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A 15 year period of mission dePnition and development of key technologies re-
sults in an automated interstellar probe design. This is followed by a 20 year de-
velopment of man rated interstellar propulsion systems that results in the launch
of a manned exploration starship to Alpha Centauri.
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0%$-"-12- -="3."<- -I5"(%$-"2-$.'3+" %" 2%0 -
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2$%8&S'("<Yo-."+9b,"+--<""2/'+9"* " 3//"2%6(-":3, B%A," 5.! Interstellar Distances

2/ ++3+89"IAS"<-O-/%23+&"?'2'73/3,3-."3+" 2%+ $UF/3+&")A
3%+="7-'(3+&"/".-$"-+-$&5", B$%A&B".2'?-="&-+-$', 3+&"
+,3(,,-$"2'$,37/-. =" '3I9%6$3+&"+-;". $A?, AS/"(',-$31.="

,"3."+%,"-".5",9%"?%(2$-B-+<",B-"<3.,'+?-."3+0%/O-<"3+"
3+,-$.,-//'$",$'0-/9"),-$"//=";-"$-"%+/5"UA.,"7-&3++3+&", %"

1224.23' " B-"<3. '+?-" %/0-<"3+"3+.-$2/+-.'$5T-
< <L23+&" B 3R, ") P02, $ RIS 2o 73 B N2 3 HOWI0-< 3+ $2f - $OTL
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MB-"237?,A$-."3+":3&A$-"E"('5"/.%"B-/2"3+",$53+&" V6" ?%(
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e §(3+ 3006 UAS D23 B3+73,0 73,"%)"0'$,B9"MB-".A??-..30-"23$7?/-."B'O-"$'<33"3+7%$-'.3+&

’ ' o ! 75")'?,%8%."%)"ED9"}"B'O-",%",'S-"NO-"UA(2.")$%(",B-"

3+3,3/"23$7/-"7-)%$-"%AS$"-12'+<3+&" . 2B-$-"%)"3+,-$-.,"
-+2%(2".-." B-"+-'$-.,".,'$.9
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Figure 1 N The scale of deep space
(adapted from Hennes et al®)

!/ BYA&B",B-.-"<3.,'+2-."$-"/'$&-=",B-5"$-"+%,"A+.2F
+7/-9" "3/ 'S-" 3(-"+<"-P%$,="TA " B-5"?'+"7-"
7$3<&-<9":3$.,"75" A %(,-<"-12/%$',3%+"2$%7-.="+<"

,B-+"75"(+"Y"/-'O3+&"B3."B%(-",%"&%"%P",%"-12/%%$-"

+-;",%08$/<."$%A+<". $'+&-".A+.9

6. Mission Times to the Stars

*YAIT-" %) -PY%S, ", %" -+ <"%A, " 28% 7- "%+ +"

3+,-$.,-//'$"(3..3%+"A+/-.."-"2U%A/<"&- " B-"<' " 7'?S"
)$9%("3,"3+",3(-",%"7-"%)"A.-9"4-7'A.-"%)" B-"2$-.-+T-1

2%+-+,3'/"&$%;,B"%)".?3-+,3N?""+<" -?B+%/%&3P'/"2$%

&$-..=" B-"I'$&". 2'P3+&" T —+".'$." %A, "B-$-"3+" B-"
%A,.S3%,."%)" B-"a'/'15=",B-"./%;"2$";/"%)" B-".2--<"%)"

/38B,="+<"B-"BA(+"$'2-C."3+73/3,5",%"., +<".,3//="3,"3."
2$%7'7/-" B',"+5".23-+,3N?"2$%7-";B3?B"$-QA3$-."" %, /" '

(3..3%+",3(-"&$-',-$",B'+"KD"5-'$.";3//"7-".A2-$.-<-<"

-3,B-$"75"")".,-$"2$%7-="%%$"75"?%(2/-,-/5"+-;"?%+?-2,."

3(-"3."7%A, "H"5-'$.="%S$"Emn" %) "%A$"KD"5-'$"('13(A(9"
%6$"%,B-$"3+,-$-.,3+&".,'$.="/3S-"MA"G-,3","EE9mM"/3&B,"
5-$.=" B-"(3+3(A("(3..3%+",3(-"3."l["5-'$.9

gMB-$-"$-""1.%" B%.-";B%"$&A-",B',", B-"U%AS$+-5" %" %AS"
+'$-.,", '$"+-3&B7%$=";B3?B";%A/<" 'S-"]9C"5-'$.",", B-"
2--<"0%)"[3&B,="3." %%"[%+&" %" 2%+ .3<-$9"MBATB=";-"$-""?
2A.,%(-<" %<'5" %" U%AS$+-5."B'/)"; 5" $%A+<" B-";%6$/<"3+"
", -$"%) BY%AS. =" +<" BA<<-$" " B-" BYA&B,"%)""|T
5-'$"U%A$+-59'}". BYA/<"7-"$-(3+<-<="B%;-O-$=",B',"3+"
B-"2'. ="-12/%$-$.")?-<". A?B"U%A$+-5.";3,B"/-.." $-A3<'
3%+9"F'$2%"#96/%" . 2-+,"1["5-'$."%+"B3."$%A+<" $32")$%("
437" %"GB3+9""3.".%"+%,-:%$,B5" B',", B-"VA,?B"
A?7-.)AlI5"2%]/%+3R-<",B-"*+<3-."3+".23,-"06)" B-")'?," B,"
3," %%S" %(-""5-'$." %"0%5'&-" B-$-"+<"7'?S"75" B329;"
[I$+"23?S. Eng

>A$2$3.3+8&/5="3)"59%A"B'O-",B-"-+-$&5="3,"<%-."+%," 'S-"%+&"
6" &-" %" B-" 2--<"0%)"[3&B 9" 2$% 7-"22-/-$' - "Yo+-"
-'$,B"&$'03,5"[E"&\")%$"%+-"5-'$="3,";3//"B'O-"$-'?B-<"
&$-'-$" B'+"HDN"%)", B-".2--<"%)"/3&B,"3+""<3.,"+?-"%)"E0
"/3&B,"5-'$.9"% "2%A/<"+%:;"2%'., ") %$"C"5-'$.=" B-T"<-?-/
-$',-")%$"%+-"5-'$", %" $$30-","l/2B"G-+,'A$3"3+" T%A, "K"
5-'$.9"MB3.", 3(-"3."+%, "(A?B"/%+&-$",B'+", B-"(3+3(A("
$'0-/" 3(-"%)"j9C"5-'$.9"MBA . ="0-B3?/-"2?-/-$',3%+."
&$-',-$" B'+"E"&"<%"+%,"3(2$%0-",B-"(3..3%+",3(-".3&+3N
2'+,/59"M%%"0%0; +"22-/-$', 3%+"2"+"7-"""2$%7/-(="B%;
-0-$9

1"2$%7-";3,B"+"22-/-$', 3%+"%6)"EOEDD"&";%A/<" 'S-"ID"
5-$." %"$-"?2B",B-"1/2B" G-+, 'A$3"B/)T:'5"2%63+,=""+<"
{%AI<"%+/5"B'O-"$-'"?B-<"E0K",B-"O-/%7?3,5"%)"/3&B,9"*,"
UAI<"+%;" 'S-"+06,B-$"ID"5-'$." %"<-?-/-$' -9"I<<"3+"
[B-"j9C"5-'$."%6)" 2% ((A+37?',3%+",3(-="+<";-" --" B',"
B-"(3..3%+",3(-"3."2/%.-",%",B-"KD"5-'$"(' 13(A(9"MBA.="
[B-$-"3.""$'+&-"06)"2?-/-$',3%+."[DIDE"&" %"E"&\",B',"$-"
AT %S +"3+,-$.,-1'$"(3..3%+9

%)"%7,'3+3+&"3+)%%$(',3%+","/%+&"$'+&-.9"MB- .- P%+.3< MB-$-"3."/.%""$'+&-"%)"A.'7/-"O-/%7?3,3-.9"MB3."3.".--+"3+"

-$',3%%+.=";B3?7B"'$-"3+<-2-+<-+,"%)",B-" 52-"%$" (-, B%<"

,B-")%I/19%;3+&",'7/-.")%%$",B-"(3..3%+",3(-.",%"1/2B" G+

%)"2$%2A/.3%+="/-'<"A.",%".%(-"3+,-$-.,3+&"?%+?/A.3%+.'PH3 " +<"MA"G-,3") %$"0'$3%A."0-/%7?3,3-.9".";-"?'+".--"3+"

B-"0-1%73,5"+<"22-1-$,3%+"$"+&-.")%$""A. 7/-"3F -$
o11'$"23%7-9

B-"M7/-.="" B-"2$%7-"2%'.,"O-/%7?3,5"7-2%(-."B3&B-$"
JB+"DOE"?" B-"29%".," 3(-"7-2%(-." B%S$,-$="7A" B-"7P-/
-$,3%6+"2-$3%<."7-2%(-"/%+&-$9"> UV +=""";"%)"<F(3+3.B

[+-" BY%A/<"$-/3R-",B' "-O-+":3,B"0-$5"<0'+?-<"2$%PA/
3%+"5. -(.=",B-"(3..3%+",3(-."'$-"8%3+&" %"7-"/%+&9"
00-+"3)":-"B'<""2$%62A/.3%+".5.,-(", B',"2%A/<"&-,"%AS"
2$9%7-"A2" %" B-".2--<"%)"/3&B,"3+.,+,'+-06A./5="3,":%A/<"
. 3I/"'S-"9C"5-'$.")%$", B-"2$%7-", %", $'O-/", %" B-"+-'$-.,"
L$="+<"9C"5-'$.")%$" B-"(-..'&-.")$%(", B-"2$%7-" %"
$'O-/"T"2S9"MBA.=" B-"(3+3(A("3+,-$.,-//'$"(3..3%+"

3+&"$- AB+." - "BH="4<"" " B "0-/%723,3-."(A?B"
&$-'-$" B'+'%+-TB')"/3&B,"O-/%73,5"<%"+%,". 3&+3N?'"+ /5"
3(2$%0-",B-"(3..3%+",3(-." %", B-"+-'$75". '$.9
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Table 1 N Mission times to Alpha Centauri (4.3 light years)
Minimum Mission Time N 9 years

Maximum Acceleration Coast Time, Data Return, | Mission Time,

Velocity Time at 0.1 g, years years years
years

E9D"? ED D j9C Ej

Y Y Y Y Y
D9K"? K J j9C EK
DYj"? j H joc EX
DoC"? C EC j9C ID
DoI"? | IE j9C IX
D9E"? E iC joc jm
DODK"? DOK mK joC HD

Table 2 N Mission times to Tau Ceti (11.8 light years),
(18 other stellar systems are nearer) Minimum Mission Time N 24 years

Maximum Acceleration Coast Time, Data Return, | Mission Time,
Velocity Time at 0.1 g, years years years
years
E9D"? ED J El Im
Y Y Y Y Y
D9K"? K IE El Cm
DYj"? j Im El ii
D9C"? C iD El KK
DoI"? | JD El Xj
DOE"? E EID El ECC

*+ -$.,-1/'$"(3..3%+",3(-.")%$"575"2$%7-."..A(3+&"E"0ED"-'$,B"&$'03,5"'A+?B" 2?-/-$',3%+"+<"+%"<-?-/-$', 3%+"[:%$
;'$< EEQ
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MB-"3(2%6$,+,"2%63+," %"7-"$-2%&+3R-<"3." B',""A.'7/-"
3+,-$.,-1'$"2$%7-";3/"0-$5"135-15"%2-$',-"3+",B-"227-$'
3%+"$'+8-")$%("DIDE"&",%"E"&="+<" B-"0-/%7?3,5"$ +&"
)$%("D9E",%"DIK"?9

7. ! Energy Requirements

MB-"-+-$&5"$-QA3S-(-+,.")06$"+"3+,-$. -//'$"2$%7-"$-"
&%3+&" %"7-"B3&BY"™)";-"-. 3(,-",B'," B-"(.."%)"".(/I"
3+,-$.,-//'$"2$%7-"3."7%A, "EDD"S&") -$"3,"B"."$-'?B-<"3,."
2%'.,"0-1%723,5="+<";-" _A(-",B',",B-"2%".,"0-/%?3,5"3."E0
C",B-".2--<"06)"/3&B,"[B3&B"-+%A&B" B',"B-",%, /"(3..3%+"
3(-"3."$-".%+'7/\=",B-+",B-"-+-$&5" B',"-"B'O-"2A,"

13&B,"3."7%A,"EDEE"S3/%:;',, TB%AS$."%%$",B-",%.,'/"-/-?,$3
-+-$&5"23%-.-+,/5"28%<A?-<"3+",B-"L+3,-<">,"-.")%$",; %"
--S.9

1+96,B-$";'5", %" $5",%"2%6(2$-B-+<",B-"(%A+,"%) T+
-$&5"3+0%/0-<"3."+%," %"-12%-.."3,"3+" -$(."%)"S3/%;",, T
B%AS$.="7A,"3+"S3/%&$'(.9"MB3."?'+"7-"<%+-";3,B",B-")’
(%A."-QA',3%+"<3.2%0-$-<"75"03+.,-3+" B',"<-.2$37-.",B-"
$-(-+<0A."(%A+,"%)"-+-$&5" B',"?'+"7-"$-/-' -<"75"
B-"2%+0-$.3%+"%)"(".." %"-+-$&5

0p'(?!
L.3+&",B3.")%$(A/'=",B-"EDEE"S3/%;',, TB%AS$."%)"-+-$&5"

,B-"EDD"S3/%);',,TB%AS$."%)"-+-$&5"3+",B-"EDD"S3/%&%$'(".

S3/%&$'(."%)"("..9"[MB-"3+,-$. -/'$"2$%7-"2, AY/5"
-3&B."EMD'S3/%&S$'(."T"+%,"EDDh\

f?’l

,3%+"7-,;--+",$'+.(3,,-$"+<"$-?-30-$9"MB-$-"'$-"<-7",-."

YO- - BT-, ") %$ 3+, -$., 1/ $ 2% ((A+37", 3%+ TA,"
-3,B-$"?'+"7-"A.-<";3,B"$-" Yo+ 7/-"2$%U-?,3%+." %Y 2$-
45" 2B +06/%&50" %6 Yo +-"-1'(2/-=";-" 31" &30-"")-;"
+AT-$.")%$""+%+T%2,3(3R-<"/'.-$"296((A+37?', 3%+T.5.
~(")%$" $'+.(3..3%+"%)"<", ") $% (" "3+ -$.,-/$"2$%7-"
7'2S" %"0'$,B9

MB-"/'.-$"2%((A+37?',3%+".5. -("3." .. A(-<",%"B'O-
$+.(3,,-$"2%:-$"%) "E"S3/%:",, " +<"" $'+.(3,,3+&"2-$T
,A$-"%6)"EDD"(-,-$." [CDD")-- \9"MB-",$'+.(3,,3+&"+,-++"
2%AI<"-3,B-$"7-""B') T.3/0-$-<"7"l/%%+="" B3+"2/". 37"
BY%/%&S'("-+."%$""'$&-"$$'5"%)"I".-$"<3%<-."-"?B" (3,
Fr& (1')812,3%+"%)" 3113y, ="TA,"<<3+&"A2"29B-$
L 1573+ 96" 29%:-$) A" T-(9"MB-"+%+T,$303/"2$%7/-("%)"
(3+,'3+3+&"272A%' -"NEAS-"+<"[3&+(-+,"%)" B-" $'+T
(3,,-$",9%A/<"7-"3<-<" 3&+3N?'+ /5"75""7$3&B,=". -'<5"
23/%,"7-'("?2%(3+&")$% (" /' $&-"I".-$"%+"0'$,B9"]B-+"
'SUA.,(-+,."$-"('<-"%+" B-"2$%7-"%2,32.".%",B',"B-"

N/("

N-/<"%)"03-=",B-+",B-"$'+.(3,,-<"7-'(")$%(", B-"2$%7-"
3. A+3)%$("+<"2%3+,-<"7'2S"3+" B-"$3&B, "<3$-?,3%+9

1B-+",B-"+'$$%;"/".-$"7-'(")$%(",B-"2$%7-"$-"?B-."

,B-"0'$,B"%0-$")%AS$"/3&B,"5-'$.";'5="3,";3//"B'Q-"-1
<< 00" B "3, 313 AR - $&-"$-&3%+ )" . 2'2-"
%A," B-"0'$,B9"MB-"/'.-$""AL1";3//"7-"7%A,"ED"(3//3%+"
BY%,%+."2-8".-2%+<"2-$". QA'$-"(-,-$"%)"?%//-?,%$"'$-"

,B3.";%A/<"7-"7$3&B,"-+%A&B",%".--"%+""<'$S"+3&B,"3)"3,"

;-$-+C,")%$",B-"/3&B,")$%(",B-"1/2B"'G-+,'A$3".,'$". 5.
-(\9"MB-"<',"",$'+.(3..3%+"$',-",B","?'+"7-".-+,"%O-$"

MB3.". %A+<."/3S-""'$&-" (YoA+,"%)"-+-$&5="A+ 3/";-"7-&3+.B-"7-'("3.",B-+"I3(3,-<"%+/5"75",B-".3R-"%)",B-"?%/F-?,
%"$-/3R-" B',="3+" B-"5-'$"EHXK="3+" B-"2%'/"&$' -.""+<" B3+&"$$'5",B',";-";3.B",%"7A3/<9"[* "3."3+,-$-.,3+&" %" +%,-"

&' "+<"%3/"TAS+-$."%)",B-"-/-2,$3?'["2%;-$"2/'+,."3+",B-"

B',="T-2A-"%)" B-",3(-".2-."3+0%/O-<"3+"3+,-5.,-1/'$"

L+3,-<">,",-.=",B',"%0-$"EDD"S3/%&$'(."%)",B-"(3//3%+."%)(3..3%+.=";,-"<%0"+90,"+--<",%"&-,"$%A+<",%"7TA3/<3+&",B-"

Yo+ "%)")A-"2A,"3+" %" TAS+"3."+06,"2%(3+&" %A, "
<A.,="%S$"2%//A,3%+="TA,"3+.,-'<"3."<3.'22-'$3+&T ,%"$-"2
2-$"3+" B-")%$("%)"-/-?,$37'/"-+-$&50"8%%S-<""3+" B3."
VB 7834 06"$-2%6&+3R-",B',"(+S3+<"3."/$-'<5"3+"
38+3N?'+,"206+ $%/"%) " ;- %6(-" (YoA+,."%)"-+-$&50"IAS"
+-$&5"2%+,$%/"2'2'73/3,5"3."3+2$- . 3+&"-12%+-+,3'//5"
)$%("5-'$" %"5-'$=""+<":3//"'S-"" 3&+3N?'+ "UA(2";B-+"

" 06/0-" B-"2$%7/-(."%)" 2%+, $%//-<")A.3%-+"3+" BF"29%(
3+&"'<-7'<-.9

MB-"-+-$&5"$-QA3S-(-+,.")06$"+"3+,-$. -//'$"2$%7-"$-"
B3&BY"4A,",B-+",B-",3(-"2%(-.", %" A+?B",B-"N$.," A%
(,-<"3+,-$.,-//'$"2$%7-=",B-"$-QA3$-<"K"[%6$"KD\"S3/%&S (
96)"-+-$&5";3//"T-"+"3+.3&+3N?"+,"2',"%)",B-"++AT"+
3%+/"-+-$&5"TA<&,9

8.  Communication Over
Interstellar Distances

G%((A+37",3%+"%0-$"3+,-$.,-//'$"<3.,'+?-." A$+."%A,", %"
7-"?%(2'$',30-/5"-".5=""..A(3+&"2/'++3+&"'+<"?%%2T'

W%AS$+/"%)",B-"4$3,3.B"*+,-$2/"+-,'$5">%7?3-,5="_%/A(-"IH=

B="0G0//-?,3+&"$$'5"A+,3/",+"5-'$.") -$",B-"2$%7-"/-'O-.9\

9. I' Planning an Interstellar Mission

F%.,".2'2-"2$%&$'(."3+" B-"2". ,"B'O-"B'<""O-$5". $AP
AS$-<"(-, B%<")%$"228% ?B3+&",B-"2$%7/-("%)"2/' ++3+&"
"(3..3%+9":3$.,=" B-"/A+?B"0-B37?/-"; "23?S-<=" BF"3+
~$(-<3',-"7%%.,"., ' &-."2%(2',37/-";3,B" B-"/ A+?B"O- T
B37/-=",B-".2'7-7$)),=""+<" B-"(3..3%+"<3.,+?-"-$-"
2375-<9"MB-+"),-$",B-":-3&B,"<-<A?,3%+.")%$", B-"25%62A/
3%+ A" +-<-<" %"$-"2B"%$"%$73," B-" ' $&-,";-FF"<-
$A?,-<")$%(",B-".2'2-2%))," %, /";-3&B,=",B-"$-('3+3+&"
-3&B, "B 13, /- )\ %Y <) %$-12-83 T
(-+,.9'MB3."B3.,%%$3?'/"(- B%<"%)""22$%'?B3+&""(3..3%+"
&$-1"%A,"%)",B-"+-2-..3,5")%S$"ZI>I" %".,'$,"%2-$', 3%+."
:3,B",B-"7%%.,-$.",B",";-$-"0"3/'7/-")$%("(3/3,'$5"
$%7?S-,"28%&$'(.9"MB-+=",B-", 3(-"A$&-+?75"2/'?-<"%p+"
ZI>1" 96" &, (+ %o+ B-"(%%+"75" B-"-+<"9%)" B-"<-7T
'<"S-2,"3,"2%+., '+, /5" 34" ! -"%%) " B'O3+&" %" $-/5" %o +"
7%%. -$"/3(3,-<"(3..3%+.9

"229"JEE"T"JCI="EHXJ



* "3 "$-20h((-+<-<" B, ="7-?'A.-"%)", B-"O-$5"B3&B"-+-$&5" F%.,"<3.?A..3%+."%)"3+,-$. -//'$"(3..3%+.="-3,B-$"(++-<"
$-QA3$-(-+,.")%$"-O-+",B-"(%.,"(%<-.,"3+,-$.,-//'$"(3.T %$"A+(++-<="B'O-"..A(-<",B"," B-"2$3('$5"&%/";"."
3%+"+<" B-"$'23<"<-0-/%62(-+,"2$%8&S$-.."7-3+&"(<-"3+" | B-"<-,-2,3%+"%)"/3)-="+<"B'O-"?B%.-+",'$&-,". -//'$T.5.
(+5"%)" B-"2$%2A/.3%+" -2B+%/%8&3-.=" B’ " 1-/["2++-<"  ~(."2?%$<3+&/F"M%%" B3."+<="3,": %A/<"T-"<-.3$'T/-" %"

3+,-$.,-1/'$"-12/%%',3%+"2$%&S$ (".B%A/K".,'$,™,",B-" -2, &$%A2"%)". ,-I'$".5.,-(.")$%(";3,B3+",B-"ID"
%,B-$"-+<"%)",B-"$%?S-,".B32"3+",B-"<-.3&+"%)",B-"2$%7{3&B,T5-'$".2B-$-";B3?B"B'O-",B-"7-.,"2%..373/3,3-."%)"
3,.-)9 Wort,'3+3+8"2/"+-,'$5" 5. -(."?%+<A?30-",%"/3)-9

_ >3+2-"%+-".,'$="%AS">A+="3."2%.3,30-/5"S+%;+",%"2%. .-..""
10. Stellar Target Selection 2/'+-$5"5.,-(="3,"?"+"%+/5"7-" . A(-<"B'".'$."3(3 T

I'$" %" B-">A+"3." 2-2,$//" 52-="("..="$'<3A."+<"IA(3+V6.
3,5"1.%"B'O-".9%(-"2%..373/3,5"%)"2%. .-..3+&""2/"+-,'$5"
5.,-(9"45"A.3+&™.'$C.".3(3/'$3,5" 96" B-"SA+" " -|-F
3%+"2$3,-$3%+="1-"B%2-)A//5";3//"T-"?B%%.3+&" B&-,". -/
I'$".5.-(."+%, "%+/5")%$" B-3$"2%,-+,3/"2/+-'$5" 5., -(."
TA,"1.%"%+" B-3$"73/3,5" %" A22%$,"/3)-9

MB-$-"'$-"(+5"2$3,-$3"75";B3?B" %"?B%%.-",B-"2$3(-"
$&-,.")%S$"+"3+ -5, -//'$"2$%7-"(3..3%+9"MB-"2$3,-$3""+<"
JB-"13.,"311" 2B &S+ (%S-"T%A, ", B-")%$( T
3%+"%6) 2/ +-'$5" 5. -(.="+<" "1 $2B" B-"+-3&BT
7%$3+&".,-/I'$".5.,-(.")%$"2/ +-,.9" " B-"2$-.+" 3(-="
B-$-"$-" -O-+"2$3(-",'$&-,.";3,B3+"EI"/3&B,"5-'$."%)",B-"
>A+9"MB-5"$-"/3.,-<"3+"M7/-"C9

4-)%$-"-1'(3+3+&"<-.38&+.")%$"A,%('-<"3+,-$.,-/I'S"
2%%7-.="3,"3."'<O'+,'&-%A.", %" %S(A/',-""/3.,"%)". ,-I['$"
5.,-(")'$&-,. %S, B-.-"2$%7-.9"MB3."3."+-?-..'$5",%"&'3+"
'+"228-73',3%+"%)",B-"3((-+.-"<3.,'+?-."3+0%/0O-<=""+<"
BIMT-"AC)ALM -5 %S - 3+&" B-"2$%2A/.3%+" 5. ("
$-QA3%-(-+,.9

13,B3+"ID"/3&B,"5-'$."%)",B-">A+="B-$-"$-"KH".,-//'H'.5.
~("?%+,'3+3+&"'ME"03.37/-".,'$.9"MB-.-"3+?/A<-"|E".3+&/-"
. $.="EK"73+'$5=""+<"C",$32/-".5.,-(.9","2$-.-+,="%+/5"
-3&B,"2/'+-,'$5"?%(2'+3%+.",%",B-.-".,'$."B'O-"7--+"
<-,-?,-<=""+<"-0-+",B-.-"B'O-".,$'3+-<"-13.,3+&"<-,-T
,3%+",-?B+3QA-.9

Table 3 N Prime Targets for Interstellar Missions

Stellar Distance REIMENS

System (light years)

1/2B"'G-+,'A$3 j9C G/%.-.,".5.,-(9"M$32/-"[aD="gK="FK\9"G%(2%+-+,"""/(%.,"3<-+,3?'/", %"

>A+9"@3&B"2$%7'73/3,5"%)"'g83)-"7-$3+&i"2/+-,.9
A$+$<c.">,'$ J Gl%.-.," 5.,-("S+%;+" %6"B'O-"Yort-="+<"2-$B'2.",:96"%$" (%6$-"2/+-,'$5"
296(2+3%+.9" -$5".(1/="1%;"IA(3+%.3,5"$-<"<;'$)"[FK\9
8'/+<-"IEEmK mol 6-<"<;'$)"., $[FIV'S+%;+" %"B'O-""2/"+-,9
>%6$%3. moX 8'$8-="0-$5"7$3&B,".,'$"[ID\";3,B",B3,-"<;'$)"?%(2+3%+9
02.3/%+"0$3<'+3 ED9m >3+8/-".'$".5. (" J3&B,/5".(1/-$"+<"?2%%/-$" B'+" B-">A+"[qI\="('5"B'O-"

"l - $5" 5. (".3(3/'$" %" B-".%/'$".5.,-(9

#$%675%+ EEOC 8'$&-="B%,"B3,-"., $"[K\="-29%+<"0%+/5",9%6")/,'35"3+"IA(3+%.3,5"[;3,B3H
138B,"5-'$.9">5. -("?%+,'3+.".(//";B3,-"<;'$)9"

MA"G-,3" EE9m >3+&/-".'$"5.,-(=".3(3/'$"3+" 3R-"+<"/A(3+%.3,5",%" B-">A+"[a)\0"@3&E

W%AS$+/"%)",B-"4$3,3.B"*+,-$2/'+-,'$5">%?3-,5=" %/A(-"IH="229"JEE"T"ICI="EHXJ X



11 Interste”ar Probe DeS|gn .3<—T75T.3<-";3,B%A,'l3+.A/|,3%+I"+<".,3//“8‘0'“'"-&/3&37/'"
' ?$%..",'/S9

SASEUA+<3+8&"-7B"%)",B-". $A? AS"3+,-$2%0++-2, F+& TA+
< YAI< T "< 2% 0-$3+&"%) " ?,30-"23$?A3, PY6(2%

MB-"<-.38+"%)",B-"A,%+%(%A."3+,-$. ,-//'$"-12/%$',3%+"
2$%7-"3." B-"2$3,3?'/"<$303+&"3,-("3+"+5"2$%&$T") %$"3
-$.,-1'$""38&B,9"MB-"2$%7-"(A.,"8&%" %" B-".,-/'$".5.,-("
H+<"P'$$5 %A, " "2$-/3(3+$5"-12/%$',3%+"7-) %S$-"; "'+
2/'+" B-"("++-<"(3..3%+9"4-?'A.-"%)",B-"O-$5"/%+&"
'O-/""+<"?2%((A+3?',3%+",3(-."3+0%/O-<=",B-"2$%7-"
%) U%AS+5"3+0%/03+& " BI&B"&$ 03,5"27-/-§ 3%+.";3i5N - +&B.9" $(3+&/-<"13,B" B~ %A/ -"2'5, 371
B3&B"-+-$85"<-+.3,5"-+&3+-.=" B-"5-'$."06)"7%(7'$<(-+," <-,-?,%8."+<"?B-(37'/".-+.%%$.="//".%/3<"..",-="1["O-$5
&3+ BB A 5" G BOO-f%?3,5"%) EoCh B (/<" "3+,-8S-<"3+,%47-1-2 $%6+37" <383, ["23$7A3,
o-/%?s,5"%)"/3&5,:---+<",B-"<-?'<-."%)"%2-$',3%+--;3,B"+%-'E""";’,?/"A,,Z""'*<"f%cyf’,$<3’i'",:",B""';’,’?f?:,s‘-',',o/g)"’B‘F"‘?
(4.)%8"$-236="008"-O-+'<3 &+, 37"B-/2)$% ("0’ B=" 705+ <(3, S13B 38+ 112 -<72S <) NS,
(4. B4 -O-"%) " ) T<3'&+%.,3G=" /) T$-2'3$3+&="'BINA&B"B-"(~B". $A?,A$-9
(A/,32/5T$-<A+<'+,"28%7-"<-.3&+"(A.,"7-"<-0-/%2-<9" 1&'3+=":3,B"'<O"+?-."3+"%$&'+3?7"?%+<A?,%$"$-.-'$?B="
MB-"/%+&="$%A+<",$32"2%((A+3?",3%+",3(-"[MOJ"5-$.\"  B-.-".9/3<".,' -"<-,-2,%%$.="-(3,,-$."+<"23$?A3," 2% (2%
(‘S-."+5".%$,"%)"0'$,B.3<-"2%+,$%/"%)",B-"(3..3%+P%(  +-+,."('5"+%"%+&-$"7-"('<-"%)"(3?$%?3$?A3,."3+ (3
2/-,-15"%A,"%)",B-"QA-.,3%+9"MB-"'A,%+%(%A.")-' A$-."%) 2%+<A?,%$".3/32%+"?2B32.="7A,";3//"7-"(3+3T(37$%?3$?A3,."
\B-"29%(2A,',3%+'/"?3$?A3,$5"%)",B-"2$%7-";3//"B'O-",%"7-1+'+%6 T?3$?A3,.\")%$(-<"%A, "%)"/'$&-" .- (3?2%+<A?B+&"%$
<-0-/%2-<",%",B-"-1,-+,",B',",B-"2$%7-";3//"-1B373,".-(3T  &'+37?2"(%/-?2A/-.="-'"2B"/'$&-"(%/-?A/-"?B-(32'//5"<F
3+,-//3&-+,"7-B'O3%$";B-+"2$-.-+,-<";3,B"+-;"'+<"AF 3&+-<",9%0"2-$)%$(""?-$,'3+")A+?,3%+"3+",B-"?3$?A3,9"MB-"
)%$-.--+"23$2A(.,"+?-.9 23$?A3,.";%A/<"7-"g8&$%; +"/%+&";3,B" B-"%$&'+3T" . A2-$
?%+<A?,3+&"(-.B"$',B-$",B'+"('<-".-2'$',-/5"+<"<<-<"
9%",B-". $A?,A$-9"MB-$-";%A/<"7-"+%"2-+,$/"2%(2A,-$"3+"

9)"-1-?,$%( &+-,37"$'<3',3%+")$%("$'<3%";'O-." %" A/, $
O3%/-,"/3&B,"+<".%/3<".,",-"/".-$"<3%<-."2'27/-"%)-d

-?B" - I1'$".5.,-(";311"13(3,",B-"+A(7-$"%$";-3&B, "%)"
[+<-$"2$%7-."O"3/7/-"+<"2A, " 2$-(3A("%o+"1%+&T
$+&-"-+.9%$"2'2'73/3,3-.",%"&' B-$",B-"."(-"<',")$%("
%$73,9"MB-.-="3+", A$+="$-QA3$-"O-$5"B3&B"$-.%/A,3%
73/3,5")$%("%$73,'"/,3,A<-.=";B3?B"<$30-"A2",B-".3R-"%
A o I i e
o ' " T B'O-",B-""73/3,5",%"2-$)%%$("'+5")A+?,3%+"%)",B-";B%/-"
£,="<-.23,-" B-.-"+--<.")%6$"2-$) %$(+?-=",B-"-+-$&5" (-.B"[/,B%A&B"+%," %";-/\9
-QA3%$-(-+,.")%3$"?B3-03+&"0-/%?3,3-."+-'$",B',"%)"/3&B,"
%_?.%uié&_u B)l |0|$B_l|._3&B ll%)ll B_l|20$%7_ll.Bo:A/<||7_?|)S_2 n MB'“2%;'$")%$",B'"%2'$|,3%+"%)",B'"2$%7'"?%A/<"?%('"

%" (3+3(A(9"V-O-1%2(-+,"-P%S$,."%+"(Al,32/-") A+

o-'<"%)"7-3+&" 2%+ ?-+,$',-<"3+"%+-"2/'?-";B-$-"3," 2% A/<"
B3t 7 $%2B3? < (&-="%A/<"3+. -'<"7-"g<3.,$37
)A',-<i"—0-$5;B—$—"‘/%+&",B-"(—.B"3+ """ (A1,32/5T

. R ot men A2-$2%+<A?,30-"(&+-,32"7%, /-"?2%+,'3+(-+,"%)",B-"
,3%+"-(3,,-5.=""+,-++"-=" -+.9%3."+<"<" " 2$%?-..%63."' $-
o <..(%..é +3(3R-" B-"2'5/°/?<9 $%7-.9635."% 28%2A/.3%+"2/".("3."A.-<=",B3.":%A/<"7-"%7,'3+-<"3+"

’ ’ <33$-2,"-/-2,$32")%$(\"%$"2%//-?,-<"75",B-".%/3<". T-"<-
IB"-"<- 3$-"3+"+"3+ -$. -//'$"2$%7-"3."" ' $&-"2B5. 3 2.065.")$%(" B-",'$&"'$"$'<3", 3%+9
:/ 32'_2\&.(.’./15‘..382&5'25: g%;j ;ff‘,, ;g$:/o i?fg&ii% #)",B- <O - "3+ %R +37 96 T23$2A3,. " +<"2%(2A,-$"

e Op\m S R ' ' '$?7B3,-2,A$-"$-"$-/3R-<=" B-+",B-"2$%7-"2'5/%'<"(".."

$+.(3..3%+H\="//"2%(73+-<";3,B"/3&B,":-3&B,9 i/oA/<"7_"?<_fﬁQ§3 R e 3//"$_$I30+3+& IIII /?$&_("

[+-"206+2-2, A" 228%'?B" %" +"3+,-$.,-/'$"23%7-"3." %"  )$'2,3%+"%)",B-"%2-$',3%+/"2'2'73/3,3-."%)" (%$T 2%+

B'O-",B-"7".3?".,$A?,A$-",9%"7-"3+",B-")%$("%)""/'$&-" O-+,3%+"1"(-,B%<"%)"..-(7/3+&™".23-+,3N?"-12/%$', 3%+"
2B-$-"%)";3%-"(-.B9"MB-";3%-.",B",")%$(",B-"7'"?S7%+-"  2'5/%'<9"!"(-.B".2B-$-"%)"E0"ED"(3//3(-,-$"[jD"&'A&-\"
%)",B-"(-.B",%A/<"+%,"%+/5".-$O-".".,.$A?, A$/"(",-$3'/="  ;3%$-"EDD"(-,-$."[CDD")--\"3+"<3'(-,-$";3,B"3+,-$.-T
7A,".%" " B-"-/-2,$37'/"3+,-$?%++-?,3%+."7-,:--+" B-" ,3%+."-0-$5"2-+,3(-,-$";%A/<"%+/5";-3&B"™)-;" -+."%)"
O'$3%A."?,30-"2%(2%+-+,.9]3,B",B-"+-;"<0'+?-."3+" S3/%&$'(.9"0'?B"B-(3.2B-$-";%A/<"B'O-"7%A, "ERB"
%$&'+37". A2-$7%+<A?,%$."A+<-$;'5="3,"3."QA3,-"2%..37/3+,-$.-?,3%+.":3,B"?,30-"?3$?A3,." B',=":B-+"2$%2-$/5"
B, B-.-"g;3%-.1"3//"+%,"7-"('<-"%)" (-, I="TA,"3+.,-'<" 2B'.-<="?2%A/<"2$%03<-"".AT7.,'+,3'"?,30-"2-$,A$-") %$"

;3IMT-"('<-"%) "N+-"7 A+</-."%)"%$&'+3?"N7-$.="?B-(3?'//5" 7%,B",$'+.(3..3%+"+<"2%//-?,3%+"%)"-+-$&59

,'3/%%$-<",%"B'O-"B3&B".,$-+&,B="<3.2/'5". A2-$?%+<A?,3+&"
6 . $ $2% $§?';%A/<"/38—",%"—(ZB'.SR—",B',",B-'"7%O—"3."%+/5"%+—"

+<="34+"<<3,3%+="-1B373,"20+<A?,308,5"06+/5" TWo+&", Boy . 2N 228% 78" %' B1<- &%) "+ 3+ ., /'S

$-2,3%+"%)" B-"N7-$=":3,B"O-$5"/%;"2%+<A?,303,5"2§0% 2> /079" MB'"2'$ 32A/F%%+-". A(-."2-$,3+",-2B+%6/%&3?7/"
B-"N7-$1" BA ="TA+</-"06)" B- ~'NT-$."20A/<" 712 - <O+?-"3+",B-"2'$,32AI$"N-/<"%6)"%$&"+3?7"2%+<A?,%$.9"

W%AS$+/"%)",B-"4$3,3.B"*+,-$2/'+-,'$5">%?3-,5=" %/A(-"IH="229"JEE"T"ICI="EHXJ m



[,B-$"?%+?-2,."; %A/<"A.-",-?B+%/%&37?'["'<O'+7?-."F1
2-?,-<"3+"%,B-$"N-/<.9

>3+7-" B-"<-.3&+"%)",B-"2$%7-"3." B-"2$3,3?'/'<$303+&"3,
3473+ -$. I $"-12/%S, 3%+ 25%&S (="-". BUAI<".'$,"
%$S Yo+ ,-$+,30-"2$-/3(3+'$5"<-.3&+."$3&B, "+% 9"."
’B_III/,_$+I,30_II<_.3&+.II’IS_II)%$(:II;_II?I+II?I$$5II%A,llql

2/%$',%$5")-".373/3,5".,A<3-."%+",B-"?$3,37'/",-?B+%/%&37

2%%7/-(.\"A+?%0-$-<9".",B-"2$%7-"<-.3&+";%$S"2$%?--<.'
,%;'$<",B-"<3d?A/,"&%'1"%) """ ?%(2/-,-15" A, %+%(%A.="

B3&B"2%;-$="/%+&"/3)-="/3&B,;-3&B,"<-.3&+=",B-"T-?B+%/%

&3-".%723',-<"3,B".~+.9$.=".%/3<". ' -"(3,-$.="(37$%T
(3+3', A$3R',3%+="+<"296(2A -$".23-+2-.";3//"7-"<$30-+"
B'$<9"MB-" -2B+%/%&37?'/") /%A, ")$%(",B3."2$%&S$'(";3//"
7-"8$-,9"Z- ;" +<"T - -$" . %$.="+-") 7$37",3%+" -?BT
+3QA-.")%$"-/-2,$%+32"23$2A3,.="+-;"<-.3&+.")%$".-/) T
$-2'383+8=".-/)T<3'&+%.,32"2%(2A -$.="+<"+-;" %AS$?-."
)%$" B-"&-+-$',306+"+<" $'+.(3..3%+"%)"2%6B-$-+,"-+-$&5"
:3//"2$%03<-" 3&+3N?"+,"+-:"2'2'73/3,3-."3+"%A$" T+ ?$-".
3+&/5"-1-2,$%+32";%$/<9

N,-$""+A(7-$"%)"3,-$',3%+."%)",B-"-12/%3%',%$5"2$%7-"
<-.3&+=",B-";-3&B,"+<".3R-"%)",B-"2'5/%'<"+--<-<")%3$"
,B-"(3..3%+";3//["B'O-"7--+"<-N+-<"?/%.-/5"-+%A&B".%"
,B',"<-.3&+"+<"-+&3+--$3+&"%)",B-"2$%2A/.3%+".5.,- ("
?2'+"7-"A+<-$,'S-+9"*+" B-"ED",%"EK"5-'$."3+0%/0O-<"3+"
2%3%7-"<-.3&+=";-"-12-?,".3&+3N?'+,"2$%&%$-..";3//"B'O-"
7--+"('<-"3+"B3&B"-+-$&5"7-'(-<"2%;-$"/"'.-$.="?%F
$%//-<")A.3%+"A.3+&"-3,B-$"('&+-,32" 2%+, 3+(-+,"To$"/"
~$"3+<A?-<"3(2/%.3%+.="+A?/-'$";'$B-'<.="+<"+A?/-'$"
2B5.3?.9"MB-$-"('5"-O-+"B'O-"7--+".?3-+,3N?"7$FS
B$UA&B." B',";%A/<"2$%03<-"+-;")%$(."%)"-+-$&B" 2%+
0-3.3%+=".,%%'&-"%3$",$'+.(3..3%+9"|+-"%3$"(%$-"%)",B-.-"
<-0-1%2(-+,.";3//"2$%03<-",B-",-?B+%/%&37?'/"7".3.")%$"'+"
3+,-$.,-1'$"2$%2A/.3%+".5.,-(9

12. Interstellar Propulsion Techniques
[+?-",B-"<-.3&+"%)",B-"3+,-$.,-//'$"2$%7-"B".".,'73/3R-<"
3+".3R-"+<"("."+<"B"", B-$-)%$-".3R-<",B-"(3..3%+="
B-+"-"?'+"28%7?--<";3,B"<-N+3,30-".,A<3-."%+",B-"2$%
2A/.3%+"(-?B'+3.(",B",";-"$-"&%3+&",%"A.-" %" ['A+?B"
,B-"28%7-"%+"3,."3+,-$.,-//'$"U%AS+-59

12.1 General Discussion of
Interstellar Propulsion Techniques
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S < B(,, -8 +-$&BR-<"$96?S-,."<3.2A, <" -$"3+"
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B-$-",B-".%A$?-"%)"-1B'A.,"2'$,37/-."+<",B-".%A$?-"%)" or Payload Canisters
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321-.9" MH+"2-$"2-+,"3."3+" B-")%$("%) *6TL_"$'<3',3%+="
7A,"XD"2-$"2-+,"3."$-/-' -<" "(T$'5.9":3&A$-"C". ?B-('B
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Figure 6 N Interstellar Travel Using Beamed Laser Power
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