, in our case, enough
thrust to reach Pluto in four years. The catch, naturally, is that achieving this
requires heating matter to 100 million degrees Celsius while magnetically
containing it in a device smaller than most corporate conference rooms.



Who exactly is Princeton Satellite Systems?
Hang on, I'm just checking their Wikipedia page. Yep, still there.

Member-supported, by the way—so if you're one of those noble souls keeping the
world's collective brain afloat, thank you for funding my ability to look things up
mid-sentence. Anyway, where were we?

Right—Princeton Satellite Systems. Founded in 1992 by Michael Paluszek, is a
small aerospace R&D company based in Plainsboro, New Jersey, with a team of
about eight full-time engineers. Despite their modest size, they're working on one
of the most ambitious propulsion systems humanity has ever dared to sketch on
the back of a napkin: the Direct Fusion Drive.

Paluszek himself holds degrees from MIT in Aeronautics and Astronautics and
previously worked at GE Astro Space designing satellite control systems. What
makes PSS particularly relevant to our fusion fantasies is that they're one of the
few companies actually developing fusion rockets, specifically their "Starfire
fusion microreactor" for space and terrestrial applications.

They've been providing the aerospace industry with software tools since 1995,
including MATLAB control toolboxes and spacecraft control packages, which is
essentially the corporate equivalent of starting with sensible office supplies before
deciding to build a miniature sun in your basement. Operating under the alias
"Princeton Fusion Systems" for their nuclear ambitions, they represent that
peculiar breed of small company that somehow convinced government agencies to
fund their attempts at making controlled thermonuclear reactions as routine as
satellite navigation - assuming satellite navigation required maintaining plasma at
100 million degrees Celsius while hurtling through the vacuum of space.

When we return from this brief quantum superposition of advertising and content,
we'll dive deeper into the Princeton Plasma Physics Laboratory's collaboration
with artificial intelligence systems that are apparently more optimistic about
plasma containment than the plasma itself, and explore why humanity's oldest
dream of riding controlled nuclear fire to the stars remains tantalizingly just
beyond our technological grasp.

Welcome back, my magnetically-confined momentum enthusiasts!

Quick note for the uninitiated: The Expanse is a science fiction series by James
S.A. Corey (the pen name for authors Daniel Abraham and Ty Franck), adapted



into a beloved television series that ran from 2015 to 2022. Set in a future where
humanity has colonized the solar system, it follows political tensions between
Earth, Mars, and the asteroid Belt while maintaining remarkably realistic physics -
until the Epstein Drive shows up and makes interplanetary travel convenient
enough for weekly commuting.

We'll be discussing the backstory of this fictional propulsion system, including
how its inventor accidentally achieved relativistic speeds and immediately died
from his own success - which is hardly a spoiler since it happened before the main
story begins, but fair warning for anyone who prefers their science fiction
discoveries unspoiled. Think of it as the technological equivalent of learning that
the Titanic doesn't make it to New York - historically inevitable, dramatically
relevant, but not exactly a plot twist.

HOST: Let's address the elephant in the spacecraft bay - or more accurately, the
incredibly efficient fusion drive that exists only in James S.A. Corey's imagination
and Amazon Prime subscriptions. The Expanse presents us with a universe where
fusion propulsion works so elegantly that spaceships can maintain constant
acceleration halfway to their destination, flip around like cosmic gymnasts, and
then brake for the remaining journey. It's interplanetary travel reduced to the
sophistication of a very expensive elevator ride.

The fictional Solomon Epstein - may his accidentally liquefied remains rest in
relativistic peace - supposedly stumbled upon this revolutionary technology while
tinkering with his yacht's drive efficiency. In thirty-seven hours, his modified
engine accelerated him to five percent of light speed at a sustained 11.5 gravities,
transforming him from recreational boater to abstract expressionist art installation.
The show presents this as a tragic accident, but I'd argue it's the most successful
unintended product demonstration in the history of propulsion engineering.

Compare this to our reality, where Princeton Satellite Systems' Direct Fusion Drive
- the closest thing we have to Epstein's magical efficiency - produces a whopping
few newtons of thrust per megawatt of power. To put this in perspective, that's
roughly equivalent to the force required to gently nudge a paperweight, except the
paperweight costs several billion dollars and requires fuel that doesn't exist on
Earth.

Speaking of expenses that would make Solomon Epstein's insurance adjuster
weep, let's discuss the materials procurement challenges. First, there's the
helium-3 fuel situation - a substance so rare on Earth that our current stockpile
could power approximately one coffee machine for fifteen minutes. This
necessitates what aerospace engineers euphemistically call "lunar resource



extraction" and what everyone else calls "strip-mining the Moon until it looks like a
corporate parking lot."

But wait, there's more! The reactor itself requires high-temperature
superconductors that must maintain their quantum properties while being
bombarded by neutrons traveling at what physicists describe as "aggressively
unfriendly velocities." The plasma-facing materials - primarily tungsten - must
withstand temperatures that would vaporize most matter while somehow
maintaining structural integrity. It's like building a boardroom table that can survive
being used as kindling for the surface of the Sun.

The neutron bombardment alone presents challenges that make corporate
restructuring look straightforward. These subatomic projectiles don't just damage
materials - they transmute them into entirely different elements, essentially forcing
your carefully engineered spacecraft to undergo unwanted atomic-level
reorganization. Imagine if your office computer randomly decided to become a
toaster every few months, except the toaster is radioactive and the IT
department's solution is "have you tried turning the fundamental forces of nature
off and on again?"

Current progress reports from the PFRC-2 prototype read like optimistic medical
diagnoses: the system has successfully achieved 500 electron volts for 300
milliseconds, which technically exceeds theoretical predictions. This represents
what fusion researchers describe with barely contained excitement as "plasma hot
enough to be theoretically interesting for approximately the time it takes to say
'this might actually work' before reality reasserts its administrative authority."

To translate this into corporate terms: we've successfully heated deuterium to the
temperature of cosmic possibility for roughly the duration of a productive thought
during a budget meeting.

Now, let's examine the Princeton Field-Reversed Configuration in all its cigar-
shaped glory - and yes, that's the actual technical description. The PFRC
resembles what would happen if someone asked a plasma physicist to design the
world's most expensive Cuban cigar, then filled it with 100-million-degree
deuterium instead of tobacco. The plasma forms this elongated, spinning
configuration held together by magnetic fields, with one end conveniently left
open to provide thrust - essentially turning controlled nuclear fusion into the
universe's most sophisticated rocket exhaust.

The magnetic containment system operates on principles that would make any
middle manager envious: it creates invisible barriers that somehow convince



superheated plasma to behave itself without requiring performance reviews or
disciplinary action. The rotating magnetic fields spin the plasma like a cosmic
fidget spinner, except this particular fidget spinner could theoretically propel
humanity to Jupiter.

Speaking of ambitious partnerships, Princeton has recently collaborated with
Pulsar Fusion to employ machine learning algorithms for plasma analysis. Yes,
we've reached the point where artificial intelligence is being recruited to
understand why our artificial suns keep extinguishing themselves. It's like hiring a
consultant to explain why your meetings are unproductive, except the consultant
is a neural network and the meeting is occurring at the temperature of stellar
cores.

The development timeline reads like a masterpiece of academic optimism: PFRC-2
is currently operational (if you define "operational" as "successfully existing for
brief moments"), PFRC-3 is in the design phase (existing primarily in CAD files and
grant applications), and PFRC-4 is projected for the late 2020s (assuming physics
continues to cooperate and funding committees maintain their current relationship
with reality).

Here's the delicate corporate truth that no one mentions in the press releases:
despite seven decades of development and billions in funding, no fusion ignition
has actually been achieved yet in any propulsion-oriented system. We've
essentially created the world's most expensive space heater that occasionally
pretends to be a rocket engine during particularly optimistic quarterly reports.

But let's explore the performance projections, because this is where theoretical
physics meets aspirational project management.

According to Princeton's calculations, a fully operational Direct Fusion Drive could
transport cargo to Jupiter in approximately one year - a journey that currently
takes our chemically-propelled spacecraft five to seven years, assuming they
don't get distracted by interesting asteroids along the way.

Even more ambitiously, missions to Sedna - that lonely dwarf planet lurking at 937
astronomical units from the Sun - could be completed in eight to ten years instead
of the traditional forty to fifty. To appreciate Sedna's cosmic isolation, consider
that it takes 11,400 years to complete a single orbit around our Sun. This is a
celestial body so distant that when it was last at its current position, humans were
still figuring out agriculture and wondering why large mammals kept disappearing
whenever they showed up.

The beauty of the Direct Fusion Drive lies in its dual functionality - it's
simultaneously a propulsion system and a 1-2 megawatt electrical power



generator. It's like having a company car that also powers your entire office
building, assuming your company car operates on controlled thermonuclear
reactions and your office building is hurtling through the vacuum of space.

Now, here's where the bureaucratic poetry becomes particularly exquisite: DARPA
has officially rated the Direct Fusion Drive project as "awardable" for national
interest purposes, despite the minor detail that fusion ignition remains in the
"theoretically possible" category. This represents a triumph of institutional
optimism over empirical evidence that would make any corporate strategic
planning department proud.

Of course, Princeton isn't the only organization pursuing the fusion propulsion
dream through creative interpretation of physical laws. The competition landscape
includes Z-pinch fusion concepts from the University of Washington, where
researchers compress plasma using pulsed magnetic fields with all the subtlety of
closing a cosmic accordion. There's also Helion Energy, whose compact field-
reversed configuration systems are designed primarily for electrical generation but
could theoretically be adapted for propulsion, assuming you can convince plasma
to multitask.

Meanwhile, various hybrid approaches propose using fusion reactors to generate
electricity for ion thrusters - essentially admitting that fusion propulsion is too
difficult, so let's just use fusion to power really efficient conventional rockets. It's
the technological equivalent of buying a race car to drive to the grocery store for
batteries to power your bicycle.

The corporate parallels are unmistakable: we're all managing stakeholder
expectations while the fundamental physics remain what executives
euphemistically call "negotiable." It's project management applied to the laws of
thermodynamics, where success is measured not by whether fusion actually
works, but by whether the quarterly progress reports maintain investor confidence
in our ability to eventually convince matter to behave according to budget
projections.

Now, if you'll allow me my own assessment of when we might actually see fusion-
powered spacecraft departing for the outer planets: I'd estimate we're probably
about twenty years away. Yes, | realize this makes me complicit in fusion
research's most enduring tradition - the temporal equivalent of a broken quantum
clock that's been stuck on "twenty years until success" since the Truman
administration. But unlike my colleagues in the fusion community, I'm willing to
admit that my twenty-year prediction will likely still be twenty years away when we
reach it, creating a perpetual temporal recession that may represent humanity's
first accidental achievement in backwards time travel.



HOST: Well, my magnetically-confined momentum managers, we've reached the
end of another quantum exploration into the space between thermonuclear
ambition and thermodynamic reality. Today we've learned that in the multiverse of
fusion propulsion, every breakthrough exists in a superposition of "revolutionary
scientific achievement" and "heating deuterium until the funding committee
observes our project into budgetary nonexistence."

We've discovered that the gap between The Expanse's Epstein Drive and
Princeton's PFRC is roughly equivalent to the difference between Star Trek
transporters and your office GPS - both involve sophisticated technology and the
fundamental rearrangement of matter, but one actually exists and occasionally
tells you to make a U-turn when possible.

Let's be honest about our greatest achievement so far: we've successfully
converted approximately $847 million in government funding into theoretical
plasma that lasts just long enough to justify the next grant application. It's
efficiency in the truest bureaucratic sense - transforming taxpayer dollars into
peer-reviewed publications with the reliability of a finely-tuned administrative
process.

Want to explore more quantum corporate chaos and magnetic nozzle management
theory? Visit us at multiverseemployeehandbook.com where you'll find fascinating
science news, deep dives into fusion propulsion economics, and our latest blog
series: "Fusion Propulsion and Other Science Projects We Swore Would Be Done
by Now".

And if you've enjoyed today's thermonuclear corporate adventure, why not share it
with a fellow propulsion enthusiast? Perhaps you know someone who's ever
wondered whether their morning commute could be improved by controlled
nuclear reactions. Spread our signal like neutron bombardment through tungsten!

This is your quantum-coherent correspondent, reminding you that in the
multiverse of space exploration, we're all just educated primates dreaming of
riding nuclear explosions to the stars while meticulously filing safety paperwork
with the Interplanetary Transit Authority.

The Square-Haired Boss's geometric precision remains consistent across all
parallel universes, though his understanding of plasma physics varies significantly

depending on which timeline's budget committee is observing.

[FINAL DISCLAIMER: Any resemblance between Quantum Improbability Solutions



and actual aerospace corporations is purely coincidental. However, the budgeting
challenges and timeline optimism are documented with scientific accuracy.]



