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- SUMMARY-----------------------------------------
PROBLEM Power and propulsion lim itations of current rocket engines 

inh ibit inte rplanetary travel 

SOLUffON Fusion propulsio n and power in one device w ill transform deep 

space missions with half the trip t ime, 70x the payload and 200x t he 

,wailable power. 

PRODUCT PFRC - a compuct, linear fusion reactor th.it doubles as a fusion 

rocket for space applications. 

TRACTION $600Kt in Innovation Network for Fus.ion Energy (INFUSE) 

fund ing in 2022, LOIS from DoD organizat ion for nuclc,::ir fusion propulsion 

, $1M government contract for state-of. the.art power electronics for fusion 

systems, 2016 & 2017 Phase I & II NASA NIACs awards for Fusion·Enabled 

Pluto Orbiter and Lander 

CUSTOMERS DoD, NASA, FEMA 

BUSINESS MODEL Transactional 

MARKET Approx. Market Size: $258 

COMPETITION No other f usion companies are focused on producing 

specific impulse and power for r.ipid deep space transport.ition 

TEAM A team with decades of government and commercial development 

experience. 

VISION A bold, inspiring world of space exploration enabled by our 

patented DFD/PFRC technology. 



USE OF FUNDS To m.:it ch fcdcrol INFUSE investment ;and g3thcr critic.II 

d.:it.:i from the PFRC experiment in order t o design the ncxt -gcnerution 

superconducting machine. 

0 
Power and propulsion 
limitations of current rocket 
engines inhibit interplanetary 
travel 

Tod;iy's deep spuce missions arc too sl0\•1 and expensive t o enable the kind 

of interplanetary t ravel imagined by science-fiction and aspiralional NASA 
road maps. The few experiments selected to go to space must make tough 
compromises in cargo mass - "payload" - and power, w ith harsh limi tations 
on capabi lity and data return. Once launch day comes, scientists must wait 

many years while their spacecraft executes complicated tra jec tories looping 
Mound the solar system for gravit y assists. These long t rip times drive up 
costs. 

Interplanetary transit times using conventional chemic;i l propulsion are 9 

months to Mars, 5 years to Jupiter [11 and 7 years to Mercury [2J Such 
pro longed timefr.1mes me;in I urge r,1diation doses; dangerous for humans 
and damaging to spacecrart components. Maintaining skilled staff and 

monitoring spacC!craf t during t r,1nsit is also expensive. Many experi~ncc-d 
scientist s m,1y cve-n retire beforn the> ir instn ime>nts rf'ach the ir in tended 

orbit. 

With cur<ent propulsion systems, launches have t o be t imed just right and 
take place wit hin a '' launch window"; The launch windm,, for cheapest 
(lowest fuel) t ravel to Mars only occurs every 26 months.(l]_. This means 
t hat , if the window is missed, for whatever reason, we have to wait more 

than t.-..•o years for another oppo, tun ity to launch again. Revolutionary 
improvements in space propuls ion are needed to make interplanetary t ravel 

fast and economical. 

What are t he opt ions for better propulsive performance? 
To answc,r this quc;,stion, we must f irst understand how propulsion works. 

A ll propulsion systems need a source of energy and a means of converting 
that energy into a d irected flow (exhaust) that produces thrust. The faster 
you cc1n make the exhaust come out of un engine, i .e . high "exhaust 
velocity.'· the less fuel you need. The mor C! thrust you generate, t he more 
cMgo you can move, ,1nd t he faster you c.rn accelctilte. It's c1n inex.1ct 

analogy, but you Ciln compare types of rocket s to t ransport;ition on Ec1rth; if 
y(')u go on vMc1tion in y6ur cc1r, you cnn bring n il the gear t1nd luggc1ge you 

wan t. !f you f ly, it 's. much faster but more expensive and you cc1n only bring 
,1 suitcilsc (')t two. In cssenct'!, you cc1n t r<1dt"! ILiggag~ ,1nd cost for time, .1s we 
can t r.ide paylo;:id c.ip.icit y for t ime, when comparing different propulsion 
systems chc1racterized by diffenrnt combin<ltions of velocity ,rnd thrust. 

~,I A 1 ' I 

Time To Reach Mars From Earth 

Our best pmpulsion options today are chemical propulsion (usually mixing 
two fuels) ;ind electric propulsion (energizing heavy ions). Chemical 
propulsion systems have high t hrust but ven,' low exhaust veloc ity (3 km/s) 

and hence limited deep space capabi lity [~) . Solar- powered electric 
propulsion systems with thcii r higher ve locity - up to 45 km/s [2] - can 
move payloads w i th less fuel, but typical ly only stowly, because in order to 
get high thrust you need a lot of power. NASA ['11 and DARPA [Z] arCI 

investing in nuclear t hermal propulsion (NTP) for better performance, where 
t he fission (split ting cf iltoms) of low- enrich~d uranium is used tc he.at 

engine fuel producing high thrust and somewhat foster fur. I (9 km/s), but 
the development of NTP is still early- stage and anliciprn ed improvements in 

t rip t imes are modest rn.J . None of these engine types rnn produce both 
substantial t hrust and high fuel veloc ity - what would be needed to b ring 
your whole car fu ll of gear for a t r ip, ond get t here as fast as an airp lane 
would. 

High power for electric propulsion; needed to enable faster trip t imes, could 

come from either f iss ion or fusion reactors, however, the pow!.'.!r source must 
;i lso be lightweight, ;ind f ission mtlctors ur!! not. Rt:cent advancements in 

computation and materials, especially superconductors and semiconductors, 
have caused a resurgence of interest and progress in various fusion 
concepts. There are now multiple commercial fusion companies competing 

to be the f irst to put electricity derived from nuclear fusion on the grid. 



However, most fusion systems attempting to do this must be large due to 
t heir fundamental physics. To produce 200 MW or more, they would rteed to 
be as big as a building, and sti ll have no means of producing propulsive 
t hrust. I f the fusion energy produced by these systems has to be converted 
into elect rici ty before !t can be used to geflerate thrust , it wi ll suffer from 
the same l imilalio ns as electricit y derived from nuclear fiss ion • a big 

increase in system mass. In contrast, a direct drive fusion system - where 
the fusion energy is directly converted to rocket thrust without any 

inter medi.:it e steps - could reduce the tot i)I mass per unit of power by iln 

order of magnitude or more, enabl ing rapid trip times while great ly reducing 

fuel requirements. 

© 
Fusion propulsion and power in 
one device will transform deep 
space missions with half the trip 
time, 10x the payload and 200x 
the available power. 

Fusion is the same process t hat powers our sun. Combining two smaller 
atoms to make a bi gger one releases tremendous energy. If this energy can 
be converted into thrust, f usion propulsion technology will create a 
revolutionary shift in space travel, al lowing for the e)(pansion of 

humankind's presence in the solar system and beyond.['.!]. 

Fusion reactors use either deut~rium and t ritium (D-T) or advanced fuels 
such as deuterium helium-3 (D- 3He) or hydrogen and boron-11 (H-118) as 

rc..ictMts. R~;)Ctors thilt use 0 -T usually onl y produce, electric: power and 
must be coupled wit h cl separnte propulsion system to crea te thrust , losing 
efficiency and adding mass. Fusion involving advc1nced fuels produces 

charged at omic nuclei that can be d irected ~ lth elec t romagnet ic fields, 
producing thrust without an intermediate stage and dramatically reducing 
the mass needed for the reaction. S:or the D-3He fusion react ion, the ions 

produced have velocit ies oi 25,000 km/s. This is about right for missions to 
our neighboring star Alpha-Centauri, but for intcrpl.:inetary missions, it is 
necess.:iry to mix more lradition.:il f uel w ith the fusion products to get 
exhaust velocit ies in useful ranges (between 80 and 200 km/s.) 

Use the Princeton Field Reversed 
Configuration (PFRC) concept to 
create a Direct Fusion Drive 
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Of the current fusion propulsion technologv concepts in commercial 
dL'veloprnc>nl, onl y the Princeton Fic-ld- R<!'ve>rsed Configuration (PFRC) is 
small and light enough to fit on today's launch vehicles. PFRC is an 
advanc(-d fue l reactor that can mix propel lant to produce thrust di rectly. The 
PFRC works by p..issing ;i cool plasm,1 (a p;ir ti<1lly- ionized gas t hi)t cont.1ins 
ions, electrons, and Mut ral .itoms), typically hydrogen, ;ilong the fusion 

, egion of the PFRC lo col lect the energy created from the fusion products 
(charged ions}. By al lowing th is energy to escape as a plasma plume, PrnC 
can effectively become a fusion reek.et called rhe Direct Fusion Drive (DFD). 
0y changing the f low rutC! in thc coaling luyN, D~D can produce a range of 
thrusts and specific impulses (a me;)sure of how effici0nt ly a reaction mass 
engine c<eates thrust) for a given power level. The D~D will al low de(>p 
space missions to fly direct ly to their dest ination r.>thcr than h,wing to use 



Reducing t rip t imes a11d i11creasing payload is c f critical importance, but 

having large quantities of power upon arrival at the deep space destinat ion 
is itsel f tr,1nsformntive: power to dri ll , power to use l,1s(!rs to b(!am b,:ick 
vast quantities of data, power to support people. Conventional generators 
usod as a powc-r source (l ike the one used on tho Mars Perseverance rover 

[!Q] and the Pluto New Horizons mission [!l]) produce only a few hundred 
wat ts, and a single image migh t take days to transmit from the outer 
planets back t o Earth. A Pl=R.C engine can produce tens or hundreds of 
ki lowatts of power even while in propulsive mode (thruster), and a 

megawatt in reactor mode (power generator). Put simply, the PFRC provides 
po~-..·er and propulsion in on~ d{"Vice. 

Missicns enabled by th~ DFD includt; short trip c.onjuncticn (-540 dtiys on 

Mars, shorter time in space) and opposition-class (-.30 Days on Mars, longer 
t ime in space) Mars missions, rapid inner and outer planet missions, asteroid 
and comet int erception for planetary defense, asteroid mining, and near ­
inters.tellar missions including using t he sun's gravitational eff ect on light to 

observe cxoplancts (planets not in our solar system} .[121. 

DFD can reduce trip times and enable increases in mission payload size 
when compared w ith conventional technology in all cases. This can greatly 

enhance and improve the scientific i'lnd commer-cia! return of missions. In 
<'lddit ion, PFAC spuce r~;H.:tors ccm Silfoly power 1,-irge sp,-ice stc:ition.s and 
manned lunar and M.ars bases. There is no doubt th cit using Princeton Field­
Reversed Configumtion (PFAC) technology in a Direct Fusion Drive {DFD) 

which can produce both power and thrust w ill help humanity explore our 
solar system. 

---PRODUCT------------------------------------

PFRC - a compact, linear fusion 
reactor that doubles as a fusion 
rocket for space applications. 

PSS 
Product 

' . 

PROPELLANT 

EXHAU ST 
PLUME 

The Princeton Field- lleversed Configurat ion {PFRC) concept leads to al to 10 
MW fusion microreact or. The deuteri vm and helium-3 fuels used as PFRC 
reactant s are safe! and nonrad ioactive. DFD rockets wil l achieve 5 to 10 N 

per MW of fus ion power with a specific impulse of 8,000 to 20,000 seconds 

while producing tens to hundreds of k ilowatts of addit ional electrici ty. 
PFRCs would be bui lt in a factory and shipped, fully fuc-led for their 30-yl'.>ar 

operat ional l ifetime, to the customer. 

Princeton S.:itell ite Systems' development ro.1dmilp focuses prim.irily on the 
pctential space <lnd mil itary m:irkets for sm t11J fusion reactors. Expected 

public-private partnerships wil l help fund this development. 

There are three key aspects of the PFRC technology that enable a compact 
fusion rocket [13): 

Single RF Heat ing Sy5tcm 
This innov;itive, odd- parity system creates rotuting elect ric ;md milgnetic 
fields th<1t drive currents in the pl<1sma. A Field Rt>vNse Configurnt ian (FAC) 

has a magnet ic null , where t he current drive is most efficient. 
Radiofrequency (RI=) heating pushes the ions in cycles, causing explosive 
heating. The high-beta me configuration means that only modest magnetic 
fields are n~ded to confir,e the A!=-heated plasrna - magnets about the size 

of an MRI machine. 

Advanced Fuels 
The PFRC configurat ion has an int rinsic fusion exhaust mechanism: t he 
fusion prcducts t ransfer t heir energy to the propellant flowing ilround the 
fusion region. This process is intim11tcly connect-c,d to the size of the rc<1ctor 
.Jnd only occurs if the machine is small. Coupled with the high efficiency o f 
t he FRC configur<'lt icn, the PFRC CM burn ;idvt1nced fusion fuel w hi le 

exhausting the dangerous ash, resulting in neg ligible neutron radiation. This 
in turn means that only minimal radiat ion shielding is reQuired - the crucial 
feature which keeps the reactor mass down and the specific power up. 
Without advanced fuels, the shielding mass would dwarf the rest of the 
engine and the reiJctor would be too heavy to operate as a rocket 

Natural Thrust 
The PFRC is .Jn FRC ins.idea mirror, which h.1s a naturill linear form. For 

closed-loop power production, both ends are closed and the cooling p lasma 
is recycled. With one end open, the mir ror creates a fusion rocket. Energy 
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vi:;,locity in t he mo:1gnC!tic Mzzli:;,, cre<Hing thrust. The i on velocity is <.lbou t 

100 km/s, w hich is a specific impulse of about 10,000 sec. The PFRC can 

uniquely produce electricity at the 5arne t ime by recyc ling t he energy 

absorbed by t he wal Is cf the reactor. 

We have a staged development plan to achieve fusion in the PFRC. 

PFRC-1 first demonst rated our unique heating method, RMFo, in 2007. 

R.MFo st ands for odd-parit y rotating magnetic fi~lds, where a '>et of 

,1ntcnnas driven with oscillat ing sig nals drive p lasma c urrent . In RMFo, t his 

special <1ntennu configur.1tion cre<1tes the FRC p lasm,1 formation w ith dosed 

field lines, cruci;"JI for lengthening the pl.ismr11s confinement time. 

PFRC-2, w ith twice the ri'ldius, beg.in operi'ltions in 201 1. PFRC-2 uses 

p,1ssive high- temperi'lturc superconducting flux: rnnsHvcrs to confine the 

plasma. The magnetic f ield is provided by water-cooled copper magnets, so 

the PFRC-2 is limited to a fie ld of about 0 .05 T, where T stands for magnetic 

field strength or fl ux: densit y. 

The P/:RC-2 Experiment at the Princeton Plasmn Physics Lab. The RM/:o 

antenna ore the orange, Kapton- tape- wrapped rectangles 

PFRC-3 must have .i mJgnet ic f ield of Jbout l T, wh ich requires il fully­

superconducting array of magnets. I f Pl'=rK-3 is successful, a PHK-4 with a 

field of about ST would be able to achieve a breakeven f usion of deuterium 

and helium-3. We could then build a flight protot ype of a t rue fusion rocket, 
t he Direct l=usion Drive, followed by its f i rst m ission in space 

In addit ion to bci ng i'l c.ompi'lCt fusion roLkC!t, PFRC wi ll <1lso make i'l compi'lct 

terrest r ia l fusion reactor. This react o r could be used in modular and 
distri but ed power plan t s, in port.3ble ,,;ystems like ships or mobile 

emergency gencriltors, and In remote off- grid loc;i tions. 

----TRACTION--------------------------------------

$SOOK+ in Innovation Network for Fusion Energy (INFUSE) 

funding in 2022 

LOls from DoD organization for nuclear fusion propulsion 

$1M government contract for state-of-the-art power 

electronics for fusion systems 

2016 & 2017 Phase I & II NASA NIACs awards for F'usion­

Enabled Pluto Orbiter and Lander 

Our NASA NIA( gr;1nt (2016- 2018) i'lllowed us t a perform il systemc'lt ic 

o1na lys is of how DFD wilt wo rk ilnd how big al l the subsyst ems w ill be, g iving 

u ,; co nfidence that if a fusion gain of about 3 can be uchievcd, t he rocket 

wil l oper.1 t e as intended. 

More recently, PSS was selected for three aw ards by the Department Of 
Energy (DOE) Innovat ion Network for f'.u,,;ion Energy (INFUS[}. which funds 

national lab or university support for commercia l fusion projects and 

requires t he commerc i<ll comp.1ny to contr ibut e to t his effort in the form of 



"cost share:" : 

7, Antenna Optimization: Simulating RI= antenna designs for PFRC plasma 

heating and sustainment - $300K federal, !7SK cost share/PSS 

2. PFRC Stabilization: Stabi lizing Pl=RC plasmas against m~croscopic low­

frequency modes - $240K feder;i l, S60K PSS 

3. Elect ron Pro files: Measuring electron density profi les on Pl=RC w ith USPR 

- $62K federal, $5/K PSS 

These awards <'!re> for simulat ions and for nQw ;:inrnnna arrangcm<'nt s t o 

increase t ile efficiency of the PFRC's unique heating method, which ,...,ii) 
enable t he tei'lm to t est antenn;is in multiple soft ware products. The PFRC 

StabilizJt ion project will al low us to simul;ite PFRC plasmas on 

supNcomputing c lusters using GPUs i'lt fantast ic.illy smc1II t ime scc'l les. The: 

third project is experimental and w ill br ing a diagnostic f rom UC Davis, 

previously paid fo r by the Adv,lnced Aese.irch Project s Agency Energy 

(ARPA- E), to t he PFRC to measure elcct rnn densit y across the plasma. 

OvNnll , t his is ,1 3:1 mntch of federal gr;)nts. to prl\1ate dollars. 

In recognit ion of the rapidly changing f usion technology landscape, NASA, 
DARPA and the DOE hosted a TriAgency workshop on Compact Fusion in 
April 20 21 [Jj.]. The consensus wtJs tho:1t compact fusion is iln importan t 

st rnt c-g ic t echnology <1 nd is deserving of fund ing, as shown by these quotes: 

NASA's Ron Litchford, Principal Technologist for Propulsion: "Compact 
fusion stands as o welf dest.>rving candidate for an agaressive whole-of­
government R&D initiative." 

DARPA: "Compact fusion represents an emerging strategic technology wi th 
tucure potential Df porlment of Defenst- (DoD) applications." 

ARPA- E's Scott Hsu: "There's already vCJry broad stakeholder interest in 

compact fusion and its space and defense applications. Fusion space 

propulsion i s po5sjb/y the lowesr hanqino frui t in terms of a first application 
tor compact fusion." 

Government programs from NASA to DOE to DoO arc t aking notice of the 
progress in commerci<ll fusion and creating compNit ivc opportunit ies. 

NASA's recent release of a fusion propulsion topic for t heir Early Stage 

Innovations program for universities is a perfect example of t his [].5]. N ASA 

wants it s reseilrchers to be tJble t o run experiments on compact fusion 
devices to corroborate thei r modds.. and both PFRC- 2 and the p lt1nne:d 

PFRC 3 could meet this need 

We recently proposed a Derel"\Se Innovat ion Unit program in nuclear 

propul sion. Whil e we were not selected for an award due to the long-term 
development plan, our proposal was rated highly and we received a letter of 

support: 

"PFRC was rc,centfy evalua! ('d by th& Defeos0 fnnovation Unit (DIU) for their 

Area of /merest. Nuclear Advanced Propulsion, and Power (NAPP). PFS' 

pmpo.rnl received high marks from all reviewers. Due ro the development 

t ime frame of ten ro fifteC!ll yeors, it was not within OIU's charter £0 ck!Jiver 

technology to the warfighter in three to five years. 

DIU was impres5ed by how compact and r,awerful the PFRC con be withoul 
requiring any exotic t echnology or materials due to its low rodioacNvity ... The 
f irst greac power to exploit fusion propulsion effectively for maneuvsr could 
hove a signi ficant odvontoge in sustaining spore superiori ty ii not 
supremacy. A /:us ion propulsion system would for out - compete nuclear 
thermal and nuclear electric propulsion on o power density and delta-V 
capability basis Nhile offering restart and .significant payload electrical 
power capabili ty. Research ond d<Yvefopment efforcs like PFRC o,e critic-a/ to 

raising the TRL of promisfng space technologies." 

PSS has an ongoing $1M contract wit h ARPA-E to develop wide bandgap 
amplif iers for fus ion syst ems needed for plasma heating and contro l 

systems. In a. project with Unit ed Silicon Carbid0 (now Qoryo), we created a 

new cascode ampl if ier w ith a 15% higher voltage rating and 18%, lower 

resi stance,. PSS and Princeton University are designing three types of boards 

using thesf! devices: short high power pulses (- 5 i.:s), control pu lses (- lms), 

and PF amplifiers. (lO's of MHz). The microsecond pulse waveform can be 
us~d for pulsed fus. ion sys.tems such as z- pinchcs, merging FRCs, .ind inertial 

coo finement fu sion. The mil lisecond pulse waveform can be app lied to active 

magnetic cont rol or steady-state fusion reactors such as t okamaks, 

stcl lilr,Hors, c!nd FR Cs. The RF waveform is. <.lppl icilble toil k!!y pl;,smil 

hcJting t tchnique, ion cyclotron reson.1nce heJting (ICRH), in these steady­

state fusion reactors. 

- CUSTOMERS----------------------------------------

IOI FEMA 
lllmJ D l.o-...<..h,- [ r<1 

The Department of Defense (DoD) is the largest potential customer for t he 

first PFRC prnduction units. Military customers requi re high survivabi lity and 



ease or oper;Juon, ana cosc per wuu 1s nor <1 arivmg ra<;:ror. t-or examp,c, 

militi'lry uses arc for bases and installutlons, af which there are over 1000 
worldwide: forward l<~ums in the Army and Marines, surface ships, 

submarines, drones and space vehicles. The militar y industry wants to move 
to an all -electric battlefield where brigades can opera te for a week without 
resupply. Diesel supply lines and storage faci lities are att ractive target s for 
enemy forces, an issue called contested logistics. PFRC meets the DoD's 

power needs safely and securely. 

The National Aeronautics and Space Administr ation {NASA) is a key 
potential customer for bot h deep and near space missions ·...-here high power 
is enabl ing. This includes lun.ir ;md Mars surface power, Mars 

t ransport.ition, and deep spuce missions to Jupiter clnd beyond. Mars trips 

that wil l tt1ke 8 to 9 months with chemical propulsion ct1n be cut in half. 
increasing astronaut safety and reducing cost. Robotic missions that have 

been limited to ,1 few hundred wutts wi th a single image tilking dilys to 
t rnnsmit home, w ill be able to power drills and rNurn high- dofinit ion TV. 
Human explora t ion, space resource utilization, and the search for l ife ,•,>'ill all 
be fundamentally altered. 

Civiliun customers i nc: lude c;.mergcncy respandc:?rs like the Federal Emergency 
M;inagement Agency (FEMA) and remote lociltlons where tradit ional 
electricity costs are htgh. Th is encompasses appl ications l ike mining at high 

lat itudes, where solar and wind power are not effective and fossil fuets are 
expensive to t ransport. 

---- BUSINESS MODEL------------------------------------

1~1 Transactional 
,(j_) A one-time sale of goods or <;er,1ce<; 

PFA.Cs are small enough to be built in a factory and shipped, fully fueled, to 
t he customer. We e:.:pect to build and operate this process in-house. t=usion 

rnactor market ponetration wil l benefit f rom a build-own- operJte (800) 
service. If the company builds. fuels, opc-r.ites and decommissions the plant, 
it greatly reduces the burden on tho receiving part y. This is much easier with 
rNKtors as sm.il l as Pi:AC. 

A DFD engine can be luunched into space on .-1 single rocket with al l t he fut'!I 

and propc-llant needed for the mission - r-.o complicc1tcd in- space operat ions 
wi ll be needed. PFRCs cun be used for power on the> moan, on Mars, or on 

manned space stations. We will act ively seek to partner w ith a prime 
aerospace company 1ih Northrop Grumman to build and test space reactors 
and rockets. A space version of the reactor wou ld likely be a hundred times 
more expens ive t han n terrestrial unit. 

The f ir~t product wil l be a 1 MWe portable power uni t such as the one shown 

here. 

S e ll por table PFRC f usion r eactor s 
whi le developing Direct F usion 
D r ive 

A unit designed for spa(e w ill requirr ;;dditional d€velopment time, 

estimated at S years. This is necessary to establish the robustness of all the 
components for a truly hands-off operat ion and to flight- qualify ,;pcdfk 
items l ike the rad iators and heat engine. A 1 MWe unit wit h the same 
magnet design as the f irst terrestrial portuble product wil l be appl icab le to 

many ne<1r -term missions, from robot ic deep spt1ce missions to sur face 
power on th£? moon il nd M;irs 

After the 1 MWe unit is successfully deployed, we wi ll develop a commerc ial 
10 MWe design. This wi ll be applicable to modular power plants and a 

distributed power grid. A larger reactor will have some economies of sccl le 
for the l t1rge mirror mt1gnets 11nd wi ll be less tht1n 10 t imes us expensive 11s 
the 1 M\'Ve unit. 



----MARKET---------------------------------------
Q.\:J $25B 

Approx1rnc1tc To t c1I Mcirkc-t Sm:-

The graphic shows the near-t erm portable power market in the US alone, 
including spm:e. There is ;m immediilte market for 30 units per year. This 

market is not sensitive to the leveti zed cost of electricity (LCOE). Milit ary 
customers include bases, which number in the thousands, forward combat 
learns and ships. The ships market would init ially be small submarines, both 
autonomous and for carrying special operat ions command teams. !=orward 
te<lms ,"l re current ly dependent on diesel and QilS power supplie s, which a re 

vu lnernble to attn ck 

The space market segment is smaller in number, with perhaps 4 launches a 

year for both DoD and NASA missions, but the reactors wil l be 
commensuru tel y more c-xpcnsi<.1e. 

Current estima tes of LCOE of $0.16/kWh would make the PFRC an attract ive 
power source in some U.S. markets and places like Singapore. Alaska is an 

example of a domestic power m.irket with very high costs of electricity, 
where towl"\S would benefit from a sti'.lndi'.!lone, firm power source like PFRC. 
Dozens of to.,.vns would be candid.:itcs for ?FRC rnicrogrids. Other isolated 

areas with high costs or areas wit h damaged power grids include Hawaii and 

Puerto Rico. 

Power options in deep space are current ly limited to those from solar or 

radioisotopes. Sol.ar power drops w it h the square of the distance from the 
sun so t hat panels producing 1000 W at Earth make only 40 W at Jupiter. 
Deploying very large and highly efficient so lar arrays are quite expensive 

and introduce operat ional issues because of thei r f lexibility. Radioisotope 
generntors ;ire he;ivy, expensive ;ind furt her limited tc producing ,1 few 
hundred watt s. NASA is working to develop f ission power systems. in the S 
to 10 kW /(>vel , but they wi ll also be expensive and rc:,quire launching 
radlo.ictivc rn ,nerials. Fusion svstcms increase the sc.i lc of available oower 



by a factor of tens of thousunds compared to the current st.ite- of- thc-- .i rt . 

Amongst fusion systems, our D~D stands alone- in i ts capabili ties. TAE is a 

commercial fusion comp<"lny with about $1B in inve•.ament . They are 

designing a l;:irge beilm- fucled FRC t o burn proton-boron 11 fuel. They have 

.innounced reilching S keV " tot ill t emperature," however,their reuctor must 
be large for th~ beilm- heat ing to be ilbsorbed by the p);:ism;:i , wh ich 

precludes its use in spilce. 

Hel ion is another commercial fusion company ·.-.•i th a va luation greater than 

$1B. They are developing a pulsed FAC with heating via merge and 

compress. They intend to burn helium-3 and deuterium. They have 

announced reaching 9 keV '·bulk plasma teinp~rature," however their !=RCs 

merge in the center of the machine and do not have any thrust mechanism. 

Their t arget power level is also 50 MW1 which is too high for near-term 

spc1ce missions. 

Both TAE and Hel ion are developing FR.Cs for use with advanced fuels, with 

good results for confinement. This research applies to our FRC confinement 

as well, even though the heating mechanisms are dif fe rent . FA.Cs can burn 

.:idv.rnccd fuels due to their high beta, which is t he rat io of the plasma 

pressure to t l'1e magnet ic pressure; t hey can achieve higher t emperatures 

and densi ties even with lower magnet ic fields. 

----TEAM----------------------------------------
-~;.. = 
A team with decades of 
government and commercial 
development experience. 

Mr. Michael Pa lus zek 

Founder and PreMdent 
Mr. Pa lusz~k has forty-one years of experience in nuclear fusion power 

systems, sof tware design, Art ificial Intelligence, contro l system design, 

ana1~,s is 1 and simulation of aerospace and energy syst ems. He is t he Pl on 

our AnPA-E OPEN and GAMOW programs on fusion reactors and fusion 
power electronics. Prior to founding PSS in 1992, Mr. Puluszek wus .in 

engineer ill Gener ;}I Elect ric (GE) Astro Spilce in East Windsor, NJ and at 

Draper Laboratory, where he worked on the Space Shuttle, Space St ation, 

and submarine navigation. He has a Bachelor 's in Electrical Engineering 

()976) and an Engineer's degree in Aerona L1t ics and Astronautics (1979) from 
t he M3ss;achuset t _i; Inst itute of Technology 

Ms. Ste phanie Thomas 
v;ce President and D~D feod 
M s. Thom<.1s h;is been at PSS sincl"! complet ing her SB (1999) and SM (2001) 

in Aeronaut ics ,ind Astron,,ut ics from the Mass,,chusetts Inst itute of 

Technology. She is a NASA NIA( fe llow for th(> study, "Fusion- En.ibled Pluto 

Orbit er and l ander", led our NASA STTR on superconduct ing m.!)gnets for 

space fusion systems, ilnd has led projects on rendezvous ,1nd proximity 

operat ions, defensive counter space, ;iutonomous planning, and sol.ir sails. 

She i s the Vice Chilir of the AIAA Nucle.i r .>nd Future Flight t echnicil l 

committee and a member of the Fusion Industry Association 's space 

committee. She is co- author of several books, including "MATLAB Rcc ipesw 

(2015) a nd "MATLAB M.1cl'1 ine Le,1rn ing," (2017) published by Apress. While ;i 

graduate student at M IT, Ms. Thomas worked on modeling spacecraft 

electric propulsion and plume impingement of Hal I thrus ters. 



Dr. Christopher Galea 
Reseorch Scientist 
Dr. Galea joined PSS after completing his Ph.D in Mechanical and Aerospace 
[ngincering at Princeton University in 2021 (S.B. Aerospace Engineering and 

Physics, Massachuselts Institute of Technology, 2016.). He has e)(pertise in 
plasma di,1gnostic:s, short-pul~ed lasers, and plasma physics. In his graduate 

research, he investigated the implementation of a laser- and microwave­
based diagnost ic technique, Aadar REMPI (1"1.e sonance- Enhanced Mu! ti­

Photon Ionization), in novel environments relevant to p lasma prnpulsion and 
remote sensing applications. At flSS, he has been running the x-ray energy 

diagnostic on the PFRC-2 and working on aerospace technology 
development, fus ion po~ver electronics, and plasma-circuit models. 

Dr. Sangeeta Vinoth 
Research SciMti.st 
Dr. Vinoth is a part- time researcher at both Princeton Plasma Physics 
L,1bor;:itory and Princeton Satel li te Systems. Sile h;:is £.'Xpert ise in plasmil 

spectroscopic diilgnostics and computiltional modeling. Sile works on tile x­
r;:iy and spect r05copy di,1gnostics on the PFRC- 2 ;:ind power elect ronics for 
p!,1sm;i he,1t ing ,ind control , and an,1lysis of radiation on t he components. 

She has a Bachelor's degree in Physics (2002), a Master's degree in Nuclear 
Physics (2004), and a Ph.D. in Plasma Physics (2012), from Mumbai 
University, India. In her graduate research, she pefformed a comparative 
study of an 1(1> Induct ive ly Coupled Pl;:ismil r~,1ctor flow models and 

opera t ing condit ions. 

Industry Mentors 
Dr. Sam Cohen 

PPPl advisor-. inveflto, of p,:Rc 
Dr. Cohen is a principal physicist at the Princeton Plasma Physics laboratory 
with over 40 years of experience and a Ph.D. from MIT. He invented the 
odd- parity heated PFR.C and supervises the PFRC- 2 experiment. His research 
interests include, th(' physics of f ield - n:>versed conf igurat ion plasm,1s w ith 
emphasis on fusion issues, .ineutronic fu~ls, confinement, heating. non• 
lin~ar dynamics, stability, and advanced plasma thrusters for propulsion of 
spacecraft to remote planets and beyond. 

Dr. John G. Cramer 
Prof()sso, of Physics 
Dr. Cramer is Emeritus Professor of Physics at the ~v~gl_Qn___ 

in Seatt le. His research interests include quantum opt ics, nuclear, and ultra­
re lativistic heavy ion physics with over 300 peer-reviewed publications 

John has served on Program Advisory Committees for multiple large 
experiments including the 88" Cyclotron (Lawrence Berkeley Nat ional L.ab). 

He presently serves as Chair of the E:xternal Council of the NIAC innovat ive­
projects program of NASA. John i s a prol ific author whose works include The 

Quantum Handshake - Entanglement, Non/ocality, and Transactions 

(Springer 2016), t he science f iction novels Twistor, Einstcin 15 Bridge, and 

f:ermi's Question, and over 200 popular-level "Th'-" Alternate View" science 
co lumns published bimonthly (1984 to present) in Analog Science Fiction ond 

/:act Magazine. 

founding Story 
Princeton Satell ite Systems began in 1992 as a consu lting company 
providing launch support serv ices t o S('veral communic.ition satel lit e 
launches1 including Cakrawarta/lndostar 1, Koreasat 1 AsiaSat and Echostar. 
Once wt; df:!YC!loped our commcrci,11 ilirc:rMt and spilc:ecrMt control 
too lboxes, we beg,,n offering tr.,inlng ,lnd MATLAB consulting, helping our 

customers dcriVC! the maximum utility from their purchase. 

The company's commercial software is used worldwide for engineering 
design. Our advanced research for agencies like NASA and the Air Force 
keeps PSS's software on t he cutting~edge. Our research has resulted in the 
award of seven patents, ranging from optica l sen sins to proximity 

spilcccrilft mi"lneuvering to t,nget t r.1cking to fusion propulsion . We hilve 
co llt1bor.1ted with Princeton Pl;isma Physics laboratory on fusion propulsion 
since 1998 <1nd f irst presented the Direct Fusion Drive <1t t he Defense 
Advanced Rese<)rch Projects Agency 100 Y€iH Starship conference in 2011. 

The inventor of the PFRC, Dr. Sam Cohen of PP Pl , is a key advisor and 

collaborator. 



----VISION----------------------------------------

~❖ 
A bold, inspiring world of space 
exploration enabled by our 
patented DFD/PFRC technology. 

f usion propulsion will cause a parad igm shif t in deep space missions. 
Missions will be simpler, faster, less expensive, and rel urn more data. 

Similarly, a small, portable fusion reactor wil l be game-changing for surface 
power, enabling manned missions and supporting industrial applications. 
The PFRC wi ll enable big, bold missions without requiring the launch of any 
radio.ictive rnatc-r'ial. 

A family of PFRC reactors of dirferent sizes and using differenl fuels can one 
day provide an ecosystem of fusion power, from sing le-reactor off-grid 
remote <lpplications to modular power p l.ints bu ilt from dozens of PFRCs. 

Our visio n is t o milke t hat <1 realit y. 



l"'"""'""'"""'R<'°'"''D 
$SOOK RAISE SCENERIO 

Our immediate goal for t he proceeds is to support our newly awarded DOE 
IN J:"USE grant s. In t his program, the grant money goes to a federal research 

lab or universit y to perfo rm essential work fo r a commercial company, and 
t he company must contribute its own share of the work - "cost-share". We 
have been aw;-irded $600,000 in federal funds which requires us to 
cont riburn $200,000 01,1cr about 18 months. Thls supports critic.ii model ing 
and analysis in heat ing system opt imization for the PFRC as wel l as bringing 
a diagnostic to the PFR.C-2 machine to measure electron profi les. 

With c1ddit ional funds, we w ilt t.:ike d,1ta w ith t he ARPA- Energy - f unded ion 

energy d iagnostic at maximum machine parnmeters - the highest nrngnel ic 
fields and heat ing power wt~ can generate. This dat a w ill both demonstrat~ 
the perf orm ance of t he current heating sy stem and help us design the next 

machine, PFRC- 3 , w hich wil l heat p lasma to f usion conditions. 1he gra phic 

show s ;i rough breakdow n of funds for t hree scenarios betw een modeling, 

exper iment oper at ions, hardware, and general business expenses. In the 
highest funding scenario, we wil l be ab le to purchase and test equipment for 

the PFR.C experiment that can then be appl ied to the PFRC-3 - such as new 

more efficient ant enna designs and pm,..,er electronics. 

----COMPANY--------------------------------------
• ~Hite Systems, Inc. 

Princeton 5.Jtel li t e Syst ems, Inc. is a sm,1II company extending t he st,,tc- of ­

the-art ln energy and aerospace systems. We are acl ively developing 
exciting technology for electricit y backup, electric vehicle charging, fusion 

propulsion, lighter- t han-ai r-vehicles, solar sails, spacecraf t format ion 
flying, launch vehicles and spacecraf t control and nav igat ion 

E111p l u y l':ee Counl S Pe ople 

Foundi ng yeat: 199 2 

Company tvo e Pri vate 

-
Nucle,1r fusion development is.:, substant ial r isk t hat we c<1n o ffset wit h 

pilrt ncrships w i t h ot her f usion ent ities, espec ially those pursuing f ield ­

reversed conf igurat ions (FR.Cs), 

Risks associated with Qroduct 
Our product is not yet ready for commercial deployment. 
W l!. do not have, an opNt1tin9 fusion re.Jet er. Addition,1I rescorch -ilnd 

deve lopment are needed to produce a funct ioning fus ion reactor and to 

design a reactor usable for space applicat ions. We may encounter 
unexpected delays, or may never have a product accepted by the market. If 
t here is a lac k of up take by pot en t i,"ll customers of il new product , the 

company may not succeed 

The PFRC reactor concept has not yet achieved fusion or propulsion. 

Addit ional research and development are required to demonst rat e that PJ:RC 

can achieve fu sion with a net gain. We may discover unexpected plasma 

instabilit ies or the sing le heating met hod may not couple effic ient ly enough 

to t he plasma. The fusion propulsion system cannot be fully lestcd until the 
reactor is producing fusion. The propulsion efficiency may not be high 

enough for practica l use . 

.Operational Risks 
PSS has its foundaUon as a software and consulting company with lim ited 



Team 

Vision 

use of Funds 

Company 

Risks & Disclosures 

t:lfpt:r1t:nr;;i: pruuvr::,ny nuruwun:. 

PSS was formed in 1992 ;is an aerMpilct'.! consult ing cnmpany tlnd launi:.-:hc;d 

its first commercial software product in 1995. Our f irst i:.-:ontrai:.-:t relating to 
fusion propulsion was in 2016. Our current and proposed operations are 
subject to all the business risks associate-d with technology enter prises. 
These include likely flt.Jctu11tiom in operilting resulh as the Comp,my rC<)Cts 
to development s in its market, man;iges its growth, ;:ind t he entry of 

competi tors into the market. We expect to incur net losses until we can 

establish a consistent base of customers for the Company's product. There is 
no assurance that we wil! be profi table or generate ~ufficient revenues to 
support our opera tions. 

Economic and lndystrv...rirn. 
Evolving regulations governing nuclear fusion power may impact the 
Company's business and prospects. 
We ant icipnte U.S. and lntcrnntional fusion regulations wil l evolve and may 

impact our operations and business success. If new or changed regulations 
are introduced, they may limit our ability to market and sell our products. 
and services to customers. as well as. possibly limit our customer's ability to 
.ipply our products and services 

~~general economic conditions 
Our business mode! is dependent on our t<Hget customers being able to 
finance t heir own operations and interest. Our business model is thus 
dependent on national and in ternat ional economic conditions. Adverse 
n<lt ional tlnd inter national economic conditicns may reduce t he future 
interest o f our t arget customers, which would negat ive ly impact our 

revenues and possibly our ability to contirlue operations. These f luctuat ions 
may be significant and could impact our ability to operate our business 

l. No mon~y or orher conside,aCion is being solicited, and if .sent, will not b(! 

accepted; 
2. No offer to buy the securities con be accepted and f'IO part of the purchase 
price can be recel'.1ed until the offering statement is filed and only through an 

in t ermediary's platform; ond 

3. A prospective pvrrhoser 's indication of inleresl is non-binding. 

Because money cannot be collected until the Form C is filed, invttstors who 
express intereM during Pre-Launch will receive on emaiJ wit h instruction.<, on 

how t() conhrm and officially invest. Not olJ companies thot Pr~-launch 111itl 

go on co file o Form C and faunch a campaign, especially if they discover tl)o t 
lflere is not enough investor interest. 


