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This is *not* about “Interstellar Travel” (“Atlantic mode”)

*=-Robert Goddard’s “Great Migration” (14 January 1918) - -
F. A Tsander “Flights to Other Riafjlets and to the Moon”

Ny -

> XIll. Slowmg of life and pOSSIbI|It retu to earth alive after millions of .. -
years, by flying at-velocity near the speed of lightsgccording to Einstein's |
- theory of relativity. POSS|b|I|ty of flying through all o
- notes 1920s . S

Relat|V|st|c rocket mechanlcs J. ACKERET, Zur Theorie de
Physica Acta 19,103 (1946)

‘Photon rockets E. SANGER Zur Flugmechanik der Photonenra
Acta 3,89 (1957). - Die Errelchbarkelt der Fixsterne. Proceedings of the
Astronautical Congress, Rome 1956. Roma: Associazione Italian a Ra
Mechanik der Photonen-StrahIantr?ebe Mtinchen: R. Oldenbourg, 19

| Reachlng the nearer stars (<25 light years) W. PESCHKA,Uber die
tiberbrtickung interstellarer Entfernungen Astronaut. Acta 2, 191 (1956)

_Interstellar fusmn ramjets ‘R. W . BUSSARD, Gala;ztlc Matter and Interstellar

UItlmate IImItS S. V HOERNER The General Lugs of Space Travel. Science
187, 18(1962) ;
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Or Colonization (!) (“Polynesian mode”)

- = J.D. Bernal “The World, The Flesh,
and The Devil” (1929), Dandndge M
~ Cole and Roy G. Scarfo “Betond
- Tomorrow: The Next 50 Years in e
~ Space” (1965), Isaac Asimiov “How Far -
W|Il We Go in Space’?” (1966) o

Stephen H. DoIe “Habltable Panets for
Man” (1964) A S
,“Interstellar Communlcatlon”A G W
Cameron ed (1963) AR

:“A Program for Interstellar S
Explorat|on” Robert L Forward (1976)
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17h AAS Meetinng in Seattle, Washington, 28 — 30 June
1971

= Scientific and technical 'basés
for solar system- escape
mlssmns were dlscussed

* THE FIRST STEP: BEYOND THE SOLAR e The Octer Solar Sytem
SYSTEM TRES ST N RS e S
A. J. Dessler

R. A. Park
ot Volume 29

The forthcomrng flights of Ploneers F and G W|l1 see Sanrte Part Il
the launch from earth of the first spacecraft toleave == = VTV REN'R LA Y CULTUL. R RIL (R
‘the-solar system. In this paper; we desc,rlbe the solar SO
wind and how it forms a region of rnterplanetary 5
space called the heliosphere:: There 1silittle known o
about how (or even where) the solar wind: mteracts :
with the local interstellar medium: Our understandlng_ :
- of the plasma/magnetlc -field mteractlon betweenthe - .
~ solar wind and insterstellar- medium will be placed on - -
" a definitive basis by information-obtained by the =~ = == .7
; Spacecraft that tham data from penetrahon of the SRt ; Distributed by UNIVELT, INC., P.0. Box 746, Tarzana, Calif. 91356
mteractron region.: PR
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The “Heliosphere ” Defined (Dessler)

i) The solar wmd WI|| push asrde the Iooal mterstellar
Amedlum However as first noted as early as 19553 the
“solar-wind streamlng pressure WhICh decreases as 1/r2
“should become too weak to push aside the interstellar
“medium beyond some Crltlcal d|stance rh Atthis d|stance
the solar wind should go through a shock transrtlon4 and

slow to subsonic: speeds before merglng W|th the
interstellar medlum where the solar wind is streamlng
supersonloally.ls oaIIed the hellosphere5 2 '

3 25 DaV|s Jr., "Interplanetary Magnetlc Flelds and Cosmlc Rays Phys Rev voI 100
1955pp: 1440-1444 . = i
4. F. H. Clauser "The Aerodynamlcs of Mass Loss and Mass of Stars i Laboratory Report i
AFOSR-TN 60-1386, The Johns Hopkins University, 1960 - - = .55 S
5.A . Dessler "Solar Wlnd and Interplanetary Magnetlc Fletd Rev Geophys voI 5

1967pp141 ‘ SR AT AR
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Heliosphere Concept (1971)

A possible interaction configuration is sketched in Fig. 2. The sulifi
plasma beyond the shock forms a boundary shell. Behond this shell |

the interstellar medium.

INTERSTELLAR MEDIUM

BOUNDARY SHELL

SHOCK
TRANSITION

= From

~ D | ; SOLAR PLASMA

: AND ~
essier . MAGNETIC FIELD " §
Park
(1971) . | |
: it Fig. 2 Illustrative Sketch Showing Possible Interaction
2 Between Interplanetary Medium (the Heliosphere) and

the Interstellar Medium
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The “Grand Tour” was the grand motivator for thinking
about the interstellar medium ...

California Institute of Technology, Pasadena, Calif.,, U.S.A.

-« Starting with

Fast Reconnaissance Missions to the Outer Solar System Utilizing Energy

. Gary Flandroin . Derived from the Gravitational Field of Jupiter’
1966 and the = - s

: Grand Tour & - G. A. Flandro
trajectories

With 16 Figures
(Received April 18, 79//)

S '_The avallable spectrum of: solar system escape trajectones
resultlng from-the 1977 Juplter-Saturn Pluto and 1979
Juplter-Uranus Neptune Grand Tour Mlss10ns contlnued

PR S ol beyond the terminal planetis described in a parametnc ' %
* The notion was s - The results indicate that the Grand Tour voyages = -
_extendedto %ould be SO targeted as to escape solar-space in-a direction -
~:solar. System - into the onrushing Galdctic wind, with due regard for other: it
escape .and Was ‘mission objectives. As long as the spacecraft systems -
articulated by '_'functlon they: could sample dataon: the propertles of the -
Sergeyevsky In .-outskirts:of the solar. system and thelr |ntercact|ons W|th the .

1971 0 5 lnterstellar meditum. =
e S L - Early Solar: System Escape MISSIOHS An Epllogue to the Grand R
*_Tours:, Paper AAS81 - 383 g st :

< = 8 September12’014v i Smence and Enablmg Technologles to Explore the Interstellar Medlum '_RLM -_7~- .




Unlike Pioneer 10 and 11 trajectories, the direction of
Grand Tour spacecraft would be good for such studies

“The |mmed|ate conclusmn is
. _solely that Grand Tour:
BOUNDARY - w7 . spacecraft escape into the -
30-60 AU (DESSLER) 77 3 ?i:tOMAGNETIC forward part of the
MW heliosphere is not onIy

. possible, but unavoidable,:
— Nt or gacrvn £ whereas, as pointed out m

— @\WALILCEREN - Reference 9 [], the earlier:

MOTION Ye N nonesss - “Pioneer F and G spacecraft :

1972

P | -are denied this opportunity

A =269 THOMAS' Lo PATCH,

Svon /et " (Figurg 2) by their trajectory -
OF CoMer SIZE=3AU - orientation, ; a consequence

- of their departure in the early :

A'S ~-1970’s.” [remedied for =~ -
SaLcTIC - Pioneer-11 by its retrograde

TN  “encounter with Juputer and -
subsequent flyby of Neptune]

L ACTIVITY

FgueZ Heliosphere and Grand Tour Mis

A, J. Dessler, R A. Park, The Fxrst Step Beyond the Solar Syetem

Rice University, Houston, Texas, and TRW Systems Group, Redondo &8
Beach, Calif., AAS 71-165, AAS 17th Annual Meeting, Seattle Wash.,

1971.
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Other discussions at the 1 971 meeting

v s THE SCIENTIFIC EXPLORATION OF NEAR STELLAR SYSTEMS :1‘ :
s J ik Archer andA J ODonneII | ; A s

o SCIENTIFIC GOALS OF MISSIONS BEYOND THE SOLAR
“SYSTEM - S e e S .
il G Despaln J P Rennest and J L Archer

. THE ULTRAPLANETARY PROBE
> KrafftA Ehrlcke Sale L

~ « EXTENDED LIFETIME DESIGN IN RADIOISOTOPE el
. THERMOELECTRIC GENERATORS =~ .~ .. =~
> H. Jaffe and P. A ORlordan e el

o September.2014 . Science and EneBIing Tec_:hno_logies 'fco'f' Explore the Interstellar I_VIeQi.un_i _.'




Outlook for Space (January 1 976)

- By 1976 A “modest” proposal had
. “been mcorporated in the massive

 NASA Outlo.ok for: Spacere_port._ e

-."‘Item 1069: .

' Small spacecraft W|th partlcles-and- ;

fields instrumentation launched in
1980 by Titan-Centaur plus hlgh-
performance upper stagesona

- trajectory-escaping solar system |n :

general direction of solar apex. If

. mission launched ia late 80's,

electric propulsion, solar. sallmg,
~and/or Jupiter swmgby could be

~used to reduce transit time to

- heliospheric boundary MISSlon

-fduratlon ten years or more

N IR

LOAN COP) L
AFWL TECHI 5
KIRTLANE ~

OUTLOOK FOR SPACE

Report to the

NASA Administrator
by the Outlook for
Sl')acc Study Group

January 1976

e

RLM=-10"., W
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JPL “Ghost Conference” (August 1 976)

. Perhaps motlvated by th|s study an act|V|ty was appatently heId at JPL in 5
~August 1976 ST . e :

. From Jaffe and |Vle (1979)

‘ “In a conference on "Mlssmns Beyond the Solar System AR

_organized by L. D. Friedman and held at the Jet Propulsron i
Laboratory in August 1976, the idea of a "precursor” mission.
out beyond the planets of the solar system but not nearly to
another star, was suggested as-a means of ejumdatlng and
solving the engineering problems that would be facedin an
interstellar mission. At the same time, it was recognlzed that .

. .such a precursok mission, even if almed primarily at

engineering objectlves could also have S|gn|f|cant smentlflc

‘objectlves”_ e TR R ey

'?Whlle thls connectlon is oft repeated in the hterature, no other record of
this “conference” has been found ' . R e > e

.8 September.2014 . Science and Enahiing Technologfes 'to-.'Exp'Iore the Interstellar I_viedi.un_i _.' RLM- 11- .




The 1976 — 1977 JPL effort had a significant science
driver

ICARUS 39, 486-494 (1979)

Science Aspects of a Mission Beyond the Planets

LEONARD D. JAFFE anp CHARLES V. IVIE

Jet Propulsion Laboratory, California Institute of Technology, 4800 Qak Grove Drive,
Pasadena, California 91103

Received July 26, 1978; revised April 10, 1979

A mission out of the planetary system, launched about the year 2000, could provide valuable data &8
concerning characteristics of the heliopause, the interstellar medium, stellar distances (by parallax
measurements), low-energy cosmic rays, interplanetary gas distribution, and mass of the solar
system. Secondary objectives include investigation of Pluto. Candidate science measurements,
instruments, and instrument development needs are discussed. The mission should extend from 400
to 1000 AU from the Sun. A heliocentric hyperbolic escape velocity of 50-100 km/sec or more is
needed to attain this distance within a reasonable mission duration (20-50 years). The trajectory
should be toward the incoming interstellar gas, For a year 2000 launch, a Pluto encounter and E88
orbiter can be included. A second mission targeted parallel to the solar axis would also be |
worthwhile.

~. 8 Septemberi2014_ 3 S_cience_ and Enébiin:g Techno_logiés 'fco'-.'Exp'Ic')re the Iht’efstellar Ivieqli.um _.' R_LM - 1.2'-7 .



Subsequent study details are described in JPL
Publication 77-70 Interstellar Precursor Mission

o STUDY OBJECTIVE , R
S The ob]ectlve of the study \ETS to establlsh probable scrence goals
mission concepts and technology requwements for a mission:

- extending from outer regions of the solar system to rnterstellar fllght
An unmanned m|ssmn was mtended

. STUDY SCOPE i

> The study was |ntended to address smence goal's m|sS|on concepts \
and technology requlrements for the portlon of the m|ssmn outward
' from the outer portlon 6f the pIanetary system L e

m The report was publlshed 30- 0ctober 1977 Iess than 2 months 3%
. after the Voyager1 launch T Ay S

'ﬁ' . Propulsmn EYS *the |ssue and a nuclear electrlc propulslon ¢
(NEP) approach was eventually adopted as the basellne = 5

.8 September12’014v i S_cience_ and Enab'llng Technologles to-.'Exp'lore .the Int'erstellar lvledi.um _.' R_LM - 1_3.7- .




Large NEP Systems?

- Thousand AU
- Mission (TAU)
- (Nock, 1987) - -
- = Nuclear Electrlc
t0 1000 AU
>1 MWe

> 125 kglkW .
specific mass '

%, 60 mt Iaunch
- mass

10.mt dry mass
40 MT Xe

<1000 AU ln 50
‘years

.8 September 2014 © '~ Scienceé and Enabling Tthh°|°9i‘?s to Explore the Interstellar Medium - . RLW-14- '




Or back to small?

“=°NASA Interstellar Probe
Science and Technology
Definition Team (IPSTDT)
~stood up in1999to -
relook at the precursor ~
“prOblem” e R ~fLaunch 610

solar sail for propulsion - .
-and a near Sun encounter ereit

- was basellned £ /

A small spacecraft using a -5 7/ 2.y on st e

B - PRk RN M ‘.A Sail Jettson at 5AU  upiter
To 200'AU in15years = Lo 2848008
Payload requirements = - -

_ similar to those of P|oneer

10 '
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All Approaches to an Interstellar Probe Mission Need
Propulsion Development

g = Ballistic (NIAC 2004) : Nuclear Electric (JPL 1980) Solar Sail (NASA 1999)
optimized launch 20 2015 departure 20 ; 200 AU in 15 years
Feb 2019 years to 200 AU : Perihelion at 0.25

Jupiter flyby 19 June 30 kg science package § AU
2020 Bimodal nuclear Jettison 400m dia

Perihelion maneuver | propulsion | sail at ~5 AU
4 Nov 2021 at 4 RS 1.4 MT : 25 kg science

1000 AU 17 Oct 2071 _ 246 kg
12.16 kg science ' = o

; . 8 September.2014 . Science and Ena_Bﬁn.g Tec_:h_ho,logie,s io'f.Expldre the Interstellar Mgdi.urr_i _.' RLM - 16 .



Radioisotope Electric Propulsion (REP) and Solar Sail Implementatins have
been examined in some depth

REP Implementation (lIE) Solar Sail Implementation
v (IHP/HEX)

@-esa

molNEotnNENIEESmwEa

!V SEas STUDY OVERVIEW OF THE
Jet Propulsion Laborato ; 5 INTERSTELLAR HELIOPAUSE
Eoia PRrROBE

ADVANCED PROJECTS DESIGN TEAM
INTERSTELLAR EXPLORER VISION MISSION
CUSTOMER: RALPH MCNUTT
REPORT ID #794
LEADER: CHARLES BUDNEY
5, 7, 8 APRIL 2005

The following repressatatives coxgprised the stody tean

Name Phone # E-Mal

Bob Kinsey F10-335-1825_jober | Kinsey@asro org S AN ESA TecinoLOGY REFERENCE STUDY
Mincent Randolph  K-3148 g o y

Emae Luna B-2838 gj&mﬁm% Iy ool
YNUva Meclure  B-2511 nthia Mcchre@ipi.n3s3.gov X 3 Planetary Exploration Studies Section (SUI-AP)

harles Budney _ [-39€1 2 Tans LA i -
mﬁm s W WA Science Paylood and Advanced Concepts Office (SCI-A)
k3614 T i L : X

.Qov M . I -
Fa7Es 1 @pinasa gov ' . & e e -~ o ® o 7 e

1-5368 Paul) Timmerman@ipl nasa gov

-5304 Paul.R Woocdmansee@jpl.nasa gov N e

1-3612 MIIam.D.Snythe@pl nasa qov . 3 prspared by/prépard par AE. L?ngvi? ML. van den Berg, P. Falkner
-3123 ,(_;emzm _J Kiose@ipl n3sa qov R refzranca/réferencs SCI-A2006/114/THP

1-5308 IGerargo Flores@i|ol. N33 .qov "t v sea/ddition 3

1204 [Tracy Leavensgipl nasa gov .5 $ revsionrévision :ﬁ 042007

-5219 35.Va . : £ date of issue/date d'dition
5-6230 T . Y . S o status,/état Released
! c ’ Dacumant type/fyps ds docwment  Public report




Historical and Conceptual Solar-System Escaping
Spacecraft Are Dominated by High-Gain Antenna

Pioneer |
10-and 11 - [
Launched S8 - 4
1972 and =V 4
1973 . - .

New |
Horizons = FIE#EEs
‘Launched &8 |
2006 . - IS

" Voyager 1and 2 Launched 1977  ~ IIE Concept

. 8 September32'014_ (GRS Scien'cg and Ena_Bﬁn.g Tec_:h_hologie,s io'f.Expldre the Iht'érsfell_ar Mgdi.urr_i _.' R_LM - 18-7- .




Deep-space Spacecraft, Instruments, and Their Mass
Fractions

Spacecraft '. lnstruments . 'Spaee‘craft” Paylead

(dry) (kg) mass
fraction

_ Number Mass (kg)
Voyager 10 104.32
Pioneer 11 28.98
New Horizons 6 28.43
Ulysses 9 54.92

B IIE 10 35.2

Payload mass fractlons are ~10% to 15% of system d,.y mass S

The small mass fractlon on IlE |s drlven by ~200 kg of dry
mass assomated W|th the REP power and propulsmn system

Y . 8 S'eptember~2014v i S_mence and Enabllntg Tec_:hno_logles to- Explore .the Interstellar Meqrum .‘ _.' R_LM - 1_9~ .




Propulsion “Contenders” Trade
Te‘f"’"~°l°gy _Readiness .Again_st_ F.".'g’.’t_ .Tim_e 6L

. Rad|0|sotope Electrlc n Solar Sall (IHPIHEX)

+ Rroptision (het) . »Needs low areal mass ',' "

T >Near-term technology S densrty (~1 g m or
> ngh-eff|C|ency, Iow-~-—*.~ & -j"_' less) fn S
‘specificmass = - - f R Needs to deal W|th
radioisotope power ._ & hlgh temperature

- _supplies (RPS) " >Work from ~0. 25 AU

- »Work from 1_AU . -outward -

- outward sl r Current technology
> Flyout time s e SRPS sufflc1ent for
constrained by power
hardware e G TR




Launch Vehicles: Historical, Operational, Conceptual
| (to scale)

Titan NI E-
Centaur:’
Voyagers. -

Atlas
Agena:
Pioneers .

|
g

" y -t

s TtV Defta IV AresV - - Saturanuth
Centaur—r; Heavy Concept 5 Apollo (I

B Ut R o Cassini S 7
" -.8 September-2014 ° 2 _SmenceandEnablmg Technologlesto Explorethe InterstellarMedlum RLM 21




Enablers forANYArchltecture ‘A

“Affordable” Iaunch vehlcle mcludlng
_high-energy stage o e g
- =kWe power supply W|th Iow specmc mass

> Pu-238 s

o Reliable and sensltlve deep, space
communications at Ka- band

-'- Mission operatldns and data anaIyS|s
(MO&DA) =y | R

- >$10M per year for 30 years at 3% per annum mflatlon

.8 September2014 it S AR e R At T ST




“Vision Mission” REP Mission Design Options

“wVarious upperstage [ | = [EECEIEEIEE

Jupiter flyby - prime
options for Delta IV H 8 opportunity every 12

- were studied e years
Investlgated 12 o

- existing and i T
conceptual upper o

stages

Final system was too
. heavy for Star 48 +

-.'Went to a Star 48A
““double stack” W|th
custom mterfaces

. 8 S'eptember‘»2’014v 3 S_cisnce_ 'and Enébiin,g Tec;hnologies .]:O'-.' Explore the Iht'efsfell_ar I_Viec_jiun_i _.' R_LM - 2_3.7- .




Assembling the Pieces

Flgure IS to apprommate scale

~Earth Departure Stage is only partlally fueled to
optimize launch energy - : -

First iteration: C,~270 km2fs? -

> Correspondlng asymptotlc speed from the solar system:‘-_" ;

is'~19.0 km/s ~ 4 AU/yr
> New Horizons . -
‘Launched to 164 km2ls2
- Pluto flyby at 13 8 kmls:=2. 9AU/yr ; Sy
> Voyager1 current speed 3 6AUIyr Ln el

' > Voyager 2 current speed =3.3: AUlyr

To reach 9.5 AUlyr (45 kmls) with only a Ieunch from

Earth would require C, =1 016 kmzls2 ST
Even with an Ares V Iaunch remams only one

.. component = - N
Earth orbltal speed 29 79 km/s 1 AU/yr = 4 74 km/s SRV

g < Ares V Composite Shroud 5
!

/ IIE Spacecraft

Centaur V1
/ Used with Atlas V (MRO and NH) |
L Diameter: 3.05 m (10.00 ft)
¥ Length: 12.68 m (41.60 ft)
One RL-10A-4-2 engine

[- — Ares V Earth

Departure Stage

1 J-2X Engine
LOX/LH2

Al-Li Tanks/Structures

l ‘> Ares V Interstage

Ares V Core Stage
5 RS-68 Engines
LOX/LH2

Al-Li Tanks/Structure

Core diameter: 8.40 m (27.5 ft)
Length: 109.20 m (358.20 ft)

5-Segment
2 RSRBs

Payload: 124.6 MT LEO
54.6 MT TLI

http://www.astronautix.com/lvs/aresv.htm
(2/17/08)

< -+ 8 S'eptember‘»2’014v 3 S_cience_ 'and Endbiin,g Tec_:hno_logies .]:O'-.' Exp'lere .fhe Iht'efsfell_ar I_Viedi.un_i _.' R_LM - 2_4'7- .




Nuclear Upper Stage

<«— Ares V Composite Shroud

e
XA i SRh e 1
Nuclear stage-advantages - - RO S SRR Srian - lIE Spacecraft

> More perfermance than Centaur \[_1 . NERVA Gamma

Lower mass. .~ % 5o s T I S N ‘ Nuclear stage for Shuttle (1972)
Rt e £ A 15 klbf ‘ Diameter: 4.50 m (14.70 ft)
Earth escape trajectory A R R S AN P VR T = BNTR ¢ @il Length: 18.29 m (60.00 ft)

>
\ )r_ Fully fllght quallfled - £ e S : .:' g -~_'_ e‘ngl.ne_ :. A One NERVA Gamma engine

Nuclear stage dlsadvantages S S S R R /S‘;Saxu'zrzﬂs'lage
" More expensive than-Centaur ;- .. e i SN T Ay e | 1J-2X Engine
Larger-(low LH2 volume) 2 R Seela e e o M e A U LAY Al-Li Tanks/Structures
Not solar system escape trajectory A% e et i l
Requires development AN N T ; ; : ‘>AresVInterstage
* - - Gamma engine thrust 81 kN (18 209 Ibf) & BN l 25 A 53, ooER

- " BNTR engine thrust 66 -T'kN (15 000 Ibf) - ° |

s G % - 3 = L Ares V Core Stage
f 3 BNTR’ sbasellned for It.rs DRM400f1999 o S S TR s i ’ 5 RS-68 Engines

Nuclear Earth Departure Stage not acceptable i ' Loz

Al-Li Tanks/Structure
> Not: Earth-escape trajectory

» Comparable thrust englne to NERVA2 A S 5y ; SR . Core diameter: 8.40 m (27.5 ft)
= :Stage mass 178 321 kg wet 34 019 kg dry SR R e A R 5-Segment

; 2 RSRBs
= Compare S 1IVB: 119 900 kg Wet 13, 300 kg dry, J 2 486 2 kN (109 3 : 4
Ibf). g e Xy | 4 Payload: 124.6 MT LEO
' ' A S . - 54.6 MT TLI

$ ' .Y" ¥ 4 -: N . - % 2% 21 A ] " http://www.astronautix.com/Ivs/aresv.htm
> No,develqpment plans.gr_!d.entlfted requwements_ S = 2133 ¥ — rAl sy
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Comparing the Options: Speed to 200 AU and
Beyond

Ares V/Centaur

Ares V/2-Engine Centaur
Ares V/Nerva

Ares V/Centaur/No EP

Ares V/2-Engine Centaur/No EP . P be d
Ares V/Nerva/No EP ro S p e e
Ares V/Centaur/lJGA
Ares V/2-Engine Centaur/JGA .

Ares V/Nerva/JGA Ve rs u s
Ares V/Centaur/JGA/No EP y

e e . helioce ntrlc
Ares V/2-Engine Centaur/Star 48V/JGA/No EP O

/ - - distance

Ny / > To200AU.

\. NENy/ > Log dlstance .

77 . 7 JGAis the:

.
Iy
b}

s

>

<C

2=}
@
b}
Q

w

L
=

=
c
@
S

k)

o)

I

10°

Heliocentric Distance, AU
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Comparing the Options: Time to 200 AU

= Spread among
‘options'is ~22 s
- to 38 years to
200 AU |

,'- Wldens in gomg '
Ares V/Centaur
Ares V/2-Engine Centaur . to even Iarger

Ares V/Nerva -
Ares V/Centaur/No EP : d t

Ares V/2-Engine Centaur/No EP IS a n ces 2 3
Ares V/Nerva/No EP S

Ares V/Centaur/JGA ‘A I t I I h d
Ares V/2-Engine Centaur/JGA 3 n I I a g oa a
Ares V/Nerval/JGA

Ares V/Centaur/JGA/No EP : been 1 5 yea rs tO

-
S
o

—_
N
o

o]
o

-]
<
oy
3]
c
8
£
8 100
L
c
(]
3]
2
©
I

[o2]
o

N
o

Ares V/2-Engine Centaur/JGA/No EP

Ares V/Nerva/JGANo EP 2 0 O A U

Ares V/2-Engine Centaur/Star 48V/JGA/No EP

1 1 1 1
20 25 30 35 40
Time, years

. . 8 September:2014 . Science and Enabﬁng Tec_:hno_logies 'fto'-.' Explore the Interstellar Medium _.' RLM - 27" .



An Interstellar Probe Has Been Advocated for Over
30 Years...and Continues to Be Advocated

? NASA Studies National Academy Studies i

Outlook for Space, 1976 Physics through the 1990's - Panel on Gravitation, Cosmology, and
Cosmic Rays (D. T. Wilkinson, chair), 1986 NRC report

An implementation plan for solar system space physics, S. M. Solar and Space Physics Task Group Report (F. Scarf, chair),1988
Krimigis, chair, 1985 NRC study Space Science in the 21st Century - Imperatives for the
Decade 1995-2015

Space Physics Strategy-Implementation Study: The NASA Space Astronomy and Astrophysics Task Group Report (B. Burke, chair),
Physics Program for 1995-2010 1988 NRC study Space Science in the 21st Century - Imperatives for
the Decade 1995-2015

Sun-Earth Connection Technology Roadmap, 1997 The Decade of Discovery in Astronomy and Astrophysics (John N.
Bahcall, chair)

Space Science Strategic Plan, The Space Science Enterprise, 2000 The Committee on Cosmic Ray Physics of the NRC Board on
Physics and Astronomy (T. K. Gaisser, chair), 1995 report
Opportunities in Cosmic Ray Physics

Sun-Earth Connection Roadmaps, 1997, 2000, 2003 A Science Strategy for Space Physics, Space Studies Board, NRC,
National Academy Press, 1995 (M. Negebauer, chair)

NASA 2003 Strategic Plan The Sun to the Earth - and Beyond: A Decadal Research Strategy in
Solar and Space Physics, 2003

The New Science of the Sun - Solar System: Recommended Exploration of the Outer Heliosphere and the Local Interstellar
Roadmap for Science and Technology 2005 - 2035, 2006 Medium, 2004

Heliophysics: THE SOLAR AND SPACE PHYSICS OF A Priorities in Space Science Enabled by Nuclear Power and
NEW ERA; Recommended Roadmap for Science and Propulsion, 2006
Technology 2009-2030, May 2009
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It is just a question of how and when...

L'Garde Sdlar _Séilibrotbtybei .(ab_d‘_\‘/-e')""f A
. Boeing SLS'advanced concept (right). * = "

z : '8:September 2014 . 'Science and Enabling Technologies to Explore the Ihitérsteliar Medium - °




And the background ?
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