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An early Chinese gunpowder rocket.
Source: NASA, Public Domain via Wikimedia Commons

From the Chinese gunpowder rockets of the 10" century,
to the Saturn V rocket, to SpaceX’s current Raptor engine,
rockets have typically been powered chemically, i.e. sticking
a bunch of stuff in a tube and blowing it up. This has been
the best method for most rockets throughout most of history,
because we need to get a lot of stuff from the ground into
the sky or space.

As stuff is heavy, and gravity is a thing, we need an
equally strong force to fight against it, hence the relatively
simple, and high thrust chemical rockets. However, once you
get into space, more specifically orbit, our inertia can fight
gravity for us, giving us the freedom to use propulsion systems
with less thrust, but more efficiency, greatly reducing cost.

But how do we define efficiency?

When it comes to rocket propulsion, specific impulse is
usually used. Specific impulse is defined as total impulse
divided by the mass of fuel expended (M) ', i.e. how
much use you can get per kilogram of fueIT,ntaking units of
meters per second. Curiously, this has the same units as
velocity, and as all the values are from the engine’s exhaust,
we can guess that specific impulse is actually the engine’s
exhaust velocity, and this guess would be right.

Therefore, we can increase our specific impulse by

increasing our exhaust velocity.

The top part can also be written as change in momentum, and the

whole equation can be rewritten many different ways.

14 | d1s=dng

However, specific impulse is usually measured in seconds
for simplicity, which we get by replacing mass on the bottom
with weight, and then dividing by standard gravity at sea
level. This leads to a very nice intuition that an engine with
1 second of specific impulse burning 1 kilogram of fuel will
produce 1 kilogram of force (i.e. levitate) for 1 second
(assuming this engine has no mass).

Now we know what specific impulse is, we can discover
why it is so important. Rockets are all about bringing stuff
into space. The more mass this stuff has, the more fuel you
need. Unfortunately for us, fuel also has mass, which needs
to be propelled by more fuel, which has more mass, etc.
Also if we need to move our stuff while we’re in space, we
will need more fuel to move it, meaning even more fuel to
get that into orbit.

This recursive cycle of fuel needing to be supported by
more fuel leads to rockets having their mass taken up by

fuel.

The Saturn V rocket.




For example, the Saturn V’s first stage’s mass was over
94% fuel’, not even accounting for all the tanks needed to
store it, which also increase in mass as the mass of fuel
increases.

To examine this more mathematically, we use the
Tsiolkovsky rocket equation AV = Ispgoln(Z—;) ® which
governs the change in velocity that can be gained by a
rocket with a certain specific impulse burning a certain
amount of fuel under ideal conditions (no air resistance, no
gravity, cows are spheres, etc.). From this equation, we can
see that change in velocity scales linearly with specific
impulse, but somewhat logarithmically with change in mass,
and by plotting some values, the full extent of this can be
known.

To reach low earth orbit from the ground (~9 km/s
needed), it would take the Saturn V about double the fuel
that it would take the SpaceX raptor engine, even with
such a seemingly marginal difference in specific impulse
(263 s vs 327 s), and this gap would only grow as the
required change in velocity also grows.

Now we know why we need it, we can now turn to
achieving a higher specific impulse. As we know, a faster
exhaust velocity results in higher specific impulse. So now
we need to know how we can accelerate the ions to a high
speed. If we first ionize the propellant atoms by knocking
electrons off of it, and then place something with negative
voltage in a direction, there is a difference in potential
between the highly positive potential of the ions and the
negative potential of this object, the ions will move, as
charged particles move when there is a difference in electric

potential (a voltage).

2 https://www.nasa.gov/wp-content/uploads/static/history/afi/ap10fi/

pdf/19700015780_as-505-a10-satum-v-technical-info-summary.pdf p.35
® Change in velocity = specific impulse (in seconds) * standard
gravity at sea level * the natural log of (mass before burn / mass

after burn)

The Raptor Engine:

A testament to the power of chemical propulsion.
Source: SpaceX, Public Domain via Wikimedia Commons

The more negative the potential of the attractor, the
faster the ions will be accelerated. This is the principle which
makes electric propulsion work, and it can be scaled up to
be many times more efficient than a chemical rocket.

However, electric propulsion systems also have their own
constraints. Firstly, they have an extremely low thrust when
compared to their chemical counterparts, in the range of tens
of millinewtons for even the largest thrusters, comparable
to a sheet of A4 paper at rest in the palm of your hand.
They also require large amounts of electrical power, and
this requirement grows the more efficient the thruster is. As
specific impulse is proportional to exhaust velocity, and
kinetic energy is proportional to the square of velocity, the
minimum amount of electrical energy required to run the
engine scales quadratically with specific impulse. Therefore
if we need to double the specific impulse of our engine, we
would need to just about quadruple the amount of electrical
power if we wanted the thrust to remain the same.

While the sun can provide a limitless supply of electrical
energy to our satellite, the maximum solar power able to be
extracted in low earth orbit per square meter (or solar flux)
is only about 1.4 kilowatts. The best solar panels can only
currently operate at around 30-40% efficiency, further

limiting our power to around 560 watts per square meter of
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Mass of fuel required
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Specific impulse vs mass of fuel required to enter LEO, Plotted in Desmos. Blue is SpaceX Raptor first stage (327 s),
Red is NASA Saturn V first stage (263 s). Both Isp values are for sea level. Graphs use a dry mass of 1000 kg, so they fit within
a reasonable aspect ratio, although this doesn’t impact the ratio between them. If you want to try this out for yourself,

remember to multiply by gravity. Y axis: Mass of fuel required, X axis:

solar panel area. Due to this, the mass of the solar panels
required to operate such a thruster may very well outweigh
the fuel saved by the thruster itself. Furthermore, the added
weight and added complexity of a high specific impulse
thruster may also cancel out any fuel savings.

With this information, we can finally examine the two
most popular electric thruster designs: the Gridded ion
thruster, and the Hall effect thruster. [To be continued)] @

iU
Jetrin (Jet) Chusacultanachai is a sophomore (ﬁﬁﬂmﬁﬂmﬂﬁ 4) at the Hotchkiss school in Lakeville, Connecticut. Jet has had a love
for Engineering at a young age. In middle school, Jet competed and received awards at multiple international robotics competitions,

and is now part of Hotchkiss’s FTC team. Jet has also founded a rocketry team to compete in the American Rocketry Challenge, and

other related competitions. Additionally, he is currently researching the feasibility of a CubeSat which can transfer from LEO to GEO

using such thrusters. Jet takes joy from sharing his love for Engineering with others. He teaches kids basic Python, and helped run a
rocketry workshop for children with the robotics team last year. He aims to expand his knowledge sharing on science/space to inspire

a larger audience by writing this article and more. After High school, Jet plans to pursue Aerospace Engineering as a career.
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(J B = i ,
KauAauazudUWAIKOMSiADD:TS ?
nanAiadulainguIanInag1nInNEyUMasau
NITINANNTMAUNT (escape velocity) NINUAIDDITUT AN
' =3 1 v
mnnenEuey ¢ lifezlamgneananle
Tudvadamand deaiisfigaoesguife Aoy

'3

¥ EBant (Schwarzschild solution) 28aNNTEUNN [pUalR

2GM 2G6M\ !
ds? = — (1 === )czdt2 + (1 == ) dr? + r2dQ?
c°r c°r

Tapdi M Ao NIAVDNNQNAN (kg) , G fip AAvTiapvA
TNEY (6.674 x 10 11m3kg1s2), r AB T2BEANNYAAUINRY
gaamgumauiqafisidosnmsiarnulés (m), c Ao AN
WEY (2998 x 108 )

WasA dO? = de? + sin20de? \JuszueniBaeyiug
(line element) (B3ENI1AY “LNATNVUNTNANTDINA” (metric
on the two-sphere) AxNuiy WaININNATUMASUIRTZHENNY
lufmsonauaaviif (FavaLilss) Gﬁﬂﬁﬁamm\mamm@‘[mﬁ

-

WnAFARJuaeeRf (19 AuRizevgnuaanansalval
wihlan@viianudusesfifilvimeglusimasnfif) unu

pudUsznaudanilddmsuusstnodupsefiamepoefiie
ay dO i d Tdufiiansnan (colatitude i) longitude)
soudmqueiiiausnszasmvamzlufimsanani
ddonamilifiusumilmaviniaszslumadnenmdda
(Schwarzschild metric) fiasuafviigians Hfsaunguem
Tudeaw Faeliininssosmeszningase ¢ suRmsanas

v 1 v

sounguanluiina 0, ¢ Idadugnsey

o o o

Ansafnadlunilfe Safvngdan

7

- = 26M
s — c2

fifin “vpuiiimgnisal (event horizon)” Mfulduuy

serigemeameusniuus g lufliasnsosduano

ponanld udlanawaosdaouiogd r = 0 Fofudumioi

ANnulAvBNNMaIMAlADIUA vEennaiinmans3ani

ANELNANTLATN TN UL
48G2M?
c4ré

K= R,waBR”"“B =

AanansiamdiulAsysunuiliiadanuldvny
159#-1a1 (spacetime curvature) lumaufduimsawialy
FofurmanmuiasanulAviiul (Riemann curvature
tensor) Waisnihifusnguiuiiasazlfainansfiuanseiy
aalAITINIEsAYR-nafiAnNINAURZ ARSI M 99
1 q lupame

RuvaBRuvaB - (r-0)

rilievilisnFendt maziengiu wszmsidainans-
gl (K) hln&oiuduladsgi-naldseuliannse
finlasvadnsaadaviofandladndaly lilgud
“ussltiudavge” udiu “gafaunisduimsninilule
AmaUN NINARe (divergent)” naNIBNBEAD NN INHANE
wnfiisngantulsldléandely

NN (black-hole shadow) iundngufideinnle
Bwmumamani lasens EHT dayanmeaildan
\W3ngendevingsi ¢ Mlaninsuiulurenfiamasiie
srvifundoviafiaufifidusinuguinaewilan viwldnm
wmguanduan Tasldnwngue Me7= Tull a.a. 2019 uaz
Sagittarius A* (Sgr A*) filananvniudndniedviianlud
a.A. 2022 AviliiulunwrguiAslsumuaindsusey
vinadiedvlilismnnzionguies uidiunanislévenuas

usvlndwauimvgnisnl
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ngue M87* Tull p.A. 2019
7132770 : Event Horizon Telescope Collaboration, NASA

Sagittarius A* ilanawnuandnvirvidonlull a.a. 2022
7137770 : Event Horizon Telescope

aduANNlTiNE (gravitational wave) ALuvdngiuid
Uszinddnatnefinuluil a.a. 2015 Taslasemslaln (LIGO)
ATIANLARUANN TR NSRBNT T TB QN HENAY
Usngmsalillivissiusumstoguomauaudiomedeya
Aenfunia My uazwinssiemasunqu Aunsnw
vhluluannzgeindndas dvaduanaliiudalugasiean
(ringdown) wisnsuiuilsvdusevsesiivensiweud
wignsalingasedneig

grufvnsviiunvauataaedsdn ringdown Aeesls fil
winpfvgrgaislumgnisainssuiueesauimasydu
vasnfisadunguensuieiuds naudlnififedadil
faliiafiosuazazduaziisundsvniziouazivas nanedy

MauELABS (Kerr black hole) finyulfuasiafivsnumgug

q

o @

wimsa Wil

fladensfiagasvevaniziengruilifuilgmifiinie
Unineneansuuu noejunseswulas (Penrose) LAz
goiAy (Hawking) TugneIsss 1960s uaasliiiuinmels
Jeulevialy nmsguzonnasnillgniziengw Tugmil
U5gf-naliaansavenssiald aunmsvevduinsawily
Tigansovinedvfiaziindusiely dumsnee “ngmefiand
ANLVIRY” ﬁﬂﬂgiﬂtymﬁv’ﬂul,ma\m%%mLLatﬁmmm&m%
wnznnAnziengIuiady uaavhilanaluiagiulisuysal
LazmnAziangulifiade waavideeingquilnidudly
Fouill# TastlaqiuAfinisiausuuidalval q anafuns
59T ANl

1. anulindavidvaipuduuuugy (loop quantum
gravity: LQG) wnAsilaueh masimalisaiievusilssney
domaumian 7 aswalifillaanuldegeann aazlifu
UUA WALAANITLANLENAIDUAN (quantum bounce)

28 | disdng

2. NYBHEAIV (string theory) wasWHUDA (fuzzball)
noufansvuavimgum Wlsingiifigeaudnateusifiuns
FOUNDIDIAINULAIBUANTIUIUNIIAE TN “fuzzball”
Fvadnaniziengiueanly

3. ‘Viqmﬁ LLUUIﬁJLfJuLaﬂgm (non-singular black hole)
IMsiauAINAAWYRY 19U aNeALNSAY (Bardeen black
hole), lWASNEN8IA%A (Hayward metric) Baunufinnziangiu
FuunUNARTNASIUAIDUAN

4. mswasuangueunaue (black-to-white hole
transition) Apnelungueenaszisundunaufurgung
(white hole) Hunalnaaudn Asan1s3laiAanianina

nsfsInanmIAansaisiienathummeasyueey
naufmani dnasmanieradvinaainzunaLmaue
wnngilandlwdwasulassasslndosviinmgmsal on9
fonaiuldanndnisidesiusesiafivmguiniania
donalwanlsisduresuas nsfindovinmssadaauin
wignsainuFygralwarlsdseuvgumdetisanauy
wimdnuazwanaan visenaduinadesasiuspniuay
Tndwdlifvauinmansaluuuasdalidons

Gevsnvowmaquendiaiilusiesiuieisliiuan
Tafifinmeunslelinans3oahuina1nfe fiv The Black
Hole (1979), Event Horizon (1997), Contact(1997), Sphere
(1998), Interstellar (2014) A18I5BYNDITINITHENN Y
duanauruvgue viouasaue luguziiulszgdanly
gaauidusugiununInA (wormhole)

wisnluudtivosnweuadlslnnais 3evenalinsedy
TanAnasy ma‘ﬁmqmﬁﬂsjmmmﬂuﬁm\aﬁ@mmmm:
gauiiingmsailiadunnavlilivieanin idviayasie

o

TaguaoSaaianasllungus deyatiuasbismunsnasnin



Wudgoiaudnfld udnisuksefeevaadae (Hawking
radiation) Tum\mqwﬁmawﬁaaﬂam\aahuaaﬂm o L u
Fyanafisauuazgnamevionanauifioulisnansosle
fimgiauanasds s udtlom wistviiuaninsedaasfed
panugeunn dazdisiadeyaseludissliusann
Aounanswa Sndudoedinaluladuasnaremeufofd
Fulullfidasnaguiswnalwaifnassmesnniiszes
nA1PD9iNTNAENEMIAA uLAILaI9nqumaagy
dovnanasnummnmanazldimaluladfilifluiagiu
wdfifwnAndemaeifidniZndnanfemieuiu (Fud
nsléguuou wiedndnGunde azwiulovaln-1simu
(Einstein-Rosen bridge, ER) gﬂuauf‘:LﬂuIﬂiﬂﬂ%ﬂﬂmﬁﬁ
adiamansiunnglunguidninsa il snanuudn
yavlpvaladuaziumu 15y (Nathan Rosen) viwiindiifiu
plwdvdomvanlumanimei faureqaasseiiogiing
Mumdnlidaeiu wilumdsliwios mmziuazyud

' v
a =

FoviuiifiAatunn dnfuiioitunsedegld infiand
\eupdpeliaansulan (exotic matter) SoflgausniTAf Ly
AnuUnfluninfismuludinyssaniu wu e1afienuvuiuiy
waNUAnay IganduntvgiususInAilasg(d
Tilgmznmeunswindu lusfwsiaddidnases
(Macross) 18y Tumwaussais “Toki no Meikyuu” (BFDEK =)
WIWNAUAINIANEAT (Labyrinth of Time) e Bovde

NNADUIVVBY Macross Frontier AHELNLOIUIZLAUNITEY

Idumvound
s ——>»

d=wiu
Toualau-Tsisu

uwaAmzavupunIaaswiulodalmi-lsioy
fuiflunwanludfoinia

idulAvAagan

wuulda :
(WuuusAaBONQUHN
punNATALAUMYEDULDAY
naulupasudula)

Wdumvouna

A

daAu TInvensNalaNiRnzasiueni Ul R- e

Tugowsziandeagluanuiisuuaulng

e Funz & wvien) Fevmaviulunusanzesinsin-
#awwes (Protoculture) Tusauanutiuenafugaguinans
gavlaseausgi-nafissnuuuvieneliifiulssgfiben
NugVupUDIMAVIBUszRIWad (Fold gate) insunsiay
wav (§evevisaviariulnadazidusinszdulilasead
mMavuaImMaiey masihwihiiduddvsesaidaldeu
swuauaImalumlunusaiues suasiideeanlylils
W BN LESTINA WAL UN U UWUINIA NENIAD LRUNINY
gn “wu” sudseaAf udas Inadauae” Wdvgalaiemy
fivala (wszion) oy Tnsyaremeenafiugasudyain
(receiver station) iiianAUBnfusBIFMUPUBI L AIRI LAY
nausdudoyavdefovlidalafiduls

Tudl .. 2013 UinAnenmanide sau daaisun (Juan
Maldacena) WaZLalouN5A SREAUA (Leonard Susskind) L6
LEUDI N19RANUAIBUAN (Einstein-Podolsky-Rosen (EPR)
entanglement) Auazwiulatalmi-lsiou (ER) a1915uiv
ey A doeseymaaiuiu dusiaioy
Tifumatignuauinaldn 9 ieaivanseymant dmoud

v
N v

figndey luewnAneaiis “murumsiaiu” Weasns
desnsfiadosniinnsseseioaifeiiiuld Anfiaviingues
nadansrpudnludagiuuendinisiaiuldaansody
dayald ds18091 ER = EPR 959 mswiunavayna
sewivgaaavqalusimeaiasnsidonlovrugnisusuia
1 doumstemsrumaisiuuieshidiniuavioradu
“waszvion” gavmiidonlovdslaseasrviunbgi-na

FaensaNesadulnadfiinanieemasiy Labyrinth
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iy pdufissiounduazusindineudnly wadewmiioud
LASBYBENY (ampilifier) ﬁsimwﬁﬁﬂifmmmﬂﬁmmm Tunnv
nqufimuangwesedeudld wenaldvausduiasy
fuaraualradnsld 91alisdeduaiulaenisysy
nsnsshivhlivgusaesaduiaaymald uinsauaw
Tuseaufidavnisuaznsneasiaduninilinasnnfsodu
Tuldennanndumi

wiadnszuaunswulsa (Penrose process) fitauslng
Roger Penrose 1ufl a.¢. 1969 iiafsndsnundaniusan
Pnnvqueniivguld wnAsdyafonssenoviodewdenu
ynuavieasinaflsfsovouiningnisnivesvan vy
(Kerr) 91 mavsspiaguinluTuessinailesudavhldunn
\urevaiu axldnmilinnaslulungue snzidndaumil

HHADNNINTDNAUN AT TUT LNNT U

of Time T “pAud I IAanTRuL9RR” vSaARanT

JagtunyudiAuAInMIIaIaua U TuinAf LT

“quszifiouigi-nan” ivhlaseadv ER = EPR ven8di
uiingamidanlnasziumuing yadnuuudo wavaay
Fungoniimamaiusevinsnanatsiiugnusuasy
Tapandenatiomassesmaluladlulusugaudinsin-
Aaasia A UL
SnuwnAamsldustlominnuguenis e1aldusngmsal
gipfisiApus (superradiance) Svifiunsansadu (1gu

Tudavannnssuiuseiu udlanaivaswmguedoasiiu
Ui wiisasdidoyaanniu uddomiinnziengiudie
3wvdafutiivedeiiassdudinadamansfsvlalas
mafgal uazuAnflandeausinuslindamionguius
Toiudaoidemausin wilvluihmnsgegaossilandads

Alunyaviuseldnaw e senisldvuaseinF-1an

9

atvAnLilpvdnaall wADIALARANNAIDUANYDYFUIN LTV

ARuLadnlwin adultinda) Nasiouruweslnafss | TdudaeilFoandn graviton Afvavsanisnasavluauian

folpsy @&

I ENRHELRNHN

Event Horizon Telescope Collaboration. (2019). First M87 Event Horizon Telescope Results. ApJL, 875, L1. https://arxiv.org/pdf/1906.11239
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Event Horizon Telescope Collaboration. (2021). Polarized image of M87. ApJL, 910, L12. https://eventhorizontelescope.org/blog/astronomers-image-magnetic-fields-
edge-m87s-black-hole
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(ergosphere) IDIVANAYINU LT tisIENARUANND NN RN

RN HHETHIEE

https://en.wikipedia.org/wiki/Kretschmann_scalar
https://en.wikipedia.org/wiki/Riemann_curvature_tensor
https://en.wikipedia.org/wiki/Schwarzschild_metric
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[
MY Gmasunnininiussmeaividuantszvain linss
mMungeg auranudlieinaduguaine wazifiodu
guaimeafazlifeomeavisaunale ¢ dhandudaiuayn
Pp9 I AanaY fodusnamsl3naus

uriwantinfundudinfusumioufuiumumnadeiingy
dhanluaanfiennia seufidnanasusnni Gond uasden
(airlock) G9ifuravtsuanuiueINa wanwdnazldnau
pslsdnatheitagnonaulanslng naudenlany nawdioehe
INJUN 7 DU

Forhauls .

Wavuasaanvavanidainauiuimanuniulsusuavey
nauuazvaveanlhduluieina
N1 - NASA, Public Domain via Wikimedia Commons

“959 ¢ lupama pauliimsvslanauaslailain” e
#138°U (Helen Sharman) 1ndueinIAALLINYDIENINDY-
1UNANTNAN

'
~ A ¢

pauluLsellUsyanseLnannilednadl

Y

(Mir) 28y

'
=

svunmleBun Tugmusinied Anwdagiumnzaziensng

9

LDINIES U

Aaufiazaaniiunie aziamssd 1alauan (Alexei Leonov)

Influpamagulnaiiiguatniusimeannafidu ¢ vudsiu

ayulwaidn ¢ Wise Sudulieduga (wormwood)
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“oamasulnlatinduaslsuilsun” wowdn “luanimusy
lindaven emasouassdladlidesd drmsanlildindu
viidevedudannluge”

iielyinananuAndvinu islaulaiisesiieeuge
ﬁoﬁmﬂuiwzLﬁagmﬂﬁiuwuiwwau T WNzYEIADINNT
“nAunavdin

wazluunsdnansafissniiaslgnausslsdnate u
snwuadeniionne (Laznau) tuiusoouss !

Aalau 9 aaAdldusaEs §IULBIRUNINNEWINY-
p1adng Aviiwnduludsfvayulng dufiuindusinialne
Juadavidugian (FUpUEDTHIANADINLEY)

wifihwlanlaffelusnfiiseyhnisia wafewaasy
i uniuianunassuiiuonami iiuldaevaniaiueana
w§130181 uazdisfviundudinisiugesuesden dvuan
fisinduidnanluaynde “ndu”

“siumlourvmauiizniudn nansumuslulugyonsa
sufindumdounduidonlans”

naulanelnd ndulvingese naufududdivay

“u"LuLm@:msm@awﬁa”mfayﬁgm” \BEYA “YOIWTIE
. findur

Unfuaudufismioutuinauiumioulalou wilou
diothanden viesslnazans

fifie..nAuzpveInIA |

aailoamads (Mir) vevavmwloiden
NN - NASA, Public Domain via Wikimedia Commons




Foliilasuilatinauuan 9 wanisnanlnu uazanld
pevls LwiLaLauL%a’hmﬂﬁumW:Lﬁmmﬁummﬂﬂﬁﬁ%m
pENBLATU

ﬂy’\iﬁme:mmmauNmﬂmmﬂﬁ%ﬁuﬁﬂﬂﬁiq@mmﬂ
wit ou eugeiiiuag Sanaasiidunssnmedisaammaoinie
g uasiishdmnasioienndwuasnan (atomic oxygen)
wan O dpvanyng

DLADNYDNEBNE U199 IMEAnDLUULAIMA
waziAgaviionnasi q fisveanlusnaonil uasidinf
naudsnludieluy Suferaiufisedueendauluians
finglugond nanedulola

pandlaunzaan (0) + aondiau (0) Tedu Talou (©)

wawaesldAnauuse ¢ adonaulans nauflimisuman
gniusy 7 auiaUszneln

wituf iy uAaNaAgIu vAudadinautiuptaiiing
thinn supradunfusesemnnsfimelud Woaaszida
ey sueneliianasna vaiiiGonth wedlsadneslsundn

TalasAnsuau (polycyclic aromatic hydrocarbons)

Tuianawmaildevassagininima wildlédwazan
wiiff wansuumssesuresmsneiudalyizesasam

vulaniseesuludwiu huhiudy luafuaines
Tndf Sufie “nauzpsnisuninllianysal” wio “nAuwey
luanazovizsAiu”

nauwovlalou tawame wan I {ued uazUiite
pondiadu vluianafindumiiouisiusu vwlianad
nawmilaugniugy vfmiiousuzassninaisuns
yonuaaniu na1efiu “nAuudivingna” Adagetindundy
auulan

ilaubnnauaznanni “suAsnauiduliudy”

uazuwitunaulansivsidusnaflidoeasiousasdnuus
(Big Bang) wgmsaimasziinaselnajfindunioiany oy
uidasuaziusuiidasesssmdindevansiudndiou
wamsaiivih s fasmelasgaseil mafiismolaldde
NININWANIUINIEHDDNBIAULRL LA 9

vnsitssdnnusluisesndusathmisiulnandtdu...
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W soriniimilslulg duiBnidnayniumsGouiiang
wazsthminehazidenSaurusiindammans wetu
UapviedovaviFouiugdsfiandosnodu namans
(mechanics), uslwan Wi (electromagnetism), QUNNRAMENT
(thermodynamics), NAFNEATAIBUAN (quantum mechanics)
wandrewandzidandifuimdeamzauanuaulazey
wiazAy Wy JagAmans AFnddnles Afndaynina
Fnsnaine TasmeinlunguilesilfasGoulumanin

Re

upgivennsdfseu 13Fefevanguiudniidiraziiosls

U
Waenavlumantiutie srasddulnaazaeuduide
NLABNATIAUIUITYDILARLYINU LRLANBUENITIIU
aziiulufiunsdide Maguunanaizims uasyaanUsziiu

wanuwdsuiusdnluudasiide tamsondiadig
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What we observe as material bodies and forces are nothing
but shapes and variations in the structure of space.

- Erwin Schrodinger

AW : Public Domain via Wikimedia Commons
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