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Vehicle, Johannes Keple
time earlier (21:50 GMT
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l ow orbit destinagi on a
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planned to deliver crit
reboost the space stati
f oompnth mission The el
darm2 is in the foregro
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Warp Drives: A Curious H

DrR. LBERA. ACKSONV

Dr. Albert A. JaocKOLE® ils wemdi Waor pt hFea cWoorrl ,dog earse ragplp | d xepdl droat
of the Al AA HolBsti ®mc®e ¢ti icd n otnh ec ofnaveing H to nil visarlpar system by
astrodynamics tCdevreil @adfil. ¢ Gehreer2idve. o Soon the Solar S
mittee, a Fell Rwdglfe ntbreeg rBr isthioswed t he pil otfcame too small a
I nterplanetary f®%tcdretymetkanus ena,r pl @tréirve hast heo shtearosn eb eocfk on
Al AA Associate fF«leldow,p @&rsd aatthweo cedod essotd enh jesmteoma reksa balse at h at
Vi siting scienttiryt at the Lumsiu-perenceo arshdwed @ofcompreh
and Planetary Institute in modern prose s@riasnmkeoff ivwhatoni.n
Houston, Texas. All the SF f anTshet hgerreeatwefraet htea nsc eosf meoadretr.n M
ent husi asti c asbcoiugtnciet .f iLcattieorne maSrFk a b 1Jeu | veass a

Dr. Jackson or dga&miezeviasand a \hearln waanyd ,0 fe stpheactiaan diyng Ht.hGe i mp

hosted this evéadamtt ewi twh tdiuas tnwedlells odfi d hneo tE ®BpoenxcieaIln Renleart-i vi

speaker Dr. HanelrgriaSennykd nds eolfv easn wiiatuht hfolr dgshpt e eodu t1 iorhi tt,h et

Whi t e, NASA/JSCGouro, except,soalars,s yhset emas Smi t h'Ssk yelamarrdkyl at e

al one, no one was talking taenssmaories show

Technical commihtitmee Iwevent upTheo ihpfm sainodn oduss pdaicserfed g agrhat f o

pages: www. aiasaid, fGee, | isnutroe nfiocédceorgnn i ZF® gtr worsael oscpeed | i

houston.org. an al most ¢ ompcluertree dn oemserni-y . The basic phys-

clature from pircoss ek nsocwne nocye Vierr tneer satnedl | ar di s

fiction presenweeld s n waosur ttrédrmésd e dnewdi tbhy s | o

play.o Konstantin Tsitod klonvoslkoygy . Hkeans

mann Oberth ankdoWsokhye rfti rHs.t saw

He said, f@AYou ohdodua rdd Ii nwaos gseorl @ rda teinagn nsetea r-s

and am an avid nrge apdheyrs iocfs . Tehx tse nwaesd pti ac kfeWlo r

modern scienceupfibcyt iwrni t er s tthoe bherciolmei amt Br

prose. 0 A few eyneearrgsi nigatperroslel eemn eDeasamonmte nBer

donot think | kenoouwnd ahsa vsec iaepmecerTh e cWobohd, SFhe

Below: A graphipG giaMm®& fhfi @M t(honoeu gnho tae's t haan &S Ft, h ee vizenv iela.r |y
our publicity fclryolyd foGT aldhi Scenr;s .was more than space

event. See the flg_ure on theflight.) 't was John W. C

next page for dgtygiel Snel MFI9& he first supewith a degree in

credit: Dr. Harsqlidnt20n %Y i nrorlcong itehse al 9v2i es@u kaen dU reisvpeercsi iatl ¥,

White, NASA/JSGr somrr@mekiberisy iisn the 1930s, th6oneiwady an |
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ands(b93Bpxamdi es +t hadamgebowéx up the problem

Mi ghtiest tMawhkilne keeping timelines run

34). 1 dondét think GR isparall el . -tAinme her spa
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0Os, sciencea fmedthioadn oWr intdermeset ivee sé oxmo oif - t he Schwar z -

e feeling aarmfni nchchtby stclkgeewed d sol uti on of the
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Inflation: Alcubierre Metric

Whi t e, NAS

Warp Drive Metric:

Space expansion

Shaping Function:

ds® =—dr* +(dx—v, f(r,)dt) +dvy’ +dz’
A

behind ship

Apparent speed

Shell thickness  Shell size
parameter parameter

tanh(o(r, + R))—tanh(o(r, — R))

fr)=
York Time:
O=v, s

expansion/contraction
df (r,)

2 tanh(oR)

//t‘
Location of
ship proper

York Time is measure of

of space

Space contraction

in front of ship

Dr. Harold “Sonny” White
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1960s had insgiamdd r®R | wrsi twactldo stelde iKd @a Tdifor n

to use t hteinmeauss pm@gcea wor mhalad .e BHhaurdreets at

shortcuts wunt islugigte sh eda me aittth®a gpam bd £en ar oun:

was shown thatwowand od ego ;d hiwdh arto f @lr msr atfhevat

way to get kiltlhamn! a bl ack Malie.edHdwe hwer d iaf
wor mhol es ar e pteo maen end d do,ff faro n

Then, when wr iFtTiLn ¢ otmimal nn g¢\adaicen r ar? tTrhaen aa-ns we

Contactar|l Sag@aersagaoen, thenaitdsue af hgtgabiyl i

asked Kip Thormse.,ant extFeymelwy tihmgonrotr amotu so n e.n

man Professor lof 1P®HYsi Mreetl er and Fuller
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From the publicity flyer:

Warp Field Mechanics 101

NRnThe goal of tiimebyreackroestikeéi ahabiitghltie wor

cannot be achieved with even the most refine

exhaust velocity and propellant mass require

| evel required for photon momentum transfer,

i mpossi ble. To circumvent these | imits, it i

awaits di scovery For example, iif it were po

bet ween the craft and its surrounding space

the energy requirements would drop from expo

et hdamght travel becomes possible, then the I

bl e within a-MamanMikalulf epanFodundation.

Editorés note Attendance was 65 or 70 peopl

NASA/ JSC Gilruth Center. Most of the charts

ntrs.nasa.gov/ archive/nasal/casi.ntrs.nasa.go

mation: http://ntrs.nasa.gov/ archive/nasal/ ca
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AstrodynaPhob-Gesunltmexor abiMarBr ans
|l njection Countdown CIl oc

DANI R.. DAMO SARODYNAMIOWNSULTANT

I ntroducti on

PholGosuRtissi a's sample return mission target
mar ked this nation's return tloongqtteirptl an.et al
from Bai konur CosmodZemetckEKhzakhB8t Alnvambpr a:

This actual | aUmRERhooGmMaamamideved a nominal Earth parking or
ot hefrl oamsn event3444t2%94tHKme initial Figure 1 ground track t
wi t Phalbbasumitssi bhe LV". This event occurre®hdiGominstparaei ol
pl anning and pdrfooZ hhietceond st age.
specifications _cited in this arti-

cle, are obtai
sianSpaceWeb. c

noted other wis®& =i
= 2 5 N Yed02.s
< \ X

3

These apsis he
ferred from US®
1 ine el ement s
with epoch 9 N
at 09:33:24 UT°\

881537y Ko 3
s sty T
L /

%
2118

150 120 90 60 30 0 30 60 90 120 150

Figure 1. This WbohobGasumatpplidhued rat@esnd trac
Throughout thigagkgi[pglgfbiat inse-rl\/ltairsnimmle«xmgﬁ)n_t\@'ml\ﬂtlr)tar_ltnmrkn:
"“burn" event r(ffreerdﬁ(rtedj |ha{er{1néd1e spacecr aft is in sunl i ght
operapnosaaint Lok e e A Tae e oy
glrgtplmnilOprzﬁqsgﬁr‘billrﬁﬁif:ﬂfgzEIBEP and "PRhEBdsumeiaghtAndlaowcd i Ear. t h
which refers tc?nz{‘r?tiaﬂsetd'gﬂfﬁSWeew”th_ X ground thab(krsuhmatrkers.
ous approximatipdfn@@dhcﬁgf‘aérﬂftO{Twl"Std’]\ee'de-p‘axas nNgostpacecr a
or more burns \Dda Ifdtabfef C0,[on,[}.§ed|stance from Earth. I mage
PhoblGosutnrtaj ector y.
After sepZepRhoobBa sivmaosm t o havebpenf dMmetdoadep
orbit and intercept Mars in September 2012.
insertion (MOI ) DbRrrentdtrweg pe rons tealgemgdihafro vd oapsu
sion.agmaes hypergolic propellant and is equ
TMI burn. After depletion, these tanks are
rai sed apogee to 4100 km. This event i s mal
of f the West African coast.

Al t hough tel emetPlyoasag eictei paesgdsdd oaoower RuUSS
l aunch, no transmissions from the spacecr aff

(Continud8d on |
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eframe so confirmed the f
nts cou Beokossumdaakiedg wi b
1, but hing resembling t
receiv from the spacecr a
rel i abAhyo BBoosavmdasn dever est abl i shed after | aunch. The ori
I y

mat el decayed on 15 January 2012.
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This article wildl maKkleo Bbm usat 4 teanps wer e xpn ablne wthy per form

T MI . Rat her, the intent-idmnekeci sy Dglapoifmmgki egt( mate t he cha
ma.n Wi Bvhb utdhgiest , PmombBa suladunch season closure is estimated.

the Earth parkPhgbGomumidt uahtty wWauebhed is assessed to estin
| atest sible date on which the planned mission could be
i s re d to have closed on 20 November 2011, this seaso
recov fter 8 November's actual | aunch. Foll owing this
down
faile

a
h
c was set t oPheoxbpa su dtaird homplay ka nfewrdhays paane

o remain adequately aligned with the required Eart

Consequent
to any int
mass in | o
l aunch in
slipped | a

, sRhablsa it hyiporn hred d cvadry scenarios i s highly

pl anetary tr anslpaourntcaht icoanmpaari cghni tpercetpuorse trieognuiinrgi n
Earth orbit (LEO) prior to its departure for a
ch a campaign also initiates an Earth departur
r by more than a few days.

Esti nalteegdin®dh/ MOl Capability

TotFdlagmlaangel ocity fahpdadlriauingt defomed as the sum of two co
ponents DguabBtDiLbhat The firgt icompememated with propell ant f
FIl agmandrop tanks and applies exclusi gy to TMI'"s first
capability is applicable to both thhessbmand TMI burn and i
tion,casdesitmpl i fying afbagpmanos asemapplitoddti mpul si vely

t o maxdcmi zBhi s reinforces the "l atest possible" pedigree a
closure and |l ast possible mission recovery estimates prese

m
r
b

Data r eeevsantmatta on are as foll ows.

m { tot al s p Zceawiatmd t atmasrs and at first
m{ depFleatgaddtaop tanks mass at jettison
myJd usparbd pee | | aflta gwaesosp itnanks = 3050 kg
M.k usabl e prdpalgihmamt mmys$s FdivOH 0 kg
Isd FI agmamer gol i c propul sion specific impulse = 333.2 s
gl gravitational acceleratidén at Earth's surface = 0.009

wlFl agmamer golic propud s od. 2 akimts speed =

urn ignition

T MI r
= kg

b
335

The rocket equati pcdrepandarettser mines both

Dn=vwlLng {m@Em)} = 0.837 km/s
Drn=vwblnf@Emerm) mao-mfhrmsi-my2)s} = 3.902 km/ s

Summing these colgporde 739 kmdaduces

(Continud&® on page
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Esti mPihhoebBoarsulndunch Season Cl osur €

I't is essential t da wreel coocg ntiyz évgaghueiord eord dardtth ¢ vaiatn h
boGrulngunch season date assumes no | aunch ha
ment is the sum of DirwOdirg-@me 0 N eBretcsa ussuec it htehsaet
assumed to be instantaneous, the first is co¢
pl anned with 2 burns. Since | aunch on a pr e
parture Oy sst rassisrutmee,d per fecthyyi Poads gumeed. pe
retrogr adBnrf rreeen dofr iand radi al and planar ste
A heliocentric elliptic transfer arc Bnnect
‘Addi tAhoontBad umits -Hel i ocentric velocities at the termini of tt
sion planning beuedd@aatyi ¥ @) U€o pribdmtelenr sd | spéeed at t g arc' s
gether with a lindt iM@néegeedi mdreted- at tphe arc' s arrival ter.
tion, reveal the |l aunch season of
interest uti-di Aéds TR uint (3 sHymed to be movi MHguri 278 &inr. cu

way) Lambert bod@hd&ryScéhmei average of
tions with hel 0Oddéht Ooinc 8t Neyemper 201
arcs betawed n361BA.A

Paptsbosindteagthu sl pEawvt k
1 at 20:16:03 UTC. \

&l Earth's reduced/?mass = 398,600.44 km
Physical val ues EEM':rREEbetthE@E;rrzﬁ__d13u6s km6378'136 k'm
and Mars provided " in this arti-
g:gpﬁ{glggagglbgjdaézcr?e;a, tsc}behl‘]ce&heorpvnhwads to an expression
zopnd ine solar s ’
and ephemeris coy, - % |
service at http: ™ g = .
ssd.jpl.nasa gov/?hor|zons
Foll owi ng Pi mlkrsmsarmtsl\&OIon pl anning calls for t
of a-cMat®red elliptic oHabi 80wbOoBwkamBDHIOd kime i |
With the following dat a,
&l Mars's reduced/i>mass = 42,828.3 km
Ru !l Mars's radius = 3394 km
o= Ru +Hmo = 4194 km

amo=Rw+ H{+Hwmo) / 2
patched conic theor Ywheads to an expression

2 " 2 1
AV. = e T o T A L_ B )
Tvor a

Mol r
Mor Mor

In practice, a set of Lambert solutions is ¢
Pholcosusngason, beginning with 9 November 201
Earth departure date and other Lambert bounc
The solution whose Mars @rfrowvatl helasg et riesudd s
mi ne whet her olRisol eBige t Mikhmi malt est | aunch d
Dr<Dicis the estimated | aunch season closure
anal ysi s.

The estimated 28 November 2011 | aunch seasor

(Continuéd&@® on g
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Figure 2. The blue curvebDpanPhdhbGCssupdomnclchdatmécl es growt h i
is delayed from its actual occurrence on 8 November 2011.
Dir=Diryi+ Diyoicur ve firsbicleixntiete dpsl otthteed i n gray. Esti mated | aur
son closure is therefore 28 November 2011. For reference,
Dryy and the red c®xpore plots growth in

days |l ater than that previously cited from a RussianSpaceV
due to intentionally optimistic assumptions associated wit

head VIadimir Popovkin is quoPbdasimsttwitndagwon 14 November
for Mars departure wdul dT hcd 028 Nonv eemabrery 2D0elcle nifbaeunch season

sure estimate may therefore be Dfgcnasn dbeer erdg gd'uigne gtnhcee beanii || pya rik

by technigues Hauch as increasing blog at httop://
] ] ] ~www. pl anetary. or g/

But the ent iPhe Brissnagwsicihos eafson cl osure igrac@adempeoosdbenpt
mi sl eading, in the context of actwual | aunch having occurr e
demonstrated in the next two sections, that | aunch i mposes
before even 20 November 2011.

Esti mat eldmpSuilnsgel eT MI Latest Mission Recovery D
The tot-atwvetbamndgeg MEagsusiorce nathebdGaveimiths si on recovery
foll owing actual | aunch on 8 November 2011 is the sum of t
DiR =D+ Divoy FOor a specified TMI dat Bwdcnoinipioanteinntg mi Ssi on r eco\
is identical to that required by nombmal mi ssion prelaunct
component wil |l generally bieqordersteetihnmg theoggbcehérancgl
boGr ubharth parking orbit plane into one containing the req
bound for Mars. Assuming this steering is done simultanec
increase (th-eomssestvaftmpel sanglteategy), associated vector ¢

illustrated in Figure 3.

(Continué&d on page
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= \/v;m +v, -2v,v, cospf

EPO  TMI

Figure 3. This geocentric velocity vector ¢
are geocentric speeds. The first side (smal
vepdpefore TMI . The second side (|l arger bl acl
hypervwwilnamedi ately after TMI. The tihard sid

velocity Drgeasisttcedat ed with TMI as computed
t he st eebiisngzDeghogd es irmmi Jweso as previously co
nomi nal iy sion' s
Compubiisngnot a trivial process. -RE ghubhoalro sUS S
Gr utnrtaj ectory in its Earth parking orbit are
mentumcvacgeocentric i ncerstinalPmapGoamst oAbt hoy
at any instant, excess chas pPraelcewsts Bvaerstt wag de «
day. Meanwhi | e, asympipeitsi cs | bawml tyh cdheapnagri tnugr ew
centric inertial space due to Earth and Mar :
bet ween a vedtsrequdyphhphbnde wi PhoGesumdct t
Earth parking orbit plane at a specified mi:
ti @dns" posivwhpwe nthsen nt o the hctmi shbef el Wbwsa
computes. its value

‘A similar q#alanti

PR - — 1 1 _ 2

is routinely usec & ce v,

International szﬁ=90-acos{cv }

(1 SS) operations, : : .= = he

same sign conventiaon. of . L . .
course, this pdh&mdOdeIPdmgpneomputati onRhopcadimgsseonppecaer
cwith respect tdod tjag oS UpMmnpairii zg€dg i n Table 1.-i mpud ket dilBBandat -
ments. The onlmyisfsdrPd‘a%éaﬁtoé’lery option existed for little 1
di ffer cbe oing etxhe | SS

en
replvwpwé s h the Sun's (Continudd on |
tr

geocen ic position vector.
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able 1. Hyapomarep u lcail on gefqouri rdeimmegnlites B h @ Mo s

rumitssi on recovery is assessed on TMI dates fBO4dylaowi ngcéad
O compare wi tMryevoarlrueessp obnedcianugse t he f obimerz earss.u meShsriacpet rdiil nyq
nf Dkt )@as mi ssion recovebye XITddreldasy pproptup cnedceapabBBbi kyp/ s b

ovember 2011.
R— 2011 Date at H}j])otlletical Mission Recovery TMI
9 Nov 10 Nov 11 Nov 12 Nov
2012 Mars Arrival 11 Sep 11 Sep 12 Sep 12 Sep
S (deg) +0.260 +3.790 +7.503 +11.204
Avryg (km/s) 3.611 3.612 3.613 3.615
Avng’ (km/s) 3.611 3.665 3.816 4.052
Avyor (km/s) 0.858 0.858 0.857 0.857
Ave' (km/s) 4.469 4.523 4.673 4.909

dynabiarsi agtiivamsg ccamebe ovi sual i zedPlhy EGroudghigde ¢ hi pagr &
ane onto the geocentric cel egpti ali kse htelree, Fiad wme wi
d outh is down in the Figure 4 celestial s mhadoan wiltoh
ct to the Earth mean equator of Julian epoch J0&e8€e®. 0.
e mean equinox at J2000.0 in Figure 4. Becauwmxe ddgtur
ft and west iPshorbbogaatrt.bi tC o saenceu edrtilfyt,s triegght ward with

nw — —

60

=
=]

o
=]

1
=3

Earth Mean Equator & Equinox of 12000.0 Declination (deg)
s
=] [=]

-60
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Earth Mean Equator & Equinox of 12000.0 Right Ascension (deg)

=9 NovPlane ——11NowvPlane =21 Nov Plane + 9 Nov Asymptote + 11 Nov Asymptote + 21 Nov Asymptote

igure 4. S n a pPshhookGossu B d& r tt th ep aarckiurad or bit plane on 9 Novemb
011 (orange | ine), and 21 November 2011 (red | ine) are pr
ion magnitudes exceeding 60A) defined by Earth's mean eqLt
ustrate westward precession of the plane with ti me. I n &
ars are plotted for 9 November 2011 (green "+"), 11 Noven
mptotic departure dPheb&Cxsuambliitepl alhesont 9t Notveenber 2011,
nly then are TMI propul sivénesesgleiegi mlgel osByesliduNovemherr 2@
xceed eFsltaigmaatpeadbi | ity to recover the mission with a singl

(Continué&d® on p
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(W Gant~i nued8pfrom page

At the 5.4A per day precession rate, about
vember 2011 plane to precess near the plotte
that time in | ate December 2011, EarPholosl
Gr umitssion r é&tagymappwi shve capability. Not e

arture declination can drift so

northern
near zero

southern) decl ifmitgihotn nleivreirt .b e |

ymptotic dep
(or
, regardless of orbit plane preces:

Esti mat eldnpTuhlrseee TMI Latest Missi ol
Now a sPshwmiBax sucndaul d have performed TMI with th
woul d actwual |l y bFel gglbnafmonrsme dt hwei tfhi rtswo burn de
fobuFhagmelih capability enabl esimelsdciatt v gtye qui
i R Under Phokosmitasiegy,recovery foll owing

vember 2011 is the sumbgEDA MpctrDaiipOHRe Nt s S
The first thmgeoompmpgaoreenntMd dfn the folmwegoing
component is identical to that required by 1
recovery dat e.

The 4 mpeé se TMI takes maxi muamo ragde/rawnit ragy ep rod c e
trodynamics. First, a change in speed is be
T MI context, this entails performing posi gr ¢
is best performed at thébeslmonewdstcepotsci béro sg
I n accord wi h these precedpliss, ptolsea gfriardset a"nhde
assumed initial Earth parking orbit's mircul
Since there s no di st iDmygitmppuel rsieg eees tianb |tihseh eist
sistent with the required Earth depabygpdrse h)
per f orrfaendd aatcblri dveas t he next perigee without

t
i
[

Dryvii mpul se is posigrade and performed at t he
from the original parking orbit. Reader s f:
for the Constellation -Pmpgtraen WMIIl reeowvgni ze

similar strategy.

Agpyi ncreases Wyt hiDfjmarcerqeuaisreedd t o bdheidl easspeci T
downside to this trend, iGceldagyiamg peausidngnal k
components to incliesasecre@ersde quwe mtolrfgrg't han

wi thIli agnmaer 4. 739 km/ s.

I'n assess-iimgult e THMreeit is impopd apul se Bec
ttwi || rqwledde above a geostationary orbit's r a
the resultinfgwiolrlbidont iAd u &, otuigthi wiclrle ade wdten
neaerigee intervdalhsdi i /partettcalme awhtidre t he E
ture asymptote drifts slowly northwestward |
mum poBlsolisr@amitssi on r ec obiesr yt hcea ped boiti e tf w0 zdewnr
ing each assessment.

A second consi der atiingpnulvehee nlT Ml s si ess sy peovot i oi ene
nentDR'dfuri ng thetutitmt e BWabNpEDQADIr i +Dioll S j ust
anot her wayDmwifn cao ntpounttienxgt-i mpwelcd i TMIt Bratthaae®o
spect,,fiaed east squares dCuboicnpol yhotmit@ds i F

(Continu&8¢d on g
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(ContinueB8pbfrom page
expressed as a November 2011 UTC de

ci mavk day, the foll owin
values in km/s units to at | east 0.001

precision.

*

Dik= 0. 000 O0tf D6 DVNI0*1tF 209.507013* %2 3 43 4947 45

Dur i ng eiamphultsher eTeMI assess$mespbughhe f mirniwimiumh

Dine & Dic - Dig. . Atrabaeniyn g a3 seoned,or bth.t Thersi ook rafotder s comput -

ed assuming perigee heimghtl sembBMhsagase2Thektm.r huletes are p
sented in Table 2.

Table 2. Hy p ontphud tsied & IBirsumriteses i on recovery i s assessed for
TMI dates following actual | aunecihmpounl s8e NloMle mitiesr- 2011 and |
sion recovery capability thremi dayar gated. by At méenf maét apoog
Diyaposigrade i mpuk & eDiradeotetsi meot exceed the previously comput
Dic= 4. 73R &kgmhaspabilityDnpdTrhppulsseee omaln t hen nul | t he TMI
steerimguahgt batbDrfih e nphuilrsdgi satp utrienhey posi grade. Val ues for

Dik =Di"-Dinp@ar e from a pol ynongalatap pid @t it malt ii on Figure 2.

PRt 2011 UTC at Hypothetical Mission Recovery Avyy (#1)
12.0 Nov | 13.0 Nov | 14.0 Nov | 15.0 Nov | 16.0 Nov | 17.0 Nov

2012 Mars Arrival 12 Sep 13 Sep 13 Sep 14 Sep 14 Sep 15 Sep

f(deg) +11.204 | +15.048 | +18.875 | +22.805 | +26.706 | +30.677

Avgp” (km/s) 4.474 4.479 4.486 4.498 4.515 4.545

r4 (km) 51,000 71,000 92,000 117,000 | 147,000 | 196,000

Mvype (km/s) 0.262 0.257 0.251 0.239 0.224 0.193

13 (2011 Nov UTC) 12.564 13.881 15.262 16.771 18.453 20.715

Avg" (km/s) 4.736 4.736 4.737 4.737 4.739 4.738

Table 2Ftagmamoannstraint i mposerasim ocmudamwatyo i hecreaasse i n

Dne@ ®anfri ncrease whamtg poespecedvel y. To be a viable missi
ery opti-iompulasda hTTMle must tthe iemairfi @ared hamch 8t DatNovember 201
UTC. By rithlaast gtriomen,t:;f al t seapoent 29 November 2011. As not e
2' s cagthiicsn,| d&kteo de Dy, e sadnFd angonamabi | ity i s available to per-
f o rDmec

Conclusi on

ThRhobsaaumitssion's failure to achieve TMI serves as an empi
di fference between a | aunch season and the interval in whi
ot herwi se nominal | aunch into LEO | eads to delayed depart.
mi ssion recovery countdown c IPhokGrasnarsiennitrhg sduring the del
clock expired 3 to 9 days after actual l aunch, depending c
managers were willing to perform. This estimated mission
the misdaynl'saul®d®h season, even if the Bha-son is assumed to
boGr ulngdunched. This situation was never <clearly communica
ber 2011.

But there are br oaRhaobGasomits sciadn ornesc dwernmy tsheeenar i o. A si mi
countdown clock is set following the first of multiple | adu
mass in LEO for departure to any interplanetary destinatic
paign timeline manages the risk of | ate departure, but adoda
ment carries its own risks

(Continué@&@® on page

Al AA Houston Section Horiz®hs January | Februar.y



Pag38

AsSstro d y n a(rﬁ?ntci %ueGYfrom page

Reusable infrastructure in LEO, a propell ant
chall enged st sudrfdswcrieentl y near zero at a tim
properly phased with Earth. This may requi:r
ciently high orbit inclination to guarantee
are accommodated. Sufficiently hig i nclineé
al | |l aunches supporting the reusabl i nfrast

i gh
bl e
adopt-usienglmepexciidn ¢ archi-taecnhaheisnferplmahnhet @
paigns if they must be staged in LEO.

(Continu&8® on
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space for halpossickeintiury wiwihihe nad hesgaaesp
® some regularitygmmbuouitt yhe vast pool of wvacati
I{‘Ey~'hea\ﬁl majority of these trips ha$@0 million priceé
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Many people haept whnomdgaiopiewng| &¢cc aptda mse
Aerospace ProjebessRacieewWoUAPRYS, Aofigh smumwaemnoe it falls
is presented byv8cati obowbhanuyoebsthage Spadeedegqdngoan
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anniversary of C¢
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TED is a smal I:‘Onrognvpgr?o:floint;/ d(elﬂ_nngalgnlenelrnlgn)g
voted to Ideas Wor'tdh Spriead - 1245 PM
i ng. It st art eflo ¢1¢N elﬁ’n)?m“tda?aaﬁbfear ger
conterence ' '(n%'lilinl\ﬁ; Bd®OcPa tSi olnun cThh ewiRoho tL g ader
together fromotf F oluer V\f:ourldrse)
Technol ogy, Enterta|nment, Look for thede vi
Design. Since the”10“0'50 SEMPFPel ated TEDx |web
has become even broad . searching for the
. Live Feed from New York
This event was~;open to every - End
one (women and meyn) wh o
support and encourage wom-
en in their |lives.
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nati onal

e: -EB8C28322 (4--MahtipdpO&2) mages of

Abov t nter p é
been combined into one composite image to show theepnigogr es
of Jan 4. The station, with six astronauts and co&mmreasyt s
The space station can be seen in the night sky witet gthe- nas
tural shape of the spacecraft Station sightings nmigt ma ar
6:11 p.m. CST. Viewing should be possible for approxi matel
northwest to 10sdaegheastabdtre mamwt mum el evation will: be 4/
http://go.usa.gov/ 81R. Equi pment used by the NASA photogr s
Ni kon D3S, 600mm | ens and 2x converter, Heavy Duty Bogen 1
The camera settings were as follows: 1/1600 @ f/8, | SO 25¢C
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Right :-S0B503Ap¥f-iTlhe20ht)ernational
program is completing the transi

mankind celebrates the gol den an
recognition of these milestones

whose dedication and ingenuity m
| SS is depicted rising above a s
the distinctive portrayal of Ear
is a reminder of mankind's prese]
space only by night, and commemo!

their early bonds throughout the
I SS, a uhiaged Dpapest for resear

and Earth sciences, in the words ,

ment to the tremendous teamwork of the engineers, sesentis
The six crew members of Expedition 30, |l i ke those wkhmnhave
tries and the |1 SS team in conducting research aboarldd't he s
space faring countries to more safely and more pr odwuictd i vel
beyond | ow Earth orbit, and inspiring young people to join

Who is on | SS n
February 25, 20
crew of Expedit

| temll —t+0+ | D=

Above: -SD8230809 J-&EkpedO01ipn 30 crew members take a break f

pose for a crew portrait. Pictured on the front row are NA
Kononenko, flight engineer. Pictured from the | eft (back r
along with European Space Agency astronaut Andre Kuipers a
NASA and International Space Station partners.
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Editords note: Daniel Adamo was already sending:Figures 1
|l i st on DecemberazilBg 26mét Bawej oy stunned “t he) wo'rlzd o'f ''a's
ing its spectacul ar encounter with the Sun on December 16,
Left: |l mage credi
Comet Lovejoy's 2011 Solar Graze Ad la{“‘)' . Astrodynam
Ecliptic plane plot su an
vo1.gers | Time tick labels are yyyy-mm-dd at 00:00 UTC
+@1 . Ge+d A
261 1-12-pg 2811-12-24 2E11-12-19 281 1-12-14
2811-12-89
+a1.42+8 Z20n-iamn
Earth
+@1.2e+8 A
+18.82+7 A
+B3 . Ba+? o
Comet Lovejoy
2811-12-29
2811-12-84
+@6 . Be+? o
2E11-12-24
2811-12-89
+84,8e+7
2811-12-19
+AZ . Be+7 2E11-12-14
a
Sun
—a6 .ée+? —a4 .ée+? -az .ée+? é +EZ .ée+? +@4 .ée+? +@6 .ée+? +@2 .ée+?
Km Units View From Y= 0.0°, P= 0.07, R= 0.O¢
Sun-Centered J2KE Coordinate System
Imported Lovejoy (C/2011 ephemeris
Figure 1. A péonterineod Earbiht splSame (the ecliptic) illustrat
grazing flight past the Sun during December 2011. From Ea
to tunnel through the Sun. The comet's orbit period is 31
tance (aphelion) more than 92 times Earth's
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Editords note: Daniel Adamobés figures clari
Sun. He call ed our attention to this web si
Comet Lovejoy Survival
http://sungrazer.nrl.navy. mil/index.php?p=n
where Karl Battams of the Naval Research La
surprise of the comet watchers as they moni
several spacecraft observatories.
Ri ght |l mage cr &dit Dani el R.
Adamo, Astrodynamj cCome€lowejoy's 2011 Solar Graze
sul tant Comet orbit plane plot
o1 .6t Time tick labels are yyyy-mm-dd at 00:00 UTC
Dotted lines are projections onto ecliptic plane
Shaded area is solar surface invisible from Earth
84,0245 Comet Lovejo
7 joy
Tben Perihelion height = 125,000 km above Sun's photosphere
on Dec 16 at 00:35:08 UTC
Km Units View From ¥= 30.Cf, P= 52.0°, R= 0.0f Earth lllumination
Sun-Centered J2KE Coordinate System
Imported Lovejoy (C/2011 ephemeris
Figure 2. This plot in the pl acneentoefr e@o nmeott i
duri ngdaay tiwwna er val <containing closest approas
ceived surface (photosphere) is shaded wher
ted projection lines indicate Lovejoy's orb
interval from a few minutes before periheli
Earth is therefore impossible unless this o
are from JPL Solar System Dynamics solution
Al AA Houston Section Horiz&#&s January | Februar.y


http://sungrazer.nrl.navy.mil/index.php?p=news/birthday_comet

Editoréds note: @maRem.g dO,me20lLlo,ve$wry surprised asitponomerf:
viving its spectacular pass by the Sun. I t ai
as noted by Karl Battams on the web site
already big news and historic because of
Dan Burbank took photographs and video |
this page. He was in orbit around the Ear
and this opportunity was a surprise. The

I
e
I
S
t
e

t
n
[
k
t
n

(22
Lovejoy i
horizo
mage pho
Dan
30 command
onal Space
|l mage cre

Bel ow: -El0343B3F® (21 D
201-2Comet Lovejoy i:¢
near Earth's horizo
i mage photographed
naut Dan Burbank, E
commander , onboard
tional Space Statio
2011. I mage credit
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Hori zons:

Al AA  Houston Section events & other event
This Jan / Feb. 2012 issue of Hori zons |

Al items are subject to change w
Al AA Houston Section council me eht d wnsgtsa n .f corr:
Ti me:-65:330 PM usually
Day: First Monday of most months except fo
Location: NASA/ JSC Gilruth Center is often
Monday, March 5, 2012, Monday, April 2, 20
Monday, June 4, 2012. The new Al AA year st
Tuesday, March 27, 2012: Dinner meeting
Speaker: Douglas Terrier, NASA/JSC
Location: NASA/JSC Gilruth Center
Friday and Saturday, April 6 and 7, 2012:
Al AA Region |V Student Conference, https
Location: NASA/Johnson Space Center
Saturday, April 7, 2012 Ninth Annual Yuri 6
Chall enger Seven Memori al Par k, 8: 00 AM
WwWw. yurisnighthouston.net, ynh.funrun[at
Space Day? The Cel ebration? Please see t
Yuri s Night Houston 2012 is an Al AA Hou
Friday, May 18, 2012: ATS 2012. See page b5
Al AA . Houston Section Annual Technical Sy
June 2012, on a Wdakrrsidalyt) : ( Do mdha&ey meet i ng.
Speaker: Norman Chaffee, NASA/ JSC retire
Additional speakers include: Guy Thiboda
Jr., NASA/JSC retired
Location: TBD (possibly the 1940 Air Ter
www. 1940airterminal . org)
Celebrating the 50th anniversary of Al AA

Al AA Nati onal & I nternatio

2021 MarcPBoBAafggdaéssional Visits Day

Location: Washington, DC

Venue: Capitol Hill, Type: Al AA Conf er
2628 March 2012:

10th U.S. Mi ssil e Defense Conference &

Location: Washington, DC

Venue: Ronald Reagan Building and | nt e
2326 Apr ibl3r2d01A2:AA/ ASME/ ASCE/ AHS/ ASC Struct

Structur al Dynamics and Materials Conf

20t h Al AA/ ASME/ AHS Adaptive Structur ec

14t h Al-BAt &dlomi ni sti c Approaches Confer

13th Al AA Gossamer Systems Forum

8th Al AA Multidisciplinary Design Opti

Location: Honol ul u, Hawai i
Venue: Sheraton Wai ki ki
9 May T2h0el 22012 Aerospace Spotlight Awards
2224 MayGkRobal Space Exploration Conferenc
7 JuneA@r0dpace Today-AnakdeTomoveoBymposi u
Location: Williamsburg, Virginia
1921 Junén20it2ch@Aerospace 2012, Garden Gr
2528 Jundl 2A1F] ui d Dylheamd tcesd aGan fCeor ences an
Location: New Orleans, Louisiana

published bimonthly at the end of Febustaoly., oAy
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Crani
DR.

I'n the |
pi pes of
of a sph
known to
mining t
in bl ack
of the i
be noted
i ntersec
the area
Stei nmet
4r , t hei
vol ume vy
This wee
A rather
connect.i
bl es, ea
them r an
value of
Send sol

um Cruncher

TEVER. VEERETT

ast issue, the reader was challenged to compute t
radius r and | ength 4r with only the formulas fo
ere, and without wusing calculus. The volume of th
Archi medes, |l ong before the invention of calculu
he volume of the intersecting space, called a Ste
. A representative vertical slice is illustrated
nscribed circle, also ipld4red,t tmayt lmdtsoof the squa
that the set of circles which are inscribed in t
tions of a spherepmi tlhf rwaedinuost er ,t hhaatv itnhge ar avtoil ou noef
s of the circles to that of the squares is equal
z solid, its vol®umB8inae eheh bglconhputbdsabemh§! B
r indipri dMal tvel yineg adyet&o and subtracting the i
ields @-1t60f3a)!l rvol ume of (8

kés puzzl e:

|l ess experienced engineer than that in | ast week
ng the wiring in a new spacecraft. He is presente
ch with a male and a female end, and so he deci de
domly. He repeats the process wuntil there are no
the number of | oops he has created?

utions to steven.e.everett at boeing.com
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The, Early Warning Flyer is partially hidden
our Tast issue, the November / Decesmben. @0gd.1

One keynote speak
firmed so far: M a

American Institute of Aeronautics and Astronautics NASA/JSC (Orion N
HOUSTON SECTION * P.O.Box 57524 * Webster, Texas 77598
Web site: www.aiaa-houston.org

Call for Abstracts
AIAA Houston Section

Annual Technical Symposium (ATS 2012)
Date: Friday, May 18, 2012
Location: NASA/JSC Gilruth Center

eronautics and Astronautics
Box 57524 » Webster, Texas 77598
w.aiaa-houston.org

. 2012
osium

' Topics '

Space Exploration
Astrodynamics
Automation and Robotics
Communication and Tracking
EVA
GN&C
In-Space Imaging

. . Space Operations
Abstract Submission e

Life Sciences and Human Factors

Orion Multi-Purpose Crew Vehicle (MPCV) images courtesy of www.theatlantic.com and www.americaspace. ovg.

Submit abstracts with short author biographies electronically at the AITAA Houston Section web site: ol ggiz)xer SoEiert

www.aiaa-houston.org ey LD

Space Commercialization
Abstract Guidelines: Structural_ M_echamcs
Avionics

* Abstracts should be 250 words or less. International Space Activities

* Sixteen topics are listed for ATS 2012 on the early warning flyer: space exploration, avionics, etc.
* Note the tracking number and password supplied when an abstract has been submitted.

* Submitted abstracts may be updated using the tracking number and password. luring registration
* Abstracts will be published. No paper is required.

* Abstracts, Posters, and Presentations must be cleared by authors (not AIAA) for Export Compliance.
* ATS registration is a separate process from the abstract submittal process.

* Abstracts due Monday, April 30, 2012 aph projectors available)
* Authors will be notified on Monday, May 7, 2012 of abstract acceptance. kers have the option to use their own laptop.
bntations expected at the registration desk.
For more information: ATS General Chair Satya Pilla, vicechair-tech(@aiaa-houston.org, rship is not required.
D)

ersonnel, and NASA/JSC contractors.

Contact the ATS General Chair for more information: Satya Pilla: vicechair-tech@aiaa-houston.org

Tentative Deadlines

. Monday, April 30, 2012 — Abstracts due to planning committee (contact us sooner if possible
wWww. shioauasst on. qQf i i ( PR

nday, May 7, 2012 — Abstract authors notified of abstract acceptance
Thursday, May 17, 2012 — Luncheon Reservations (pay at the door on Friday, May 18, 2012)
Friday, May 18, 2012 — Attendee and Speaker Registration Fee Payments (all day, starting at 8:00 AM)

Al AA Houston Section Horiz®as January /| Februar.y
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The American Institute of
Aeronautics and Astronautics
A ‘ ‘ Chair Executive Council
Sean Carter / NASA
SR S A A = 281-244-7232 (w) 832:651-1000 (el July 01, 2011 - June 30, 2012
' a7 i o > ’
HOUSTON SECTION Chair-Elect Past-Chair www.azaa—houston.or 4
Daniel Nobles / SAIC Sarah Shull / NASA
PO.Box 57524 979-255-4780 281-244-6441
Webster, TX 77598
Secretary Treasurer
Irene Chan Clay Stangle
323.393.5723 281-217-2172

307-256-3514

Vice Chair - Operations
Julie Read / Odyssey Space Research

Councilors
(2-year terms ending June 30, 2013)

Vice Chair - Technical
Dr. Satya Pilla / Boeing
¥32-858-3082

281-326-0779

Michael Frostad / ERC
206-963-6858

College and Co-Op Ellen Gillespie Astrodynamics Space Operations
Dr. Gary Turner — Programs 2%1-682-3653 Dr. Albert A. Jackson / Jacobs BeBe Kelly-Serrato / A-SCC
281-862-7825 Alan Sisson 281-483-5037 Technology 281-798-9060
-I Brian Banker |
Honors and Awards Automation and Robotics Life Sciences, Space Processes, and
Shen Ge — Public Policy _I Matt Johnson | Dr. Zafar Taqvi / Barrios Human Factors
T70-617-4046 1 Melissa Gordon / Lockheed Martin 281-244-4436 (Open)
321-446-2776
Membershij -I| (Oper) ‘I Propuls Power 5
embership N . opulsion and Power Systems
Lisa Voiles / USA Scholarship Commtmlca:‘]:;)ng:;]ﬂ Tracking Sheikh Ahsan / NASA
281-244-6467 — Rafael Munoz *I Melissa Kronenberger | P 281-244-6826
281-483-3427
Pre-College Extra-Vehicular Activity Siatety, Relability, and Quality
S - . urance
Svetlana Hanson — Young Professionals e ilors William West / Hamilton Sundstrand

(2-year terms ending June 30, 2012)

Paul Nielsen / ARES Corporation

281-336-6318 281-226-4893

Professional Development

|

Dr. Ben Longmier / University of
281-526-0554 Houston

Communications
Matthew Easterly / Easterly & Co
713-857-8200

Guidance, Navigation, and Control
Dr. Steven E. Everett / Boeing

Systems Engineering
Gary Brown / Booz Allen Hamilton

_|

Sarah Barr / ARES Comporation
424-634-9825

| 281-734-6284 713-933-6814

Newsletter
Deuglas Yazell
832-366-5292

Webmaster
Gary Cowan / Curbside Multimedia
281-993-2523

_|

Donald Barker / Hamilton Sundstrand
281-990-7779

_|

Shirley Brandt

History Space Commercialization
Ted Kenny (Open)
In-Space Imaging and Crew International Space Activities

Publicity ]
(Open)

E-Mail
Joel Henry / NASA

_|

<|

Helly Feldman / NASA Committee
281-244-2335 Dr. Kamlesh Lulla / NASA Ludmila Dmitriev-Odier / USA
281-483-5159 §32-524-6307
Gabe Garrett

281-455-0822

| Observations

Updated November 8, 2011, Executive Council Voting Members (20) are identified by:

Al AA Regi on |

V. Student

(

Friday and S-at,ur2daly2, April 6
NASA/Johnson Space Center, Houston, Texa
Hosted by Al AA Houston Section and UT Aus
https://regiond4. ai aastudentconference. or

Dat e Event
Saturday, Jaln2ualOyamMRe,gizs@Y¥aAatilon Opens
Monday, Markh: 32pmReH2 stratijon Cl oses
Monday, Markh: 32pmAbk2 racts |Due
Wednesday, Madcbh9pMapzld k2 Due
Monday, Markh: 39pmZahzel |l atijJon Deadline
Thursday, AAdri50QpH [PZ@&k2nt atijons Due
Friday,-Sd&tpui dap, ApQoinlf e7r,e n2c0el 2

Al

AA Houston

Section

Hori z®»&%s January |/

February
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Titles of Al AA Conference Papers
Section Members

COMPI LEDTHEEDI TORS| NIGHEA | AALI ERARWEIEDI T-ORCHI RAFIAI AAOUS T @R G

50th Al AA Aerospace Sciences Mee
Forum and Aerospace Expositio
Janualrd, 92012

Vortex Lift Waverider Configurations
Patrick Rodi Lockheed Mart20 112dr8por ati on, Houston, TX, AI A

Assessing Uncertainties in Boundar-Y¥y 4by8&opoaTAagkéesi oh Rredc
Lindsay Marek NASA Johnson -29pib2e 5 Cent er , Houston, TX, AI AA
An I nvestigation of the Relationship Between the Residual
Nehemi ah Wi lliams University of Tennessee Space Institute,
ston, T)X,88ZA3 AA

Continuing Validation of Computational Fluid Dynamics for
Dani el Schauerhamer Jacobs, Houston, TX; Kerry Trumbl e NAS
Langl ey Resear ch CeRetneere, Gharmpstoonn ,NASAA LJaanngl ey Research Cen
Langley Research Ce#206%4 Hampton, VA, Al AA

Experi ment al Measurements of Heat Transfer Radwuwédi Eedo Rghkca
Vedha Nayagam NASA Glenn Research Center, Clevel and, OH; K
Aaron Paz NASA Johnson SpacC¥#®ZB6enter, Houston, TX, Al AA

The | agRST Model : a TtErqhud Il @ mad uMo dd lowfsor Non

Randol ph Lillard NASA Johnson Space Center, Houston, TX,; \Y
don Oliver NASA Johnson Space Center, Houston, TX; Gregory
intzis Purdue Univers2a¥M24West Lafayette, I N, Al AA

(Continuéd on g

The World's Forum for Aerospace Leadership

Al AA Houston Section Horiz®4s January |/ Februar.y



(Continue8ffrom page

Locecikn of El astically Mounted Airfoils at High Angles of At

Robert Ehrmann Texas A&M University, College Station, TX;
Johnson Texas A&M University, College Station, TX;0E2Ward
Boundlaawer Transition on a Flared Cone in the Texas A&M Ma

Jerrod Hofferth Texas A&M University, College Stati@ml2TX;
923

JoKHeR: NPSE Simulations of Hypersonic Crossflow Instabildi
Joseph Kuehl Texas A&M University, College Station, TX; E c
Texas A&M University,20C#®BO2l0lege Station, TX, Al AA

A Novel DesiSph aof PadmnExol mager
Hyerim Kim Texas A&M Universi
Kim Texas A&M University, Col
A&M University, CoRD&8ge St ati

y, College Station, TX,; Dast
ege Station, TX; James Quinr
n L

t
I
(o] TX, Al AA

Repetitively Pulsed Hypersonic Flow Apparatus for Advancec
Rodrigo-Ghmzahez Texas A&M University, Coll ege Station, TX;
Station, TX; Jerrod Hofferth Texas A&M University, Col | eqge
Rodney Bowersox Texas A&M University, Coll ege Station, TX;
2047383

Freestream Turbul ence Measur emen
Mi chael Semper Texas A&M Univers

t in a Continuously Vari e
i
Bowersox Texas A&M Univer30%82 Co

Coll ege Station, TX;

S
ty,
Il ege Station, TX, Al AA

Feasi bil-Dimenéi Oneal Rotational and Vibrational Raman in Hi
Al ex Bayeh Texas A&M University, College Station, TX012Ador
613
Aggi eSat2 Student Satellite Mission
John Graves Texas A&M University, Coll ege Station, TX; Joscs
Texas A&M University, 20042 4£ge Station, TX, Al AA
Proper Orthogonal DecomposAuaéroa s
Navi-Strokes Equations
Brian Freno Texas A&M Universit Thoc
ner Texas A&M University, Coll e Z ma ¢
University, Col |-220g1821 &t ati on, T)

ng and Analysis of Eagl e Xper

Dat a
TX;

Shepherd Texas A&M Uni ve
xas A&M Universi 29 22Col

The World's Forum for Aerospace Leadership
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