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propelling us into the future
(part 2)
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A Hall effect thruster in action.

Source: Jef Janis, NASA’s Marshall Space Flight Center is licensed under CC BY-NC 2.0
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Gridded ion thrusters were the first to be designed and
built. They take a propellant, commonly xenon, but others
do exist, and shoot electrons at propellant atoms. These
collisions with the electrons knock off one of the propellant
atom’s own valence electrons, ionizing it. To create a potential
difference which will accelerate the ions, we can place a
sheet of metal at the exhaust end of the thruster in order
to accelerate them to high speed.

We then cut holes in it to allow the ions to go through
the holes and propel the spacecraft forward. This is called
the accelerator grid, and is the basis of our thruster.

However, there is a problem; there is nothing stopping
these fast moving positive ions from hitting the accelerator
grid, wearing it down and eventually breaking the thruster.
To solve this, we put a positively charged grid in front of the
accelerator grid, which is called the screen grid. As positive
charges repel each other, the ions will be repelled enough
so they do not hit either grid, but not so much that they
are repelled from the accelerator grid itself, causing most
of the ions to go through the holes and generate thrust.

Finally, we collect the electrons left behind by the now
ionized particles with magnets and we shoot them out
with the ions to neutralize the spacecraft. Without this,
the spacecraft would eventually develop a strong enough
negative charge to pull back the positively charged ions,

essentially making the propulsion system useless.

neuiralizing electron gun
o
@ o ©
©

magnets

electron @

negative grid
© clectron positive grid
@ neutral propellant atom

@ positive ion

diagram of a gridded ion thruster.
Source: Oona Rdiiscinen, CC BY-SA 3.0 via Wikimedia Commons

14 | d1s=dng

This is the original and most basic form of the gridded
ion thruster. Pictured below is a diagram of such a thruster.

The original two-grid design has since been improved
by adding additional grids in order to further increase
efficiency and durability. A 3-grid design adds an extra,
neutrally charged grid after the accelerator grid to prevent
the ions which have not been neutralized from coming back
and hitting the accelerator grid at full speed, increasing
the maximum safe potential difference, and therefore the
maximum specific impulse. Modern 3-grid ion thrusters can
hit around 4000 s of specific impulse’.

In 2012, the ESA also tested a 4-grid design, with an
extra set of screen and accelerator grids to extract the ions
from the ionization chamber in order to further increase
the maximum potential difference. This 4-grid hit specific
impulses of up to 19,200 s, still the most efficient ever built
(excluding solar sails and other methods which inherently
rely on outside forces).

On the other hand, Hall effect thrusters do not use
physical grids at all. Rather they use “virtual grids”, which
are electrons trapped by a magnetic field.

In this thruster, we have a cathode (place of negative
charge) placed near the thruster exhaust and pointing
outwards, and an anode (place of positive charge) placed
inside of the thruster. To begin, we apply a voltage across
this circuit, creating an electric field which points spaceward.
This also pushes electrons out of the cathode, which attempt
to move towards the anode, like in any other circuit.

However, in between the cathode and the anode, we
have placed electromagnets, which create a magnetic field,
trapping the electrons in their middle of their journey. This
crossing of a magnetic and electric field also leads to the
Lorentz force pushing the electrons around in a circle around
the electromagnet, causing the electrons to spin around
the thruster really fast, upwards of 400 km/s. This flow of

electrons is called the Hall current, and is also where the

' An example of such a system is NASA’s NEXT-C ion thruster, which is a

3-grid thruster with a specific impulse of 4100 s



thruster gets its name. As these electrons are prevented
from reaching the anode, this magnetic field acts like a
resistor would in a circuit.

As a result, a potential difference builds up between the
cathode and anode (negative potential near the cathode,
positive potential near the anode), which will be our main
method of ion acceleration.

While all of this is happening, Xenon (or some other
propellant gas) is being injected into the chamber, and is
slowly moving spaceward due to diffusion. When they
eventually reach the magnetic field, some of them will
collide with an electron, and some of these collisions are
energetic enough to knock an electron off the propellant
atom, creating a positively charged ion.

This ion is then launched out into space due to the
aforementioned buildup of negative potential near the
exhaust, and it takes an electron from the cathode with it
to keep the whole system neutral. The electrons in the field,
after colliding with hundreds of different propellant atoms,
eventually lose their momentum, and drift closer, and closer
to the anode, eventually entering it and finally completing
the circuit.

However, even after accounting for all types of collisions,
there are still more electrons reaching the anode than there
should be. This “anomalous transport” is why Hall thrusters
currently cannot be simulated accurately.

Hall thrusters typically have specific impulses between
1200-2500 s, although some designs have been tested
with up to 8000 s. While they have lower specific impulses
compared to gridded ion thrusters, Hall thrusters actually
work better than gridded ion thrusters for many applications
because they are generally much smaller and lighter than
a gridded ion thruster, while simultaneously lasting longer
due to them not having physical grids for ions to run into.
They also typically provide more thrust for the same power
as gridded ion thrusters.

While the most efficient thruster ever produced was a

gridded ion thruster, the electric thruster with the most thrust

Cathode Neutralizer

Boron Nitride Walls

Anode/Gas Thruster
Distributor Exhaust
Axial gy

Electric Field

Inner
Magnenc
oil

Magnetic Circuit Outer Magnetic Coil

A diagram of a Hall effect thruster.
Source: David Staack (Keenan Pepper at en.wikipedia), Public
domain via Wikimedia Commons

ever produced was the University of Michigan’s X3 Hall
thruster, which used multiple nested accelerator channels to
achieve 5.4 newtons of thrust. This force is comparable to a
water bottle resting in your hand instead of a sheet of paper.

Currently, most satellites in LEO usually use Hall thrusters.
This is because such satellites don’t actually need to move
that much (usually they just have to tweak their orbits after
launch, stay in formation, and de-orbit themselves, if even
that), so efficiency isn’t actually that important beyond a
certain point; The mass of fuel is already quite small, and the
mass of all that extra power infrastructure is comparatively
quite heavy.

SpaceX’s Starlink satellites use Hall thrusters for exactly
this reason.

However, this difference in efficiency between the two
thruster types becomes far more significant when we are
faced with longer missions, as the extra fuel needed to
accelerate the spacecraft an acceptable amount is now a
significant enough portion of the spacecraft’s total mass
such that an increase in efficiency will correspond to a
significant weight saving. This is why gridded ion thrusters
are favored by missions which venture into deep space, like

NASA’s Dawn mission which was sent to the asteroid belt to
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SpaceX’s Starlink satellites.

Source: SpaceX, Public Domain via Wikimedia Commons

investigate the protoplanets Ceres and Vesta. This mission
required a change in velocity of over 11 km/s, much more
than any LEO satellite would ever need.

In recent years, much discussion around space has
centered on bringing humans to Mars, and ion thrusters
have been proposed many times as a possible way to bring
enough cargo to establish a habitable base for humans on
Mars. While there are currently concerns around transfer
time, and other practical factors, their potential cannot be
denied. The required change in velocity to get from low earth

orbit to mars is approximately 9 km/s under ideal conditions.

NN LT

Y

To move a 10-ton base from earth to Mars, the NASA
NEXT-C would require about 2500 kg of fuel, while the
Atlas V’s second stage (which launched the perseverance
rover to Mars) would require about 66,800 kg, not to
mention the weight savings in the first stage. A fuel saving
this significant has the potential to be game-changing
when it comes to costs of turning humanity into an
interplanetary civilization.

For this reason, electric propulsion may very well be

the engines which propel us into the future, one ion at

a time. @

Jetrin (Jet) Chusacultanachai is a sophomore (ﬁﬁwﬁnmﬂﬁ 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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Foflumailituiuauenadusesusy MiFwaaudil
fauaniAgesinusanuildnig

AR UL BT co-polarized WA cross-polarized
axfufusassnluSeaTANBILaZANN Y FINEY
pnuvzasuluien Tnadmnuilufoaiauantfser
wasTaaYIA i auliy (isotropic) &U cross-polarized 3¢
el uazdhemasruused mafiasediniuudfienud
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sotunsasnuuuunluSanramanzanazgas 1y
UAN[AD t9BaszIEI co-polarized WA cross-polarized
FedANINEIMSUNITEE WA RUETA I TS ULaAIN A
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ANENHUEY WAZENNLEND) WRAWLESBU (cross-polarized
fiovlWiw) wianm

=)
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mwamnaevyanssAlBidnassuuan iiiulasvasvasauuly
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781070 : Rmdigh, CC BY-SA 4.0 via Wikimedia Commons
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Tomalmilumaiannndndusiionisuasientuge gunsal
wasuuumnldly wu nuanfudianeansfiusulvdhiu
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qmuﬁman*ﬁmé‘szﬁ’ﬂmauﬁ (15U Varjo XR-3) gunsal LAZINTNNANNTIARBULMY (motion sickness) JINEY
warifianusunsalunisuassamitanuazieeszdi | anududuivesdoyagld duyusesguninifoge uslu
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Initial State Final State
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19: 1-10.

54 | dis=dng
Pad



uauaﬁuwwu.m:

noumz-nn KSD floodﬂlalrr lUL}s.uuut:mnmuquon::IU'tunswaum

 ws:an auuuuzf apvlumANa1v saupqns1uaotnswuaods.lnnlnu
| ucidou 1UUs-uuu13nn‘tnaa wipvoNidmMsasvou
ua.s-uuvaUs.mt,i jutuwuRduthua:s thaouthed Us.nauy:.. 2
msujauuwun'u)u naZa'mu WuRlnuaskuLLU ua:iAUC -

Ve we oceo




NN NIMANUTYUTO-UNNETUgHUAT (V)
Avgemain (@19
NN : AYIUN WUIFUAY

56 | d1sdng

Zuaﬁmmfﬂ 70 Trou srwviinauuilfiggrimainviage
wazgnudvaauiululunaensovd wasdviithazmneiu
avlsijuwanog wsitlqiuanmiguimgldenainn lusmi
yivhmaindwar Zeuazsuatnmd s1nothnwd enie

upsuen S univlulinuissaslss mealne winiu

AiMaasudvNdLVIv
ysdmannin3e-Urnndaseuaqulufsiediueey
sunathuad dondandugs dssduanugennimeia
thunawsuszna 3-5 wes Inofuuundondssasiuil
fA BN 3 uis e Qmmuuﬁamﬁmﬂmﬂ

]
A

ONUMUUIIATIUA UAZENTUIINAL9EAN Tfudivs

394317 150 M NAlalung
Nufidrmndoduundinihdnuasundngui uasd

vvsuidsuduiivnaiodadh Wy yanthiase 9

v v !

MuimnTa funneusssnaAndunasaug vyt

q

2 o A

FeinfideFandt “ine” iy thnien iy imeng
devnnadeneudliativgguimain Neeudodunaeyuou
azfianmadiaimefidesUimgiufmemedomswintiu

svdsd3anavriviusaul

yermaininiFe-tnnafdnsuzuiisiuguens
vwiamussssund vide “udnavsssuma” dugainsses
urhusuzne Tassuhmainantsuhlugnenuwieni
wnlvnjuazwithusduyFuniniilugggimanseming
\ieudemanivngeinisuvesnl deuszivaavggui
VNULNIADUAN
waspanhiidninasnarasiinvevdniuasiizh
Tanamzan Tugguwinngs danitlévindraglunuavi
PUNALEN ARBYSTINTIA Uazusih %fhmﬁﬂﬂuvj\ﬁmmﬂ
sunstaiiirnunlsugninunt vie “dhthan” wiam
013 waNtiugIele adugguulugifoungrimend
Funay dBuansananvuasinanduganinsssui
Uarazdsanysnduasgunasit ggiifugivinaimes
PovNnnIINMITulan Wanludalaiasugia lddasiu
danama dandy daades Uaiasiiou danadn Uandeu
Usvne Uazela Uagn Uana Uanlva 4av d@amgnuan
wazzflafiaunaidndovgasanainiaioviedulatasndy
avltiulamuunavh Wndamauananuuivids o0

fzhondudnjeniwing lemanandnlullsely



M0 : 3778 FUNIATAT

MvNUIBUYE9QMALALTEILNETINT AR RSTVINTH
sruvinasevjaimainluduariGoseasanamanmans
yawiwlgemnsiisuysal Tujmtinhifiswacdnivainsie
dothanasiivy g wazunthdnuann nuieuntinarsman
wdpuazdunivarsiusewewidaninendelugguun
wTﬁ%umﬁmmLﬁuﬁyuﬁlﬁwﬁmmaquﬂius:ﬁummmﬁ
(Important Bird Area) fitfuuraaNnAvLRLYNS92 09198 826
2 9ila UIUTINNINNT 2,000 67 wdadiinidudinauing
aouyst uanatiunemivamszesnzunazimin
saute iugiassgisianmwuazmaviavifisadeiing
swoAniuszungiilyaniosiusssgusuiifanlunng
Famsuazlfusslominiwinsssneifvaeyviivanni
Indgamalvanuszmnalng

v
] °

yirainlusuariiFesintviiufiseudredududiu
naugaTineeey “Uandiauwes” (Trigonostigma somphongsi)
Uandslusfaasnumavussivuasjvunimvainoeviisgy

%

AANANABURIY NIBAN LRI ALAIWATIEWTT U
iy Jagtiunulssanstandranwesngugaviazeslan

TiamzuAvnuaimanuisiuasiuideusolndido
winfu Tuntihudosnahudogy Uardaauwedmariasmay
pAupgmumAassvuasivan i usuaviFeR BonToeiy
yvlnmssudslomisuaiFodefinnaiiuiisaiuoa
Tidis 1 meilawns fodu “BusdAninga” (critical habitat)
fivinfiniswasuuas sunu uasimunidelaseaseiugiu
1o ¢ il adraunsdguiugotnemaiso

rfouKaIN UKEVSOUSOU
AJIWKAINKAYMOBIMW
FUNWURZAUNWIDITUUTA AR iauﬁ\m\iﬁmmﬂﬁ

fifvuviing [fipananumatanvesiusdutsadioglu

]
Ada A

U FININANNURINYDNBHA LA UTL ANV RNNTIA N DY

[

gnwinAn AUt gduuna i La s WSS A AD
MIATITNVDIHAUULRERITINERNT NNHANTENTITDETFIU-

1y
aaa

sufugnrulunimvainiiZe-nwanud Auididany
nanrRIEN NI gINN wulaneagnetiny 96 vilna 19 Y viey
pthotios 10 wila dedazifiuhazifiuun wh uaggi 10 28 9tle
wssilsthathoiian 36 wila uazwusiinsduiignsu 7 sila
Hudnd 3 viin wesaulith 4 siie Wuandeiu 2 vis

ISSUE 152 | woramsu 2568 | 57



v
] ° ]

s e-thnwduwdsiituiunileluiundidy | deiadnimusan Wuuvawisnifivauaz@nenids vy

nMIANNNRINTRIEN IR gNUsdzne iy | Sudusingnuesiifinuacannuiunemnee1is NsTTHena

] v
A o a

nufifinaviniandnananainsfiouasiduundvends | Augusuazegsamiuuasivlalumeiusgioiy @
yovrilafilndguiugzeslssmalnouazaolan (Juiuil

_—

Jardaia JarSonemvoind Jaia:tweunav
Notopterus notopterus Rasbora dusonensis Barbonymus altus

Jarasosuniun Jairsinnade Jarandu

Acantopsis rungthipae Acantopsis rungthipae Barbonymus altus

Jarqnae Janawkaov Jawynshe
Trichopodus pectoralis Hemibagrus spilopterus Barbonymus altus

Jaxdaa Jaasou

Trichopodus pectoralis Channa striata

Uars:la

Channa micropeltes

Jawnuaun UarhuaB1vikgu Uaalnaun

Anabas testudineus Pristolepis fasciatus Monopterus javanicus

dreenvanasugnanmuluysiimanyuio-Uinng

58 | d1sdng



L s s S

Juinsoinw fnoxdau
Sayamia bangkokensis Macrobrachium lanchesteri

JahdaninA
Rohita rohita
KouMULIQU:LIDY
Pilsbryoconcha Ko8Uua¥y
Jainainsi: linguaeformis Filopaludina polygramma

Pterygoplichyhs disjunctivus

JarQniunay
Clarias gariepinnus auun E')s\)l}ll.c’l"l

o C . - Hoplobatrachus chinensis Microhyla mukhlesuri
Uarieauinuluyahmainynuie-Uinna

Wgesdmauiuedasiduisnsiu

vaesv

ciud
Enhydris enhydris Subsessor bocourti Hieremys annandalei

o / < o 3 o ol o .8 | =
973QH'?WJQGL‘W?'JUﬂﬁ?U’/Léﬂa"fﬁﬁ??@ﬂ‘lﬁWﬂZiJZiﬁJ?Wﬁ7f]W7L58-U7f)7’Vﬂ

ISSUE 152 | woFanmisu 2568 | 59




a1 9UDIKUYIODNKADY
Uticularia aurea

uzn2NU Auwcihne
Elaeocarpus hygrophilus Sagittaria guayanensis

ghodh Uotiiau
Oryza rufipogon Nymphaea nouchali

anulkaadadv a
noktvdoua:3alo
3oV “dusnunv
ua:dandoauwouy”

iiguln
Hydrocera trifloral

yamanuidauvanalgvesnssaliiiege 9 s 40 vin 990 24 396

60 | d1s=dng



Write It Right?
Fwrmnga=naf

21001
1181

&

® nNagussu1sSnis

nothsaniukanAAwn

¥ | oA

Yurwain wie fiswdvionde Ao Wufinwguiidin ivanainluviaadveggdiasssuilaiulszdmn

q q
' v

WWistivggunrain nmdngude floodplain udfitmaAsglunauiynsuvaissnin Wy Oxford,
Cambridge, Merriam-Webster uiluionssuarzatulagiamzluenansiin enanuifinisidieu flood plain

wuiuIsaa Collins u33qlivieaned Tasssyiuuuiuassadunsdouuuenidiu dnuunfniy
Duwoudunge Tuwauynsudwityafisevdiinnunstudesanioidouuuuiiuissaguiu 9
flood plain f® futhyiandy aevlsAmunsdsuwuuiamuinwuldesnd

ysaupam s maniuihasiumiioutulve aamauynsdwityaRsngimanses
sinus st udnogn @i dmann aseiuamsiAI spate, freshet lag@131 AN AANEN1Edn
gmsfth naussuasuriudnuniasund s dvias a3y flood Tas v fanamaned

=l

Tnavan 11 visgariuauauiuivioduladmily lumvgnniner dddvisaesianuanallude

v '
=

AusTsnmAnns i AnaN I davsuiNunUnfn Warsazivng lviay

yugfianeuzewimainiy fuvhbadvwmioutu wiii nanainuvhadvusdasduuling
W@auINAUNUNLENINNTY IR WUIAAN T AINENITENIN BWATUYIIN 1138 flood pulse LHATU WUNART]

upsmasuavzanthuuihuasoimanmuggmaiifudomesssumnd bilddussmnd Wunssuums
i lfAnMsuanAsumsesuazavaEIraInraT BN i BYITULT A
Snnileiithaulafie gfiura (toponym) vansfvioanuiifidemudnsuznivssimaviossuma
fiindumuiosiiuiu Yoinainieefidunisluinngmsaiideldiindnsusmenmonmianed
yaviuiivas v aufaudsdaanuimaniumuamniidnng wu Wv... @ulaelfimnzign) vues..
(Lmd\‘iﬁﬁﬂuvj\i) UN... (Muin 9 vaafuiambh) Je.. (Lmd\‘iﬁwumslmj) FomaniFuduiiou
ﬂuﬁnL%aﬂiﬁamaqﬁisumﬁﬁLﬁauimﬁuﬁﬁﬁimﬂﬂu‘[uﬁuﬁ N




UsSrnAu Ifgunay

"
.4
S

s

as.msa 1agdlwlsou

{ ot

).

Wan>wgavugooinMswangnuuunNsuldtdiu Podcast styms Sci 1y v
dagansans:dng  BoldusignisNsousIURAUIULDQDDINYIFANFASUISOUWAASUA:

trA>WSUUsHEUALhEUTD  IM:aans:uadnenAaasingua:snenAaaslaniuwsounu
NNJUDYAISA 2 ta: 4 yovldiou MotwsUniwodagansans:dng Ksoaamugourav
A https://www.nstda.or.th/sci2pub/podcast-sci-in-ear/

tuansoqu CID\)INU(U“UU'I“DUUBUUU lS'ID-.DUDiJ'I\)IS

uludavéneiiiovnsall ?

AewuamosssusiadallunktivtuauloduiduodAnyidonacdoouinauovnsoinwe Tagawa:
28108VNMsUUSUSIUYDLANIWANITDINIARD:NSADIUSULSVLAIAQDIUDEIVSIAIED ADUIEYOA
SauRgads nsoinwe d:dovindryiuthnoulga:duta:tn:lakyugodu rhlifiaAdIuNaduce
mstEBatuwuitonatoon ua:thiugmsavAmuiivnwldululdtumsdov “énadniu énetlon”
néoUsulUasUWURDEDAUtUDLNAQ

UountheotienwunuAIULUAYNIVD KIS (food security) vovlngogivlnasa Bowsn
Us:inAlngo:0ndwaauauysad udndudaoiubupomooimsagilus:auch Aosudu 51 uavlaniud
W.Fi. 2563 (Global Food Security Index 2020) anmqhénmammsﬁomsﬁwﬁuns“wemssssumﬁ
AlUkun:au AlUDUs:ansnw msdamsndsvaAnynsiAwldssumonomans dosunstiuo
FoAlusRanuisadsuoinmsthith uibuiavthlddoenssanisAdus:ansnmw

wusMumssudionawuaiusunAaSvdovIUasUPINMSUATIYAILAWIKNILUU “&@$10AuUnUDT”
Ugmsasio “Woowsousunnanio:” (resilient city) widvtunagnsaiAtyAonisns:oratlon
(decentralization) TagugngmswauunoanlUgWunsouuan KU 2:BVINST BaUS DEseN IWaaso
WovlkiADAWdaKkeugoLa:auIsnsubonumstUagundaviddniilasvasiolbooii usnond
FutureTales Lab goduwuio:AoAugidsiwamamsainewudsulnduaviboolagiow: lagldvoya
dwumsluéauuLJaoQDamm (climate change) WWugu Woad vAUWSDUTUNSSUTDDELAURDVA
tus:aQuLlov @

s1oms Sci Wy EP. 17
FutureTales Lab
uovaunalng usvaunalan
woundumuailGuldn

WOIUDENISUSKIS AUE3S8DUINAOMAAS

FutureTales Lab 1asg MQDC

https://www.youtube.com/watch?v=vchDOD_wyLM

62 | d1sdny




@gmﬂuﬂninﬂ ; :

@ e 00 0000000000000 00

0s.u1de §333sssuU

KovUukvauukvudvuazaadgintnadu uakdvUukvuindunu
ua:AudadgINAINadU udauwiamsaluaiwwasuudavia
doomis$ovs:Un 1uasIVYL KSardSUTUla

- DDKU DAAYT wad

Years of drought and famine come and years of flood
and famine come, and the climate is not changed
with dance, libation or prayer.

- John Wesley Powell

AUINIW : Grand Canyon National Park, CC by 2.0 via Wikimedia Cormmons

DDKU DJAY Widaa
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Queen Sirikit

ANAgNASUESNA
Cattleya ‘Queen Sirikit’

nkawA3uaSAa
Rosa ‘Queen Sirikit’
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. Wrightia sirikitiae
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Mitrephora sirikitiae
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Nymphaea ‘Queen Sirikit’




