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A 15 year period of mission deÞnition 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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Abstract
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<3.?A..-<",B',"'$-"7'.-<"%+"EDTCD"5-'$"2$%U-?,3%+."%)"
2$-.-+,"<'5",-?B+%/%&5"<-O-/%2(-+,"2$%&$'(."3+"?%+T
,$%//-<"+A?/-'$")A.3%+="-/-(-+,'$5"2'$,3?/-"2B5.3?.="B3&B"
2%;-$"/'.-$.="'+<",B-$(%+A?/-'$"-12/%.3O-.9"!++A'/"
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,B-"(A/,3T73//3%+"<%//'$"/-O-/",%"2-'S"'$%A+<"IDDD"!V"
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1.! Apologia
*+"WA/5"EHXK=",B-">A7?%((3,,--"%+">2'?-">?3-+?-"'+<"
!22/3?',3%+."%)",B-"L+3,-<">,',-."@%A.-"%)"6-2$-.-+,'T
,3O-.".%/3?3,-<"2$%2%.'/."'+<"B-/<"B-'$3+&."%+"+-;"3<-'."
)%$")A,A$-"L+3,-<">,',-.".2'?-"2$%&$'(.E9"MB3."2'2-$"3."'"
.B%$,-+-<"O-$.3%+"%)"%+-"%)",B-"('+5"2$%2%.'/.",B',"
,B-5"$-?-3O-<I 9"MB-"2'2-$"?%+?-+,$',-.".2-?3N?'//5"%+"
UA.,"%+-"2%..37/-"'.2-?,"%)")A,A$-".2'?-"2$%&$'(."Y"3+T
,-$.,-//'$"-12/%$',3%+9"4-?'A.-"%)",B-"B3&B/5"2%/3,3?'/"'+<"

+%+T,-?B+3?'/"+',A$-"%)",B-".%/3?3,3+&"7%<5=",B-"/%+&T
$'+&-="7$%'<T7$A.B"2A$2%.-."%)",B-"B-'$3+&.="'+<",B-"
.2-?A/',3O-",B$A.,"%)",B-"2$%2%.-<"2$%&$'(=",B-"2'2-$"3."
(%$-"/5$3?'/",B'+",-?B+3?'/="'.";-//"'."7-3+&"%2,3(3.,3?"3+"
,B-"-1,$-(-9"@%;-O-$="*"7-/3-O-",B',"3+,-$.,-//'$"-12/%T
$',3%+";3//"B'22-+".%%+-$",B'+";-",B3+S="'+<";3//"O-$5"
/3S-/5")%//%;"'/%+&",B-"&-+-$'/"<3$-?,3%+."%A,/3+-<"3+",B-"
2'2-$9

Z%;"3,"3."/3S-/5",B'+"'+5"2$%&$'(")%$"3+,-$.,-//'$"-12/%T
$',3%+";3//"7-"'"?%%2-$',3O-"3+,-$+',3%+'/"2$%&$'("'+<"
;3//"A.-"3+,-//3&-+,"$%7%,."$',B-$",B'+")$'&3/-"('+9"@%;T
-O-$=",B-"2$%&$'("2$%2%.-<"B-$-"'..A(-.",B',",B-$-"3."
.A?B"'".,$%+&"L+3,-<">,',-."?%((3,(-+,",%"'"&%'/"%)"
3+,-$.,-//'$"-12/%$',3%+",B',",B-$-";3//"7-",B-".'(-"
.,$%+&"N+'+?3'/".A22%$,"'+<"$'23<"2$%&$-..",B',";-"-1T
2-$3-+?-<"3+",B-"L+3,-<">,',-."/A+'$"-12/%$',3%+"2$%T
&$'(9"*)",B3."?%((3,(-+,"<3<"%??A$="[A+)%$,A+',-/5"3,"3."
A+/3S-/5\",B-+",B-"L+3,-<">,',-.";%A/<"2$%?--<"%+"3,."
%;+"'+<"'+"3+,-$.,-//'$",$'+.2%$,";%A/<"7-"$-'<5"3+"IDIK"
!V9"]-",B-+";%A/<"2$%7'7/5"B'O-",%"A,3/3R-",B-"7-.,"%)"
,B-"3+,-//3&-+,"$%7%,."'O'3/'7/-"',",B',",3(-="-O-+"3)",B-5"
;-$-"('<-"%)"(-',"'+<"7%+-";3,B"3%+3?"?3$?A3,$59":%$"3)"
2$%&$-..";-$-",B',"$'23<=",B-"(%$-"$A&&-<"'+<"QA3?S-$"
(%<-/."('<-"%)"2/'.,3?"'+<".,--/";3,B"-/-?,$%+3?"?3$T
?A3,$5";%A/<"2$%7'7/5".,3//"7-"?B3/<$-+"3+",B-",-'?B3+&"
/'7%$',%$3-."'+<";%A/<"+%,"5-,"7-"$-'<5",%",'S-"%O-$",B-"
3(2%$,'+,",'.S"%)".2$-'<3+&"3+,-//3&-+,"/3)-",B$%A&B%A,"
,B-"L+3O-$.-9

The fu! version of the paper was published i" 
Volume II of ÒFuture Space Programs 1975,Ó a 
report of the Subcommittee on Space Scienc# 
and Applications, Committee on Science and 
Technology, United States House of Representa -
tives, Serial M, September 1975.

2.! Prologue
*('&3+-",B',",B3."3.",B-"5-'$"EHCK9"*,"B'."7--+"%O-$",B3$,5"
5-'$.".3+?-",B-"<3.?%O-$5"%)"$'<3A("75",B-"GA$3-.=",B-"
N$.,",$'+.',/'+,3?"$'<3%".3&+'/"75"F'$?%+3="'+<",B-"N$.,"
('++-<="B-'O3-$T,B'+T'3$"^3&B,"75",B-"]$3&B,"7$%,B-$.9"
*+",B-"2'.,"<-?'<-.=",B-"2'?-"%)".?3-+,3N?"'+<"-+&3+--$T
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3+&"<-O-/%2(-+,"B'."7--+"3+?$-'.3+&"$'23</59"MB-"+-;.T
2'2-$."?%+,'3+".,%$3-."'7%A,",$'+.?%+,3+-+,'/",-/-2B%+-"
?'//.=",-/-O3.3%+=",$'+.',/'+,3?"^3&B,."3+"'3$?$'),="'+<"
'$%A+<T,B-T;%$/<"^3&B,."3+",B-"a$')"b-22-/3+9"[!/(%.,"
A++%,3?-<";-$-"V$9"a%<<'$<c."N$.,"$%?S-,"^3&B,."+3+-"
5-'$."'&%9\

>A22%.-",B',"3+"EHCK="'")'$.3&B,-<"@%A.-"%)"6-2$-.-+,'T
,3O-."B'<")%$(-<"'">A7?%((3,,--"%+"!-$%+'A,3?'/">?3T
-+?-"'+<"!22/3?',3%+.",%"B%/<"B-'$3+&."%+")A,A$-"+'T
,3%+'/"'-$%+'A,3?."2$%&$'(.9"MB-">A7?%((3,,--";%A/<"
$-?-3O-"('+5";%$,B;B3/-"2$%2%.'/.")%$")A,A$-"2$%&$'(.9"
#$%&$'(.",%"<-O-/%2"(%$-"-P-?,3O-"2$%2A/.3%+".5.,-(."
[;B3?B";%A/<"B'O-"/-<",%"U-,"-+&3+-.\9"#$%&$'(.",%"<-T
O-/%2"/'$&-$"'3$?$'),"<-.3&+."?'2'7/-"%)"B'A/3+&".3&+3NT
?'+,"2'5/%'<."?B-'2/5"'+<"$'23</5"[;B3?B";%A/<"B'O-"/-<"
,%"?%((-$?3'/"'O3',3%+\9"#$%&$'(.",%"<-O-/%2"$'<3%"
'3<-<"'3$",$'d?"?%+,$%/"[;B3?B";%A/<"B'O-"/-<",%"$'<'$\9

>A22%.-",B',"<A$3+&",B%.-"B-'$3+&."3+"EHCK="'"+',3%+'/"
2$%&$'(")%$"3+,-$2/'+-,'$5"-12/%$',3%+";'."2$%2%.-<9"
MB-"2$%2%.-<"2$%&$'(";%A/<"B'O-"'+"3+3,3'/"&%'/"%)"
.-+<3+&"'+"'A,%(',-<"2$%7-",%",B-"F%%+";3,B3+"IK"
5-'$.=")%//%;-<"75",B-"/'+<3+&"%)"'"('+"%+",B-"F%%+"
;3,B3+"KD"5-'$.=";3,B")A$,B-$".,-2."/-'<3+&",%"('++-<"
-12/%$',3%+"%)",B-"2/'+-,.9"MB-"2$%&$'(";%A/<"2/'+",%"
A.-"'<O'+?-<"'3$?$'),"?%+.,$A?,3%+",-?B+3QA-.",%"2$%T
<A?-"$%?S-,."?%+,'3+3+&",B%A.'+<."%)",%+."%)")A-/=";3,B"
%+/5"'")-;",%+."%)"2'5/%'<9"MB-.-"-12-+.3O-"O-B3?/-."
;%A/<"%+/5"7-"A.-<"%+?-=",B-"O'$3%A."2'$,.",%"7-"
<$%22-<"3+,%",B-"%?-'+"%$"/-),"3+"%$73,"%$"%+",B-"F%%+9"
MB-"2%;-$"&-+-$',-<"75",B-"$%?S-,"-+&3+-."<A$3+&"
/'A+?B";%A/<"-QA'/",B-",%,'/"3+.,'//-<"-/-?,$3?'/"&-+-$'T
,3%+"?'2'73/3,5"%)",B-"L9>9"3+"EHCK"[ID=DDD"F]\9"MB-"
2$%&$'("?%.,"%O-$",B-"KDT5-'$"2-$3%<";%A/<"-QA'/",B-"
:-<-$'/"'22$%2$3',3%+.")%$"EHCK"[eX=KDD"(3//3%+\9"f-,",B-"
2$%2%.-$";%A/<"'..A$-"G%+&$-..",B',"'//",B3.";'."2%..3T
7/-";3,B"%+/5"2$-<3?,'7/-"EDTCD"5-'$"2$%U-?,3%+."%)"EHCK"
,-?B+%/%&59

*"<%A7,",B',"G%+&$-.."3+"EHCK";%A/<"B'O-".,$%+&/5"$-?T
%((-+<-<".A22%$,3+&".A?B"'"2$%&$'(9"g!"('+"%+",B-"
F%%+"3+"KD"5-'$.h"63<3?A/%A.hi

4A,"'B-'<"%)"A."3+"EHCK";%A/<"/3-")A$,B-$"'<O'+?-."3+",B-"
'-$%+'A,3?'/",-?B+%/%&3-."T"(31-<"A2";3,B="'+<"3+^AT
-+?-<"75=".?3-+,3N?"7$-'S,B$%A&B."'+<",B-".;3$/."%)"2%/3T
,3?.9">%(-"?%A/<"B'O-"7--+")%$-.--+="%,B-$."?%A/<"+%,9"
*+",B-"<-?'<-")%//%;3+&"EHCK=";-";%A/<"B'O-".--+",B-"
$-/-'.-"%)"+A?/-'$"-+-$&5"[7%,B")%$";-'2%+."'+<"2-'?-)A/"
2A$2%.-.\="$'<'$"'+<"/%+&"<3.,'+?-"$'<3%="U-,"'3$?$'),"'2T
2$%'?B3+&",B-".2--<"%)".%A+<="'+<",B-".A$2$3.-"<-.?-+,"
%)",B-"_TI"$%?S-,",B$%A&B",B-".S3-."%)"4$3,'3+9"@%;-O-$="
3,";%A/<",'S-"II"5-'$."7-)%$-",B-"'22-'$'+?-"%)"B3&B"
QA'/3,5"?%((A+3?',3%+",B$%A&B",B-",$'+.',/'+,3?",-/-T
2B%+-"?'7/-"'+<")'.,="?%()%$,'7/-",$'O-/"%+"?%((-$?3'/"
U-,."-O-+",B%A&B",B-.-",-?B+%/%&3?'/"$-.A/,.";-$-"2$-T
<3?,'7/-"'+<"2/'++-<"3+"EHCK9

@%;-O-$=",B-".'(-"II"5-'$.";%A/<"'/.%"A.B-$"3+",B-"
.2'?-"'&-="A+)%$-.--+"'+<"A+2/'++-<9"*,";%A/<".,'$,"
;3,B">2A,+3S"3+"EHKX=")%//%;-<"75"('++-<"%$73,'/"^3&B,="
'A,%(',-<"/A+'$"'+<"3+,-$2/'+-,'$5"2$%7-.="?%((A+3?'T
,3%+.".',-//3,-.="'+<"UA.,"Cj"5-'$.")$%("EHCK="%+"ID"WA/5"
EHJH="'"L+3,-<">,',-."'.,$%+'A,";'/S3+&"%+",B-"F%%+9

*,"3."3(2%$,'+,",%"$-?%&+3R-",B',",B-".,'$,"%)"3+,-$2/'+-T
,'$5".2'?-"^3&B,"<3<"+%,";'3,")%$",B-")A//"'+<"?%(2/-,-"
<-O-/%2(-+,"%)"'//",B-"2%,-+,3'/."%)"-'$,B"7%A+<"'-$%T
+'A,3?.9"]-"<3<"+%,"2/'+",B-".2'?-"'&-="7A,"3,"?'(-"'+5T
;'59"*,"?'(-"7-?'A.-"3,";'.",-?B+%/%&3?'//5"2%..37/-="'+<"
;'."2%/3,3?'//5"+--<-<9"]%A/<",B3+&."B'O-"7--+"<3P-$-+,"
3)",B-$-"B'<"7--+".%(-"2$-/3(3+'$5"2/'++3+&"<A$3+&",B-"
5-'$."EHCK",%"EHJDk"*)",B-$-"B'<"7--+"'"2/'+=";%A/<",B-"
.2'?-"2$%&$'(".,3//"B'O-"?%.,".%"(A?Bk"*)",B-$-"B'<"7--+"
'"2/'+=";%A/<"3,".,3//"B'O-"$-.A/,-<"3+"'"<3.$A2,3O-"$'23<"
-12'+.3%+"'+<"?%+,$'?,3%+"%)",B-"Z!>!"%$&'+3R',3%+"
'+<"3,."'..%?3',-<"?%+,$'?,%$.k"*)",B-$-"B'<"7--+"'"2/'+="
;%A/<";-".,3//"B'O-"<-O-/%2-<"'"('++-<".2'?-"2$%&$'("
;3,B"?'2'?3,5"%+/5")%$"/A+'$"-12/%$',3%+"'+<"+%"2%,-+,3'/"
)%$"3+,-$2/'+-,'$5";%$Sk"*)",B-$-"B'<"7--+"'"2/'+=";%A/<"
;-".,3//"B'O-"'")%A$T5-'$"&'2")$%("EHXK",%"EHXH";3,B%A,"'"
L+3,-<">,',-."'.,$%+'A,"3+".2'?-k

3. ! Introduction
*,"3."+%;"EHXK9"*,"B'."7--+"%O-$",B3$,5"5-'$.".3+?-",B-"
N$.,"?%+,$%//-<"$-/-'.-"%)"+A?/-'$"-+-$&5=",B-"<3.?%O-$5"
%)",B-"QA'+,A("(-?B'+3?'/"2$3+?32/-.",B',"/-<",%",B-"
/'.-$=",B-"<3.?%O-$5"%)"'+,3T(',,-$="'+<",B-"N$.,"<-(%+T
.,$',3%+"%)"?%+,$%//-<"/%+&T$'+&-"$%?S-,$5"75"]-$+B-$"
O%+"4$'A+"'+<"?%T;%$S-$.9"*+",B-"2'.,"<-?'<-.=",B-"2'?-"
%)".?3-+,3N?"'+<"-+&3+--$3+&"<-O-/%2(-+,"B'."7--+"3+T
?$-'.3+&"$'23</59"MB-"+-;.2'2-$."?%+,'3+".,%$3-."'7%A,"
('+c."-12/%$',3%+"%)",B-"F%%+=".%2B3.,3?',-<".-(3T
'A,%(',-<"/'+<3+&"2$%7-."7-3+&".-+,",%"F'$.=".2'?-"
2$%7-."2'..3+&"75"WA23,-$";3,B"-+%A&B"-+-$&5",%"&%".'3/T
3+&"%P"3+,%"3+,-$.,-//'$".2'?-"Y"+-O-$",%"$-,A$+",%",B-"
.%/'$".5.,-(="<-.3&+.")%$"/'.-$"!*G4F";-'2%+."?'2'7/-"
%)"7-'(3+&"(-&';',,."%)"2%;-$"%A,"3+,%",B-")$3+&-."%)"
.2'?-"'+<",B-"<-O-/%2(-+,"%)"('&+-,3?"7%,,/-."'+<"
.B%$,"2A/.-"/'.-$.")%$"?%+,$%//-<")A.3%+"[;3,B"3,."2$%(3.-"
%)"'/(%.,"A+/3(3,-<"'(%A+,."%)"-+-$&5\9

!")'$.3&B,-<"@%A.-"%)"6-2$-.-+,',3O-."B'.")%$(-<"'"
>A7?%((3,,--"%+">2'?-">?3-+?-"'+<"!22/3?',3%+.",%"
-12/%$-")A,A$-"+',3%+'/".2'?-"2$%&$'(.9"MB-".A7?%(T
(3,,--";3//"$-?-3O-"('+5";%$,B;B3/-"2$%2%.'/.")%$")A,A$-"
.2'?-"2$%&$'(.9"#$%&$'(.",%"A,3/3R-",B-"?'2'73/3,5"%)",B-"
.BA,,/-")%$"-'$,B"'22/3?',3%+."2$%&$'(.9"#$%&$'(.")%$"
.2'?-T7%$+-"%7.-$O',3%+."%)",B-"2/'+-,.="+-'$75".,'$.="
'+<",B-"<--2-$"$-'?B-."%)",B-"&'/'15"'+<"A+3O-$.-9"#$%T
&$'(.")%$",B-"?%/%+3R',3%+"%)".2'?-9"#$%&$'(.")%$"'A,%T
(',-<"'+<"('++-<"-12/%$',3%+"%)",B-"(%%+="'.,-$%3<.="
?%(-,."'+<"2/'+-,.9"#$%&$'(.",%"3+3,3',-"3+,-$.,-//'$"
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?%((A+3?',3%+";3,B",B%.-"'<O'+?-<",-?B+%/%&3-."?'2'T
7/-"%)"['+<"3+,-$-.,-<"3+\"?%((A+3?',3+&";3,B"A.9

*";%A/<"/3S-",%"2$%2%.-")%$",B-"?%((3,,--c."?%+.3<-$'T
,3%+"'")A,A$-"+',3%+'/".2'?-"2$%&$'(")%$"3+,-$.,-//'$"-1T
2/%$',3%+9"*,"3."'"N),5"5-'$"2$%&$'(",%".-+<"('+",%",B-"
.,'$.9"MB-"3+3,3'/"&%'/"3.",%"/'A+?B".%2B3.,3?',-<"'A,%+%T
(%A."2$%7-.",%",B-"+-'$-.,".,-//'$".5.,-(."7-)%$-",B-"
?-+,A$5"3."%A,"[,;-+,5TNO-"5-'$.")$%("+%;\9"MB-"3+,-$T
.,-//'$"2$%7-.";%A/<"A.-"'<O'+?-<"?%(2A,-$"(3?$%T
(3+3',A$3.',3%+",-?B+3QA-.",%"'?B3-O-"A+$3O'/-<"%$73,'/"
.A$O-3//'+?-"?'2'73/3,5"?%(73+-<";3,B"'/(%.,"BA('+"
3+,-//3&-+?-"3+"'")-;"S3/%&$'(."%)"2'5/%'<9"MB-"2%;-$"
&-+-$',-<

75",B-"3+,-$.,-//'$"2$%7-"/'A+?B"O-B3?/-"'."3,"/-'O-.",B-"
.%/'$".5.,-(";3//"'22$%'?B",B-",%,'/"3+.,'//-<"-/-?,$3?'/"
&-+-$',%$"?'2'?3,5"%)",B-"L+3,-<">,',-.",%<'59"MB-"?%.,"
%)",B-"2$%2%.-<"2$%&$'("%O-$",B-"+-1,"KD"5-'$.";3//"
2$%7'7/5"-QA'/",B-":-<-$'/"'22$%2$3',3%+.")%$"EHXK=";3,B"
,B-"2-'S"3+",B-"<-O-/%2(-+,"-12-+<3,A$-."%??A$$3+&"3+"
,B-"<-?'<-."'$%A+<",B-"5-'$"IDDD9"@%;-O-$=".A??-.."%)"
,B-"2$%&$'("<%-."+%,"<-2-+<"A2%+"-1%,3?"7$-'ST
,B$%A&B.".A?B"'.",B-"3+O-+,3%+"%)".2'?-";'$2."%$"'+,3T
&$'O3,5="'+<"?'+"7-"'??%(2/3.B-<";3,B"EDTCD"5-'$"2$%U-?T
,3%+."%)"2$-.-+,"<'5",-?B+%/%&59

*"$-QA-.,",B',",B-".A7?%((3,,--".-$3%A./5"?%+.3<-$".A?B"
'"2$%&$'("'+<"$-?%((-+<",B',"G%+&$-.."('S-"'O'3/'7/-"
,B$%A&B"Z!>!"'")-;"(3//3%+"<%//'$."2-$"5-'$")%$",B-"
+-1,"N),--+"5-'$.",%"2$%O3<-",B-".--<"(%+-5")%$"3+3,3'/"
2$%&$'("2/'++3+&"'+<"-12/%$',3%+"%)"?$3,3?'/",-?B+%/%&5"
'$-'.9

*,"3."3(2%$,'+,",%"$-'/3R-",B',"'+"3+,-$.,-//'$"-12/%$',3%+"
2$%&$'("<%-."+%,"+--<"'"2/'+9"*,";3//"?%(-";3,B%A,"
2/'++3+&9"lA$"<-O-/%23+&"?'2'73/3,3-."3+"?%+,$%//3+&")AT
.3%+="7-'(3+&"/'.-$"-+-$&5",B$%A&B".2'?-="&-+-$',3+&"
'+,3(',,-$"2'$,3?/-.=",'3/%$3+&"+-;".,$A?,A$'/"(',-$3'/.="
'+<"$-<L?3+&",B-".3R-"'+<"?%.,"%)"?%(2A,-$.";3//"('S-"
3+,-$.,-//'$"-12/%$',3%+",-?B+%/%&3?'//5")-'.37/-9"!//",B',"
;3//"7-"$-QA3$-<",%")%?A.",B3.",-?B+%/%&5"%+"3+,-$.,-//'$"
-12/%$',3%+";3//"7-",B-"2%/3,3?'/"+--<9"#%/3,3?'/"+--<."'$-"
+-?-..'$3/5"%)".B%$,-$"$'+&-",B'+",-?B+%/%&3?'/"&$%;,B"
?'2'73/3,3-.9"*)",B-$-"3."+%"2/'++3+&")%$"3+,-$.,-//'$"-12/%T
$',3%+=",B-"2%/3,3?'/"+--<";3//"7-"(-,="7A,"',",B-"?%.,"%)"
,B-"<3.$A2,3%+"%)",B-"$-.,"%)",B-"'?,3O3,3-.";3,B3+"%A$"
.%?3-,59"]3,B"2$%2-$"2/'++3+&"3+",B-"?%(3+&"5-'$.="3,"
;%A/<"7-"B%2-<",B',",B-"2%/3,3?'/"+--<=";B-+"3,"?%(-.="
?'+"7-"(-,";3,B"'"(3+3(A("<3.$A2,3%+",%"%A$",B-+"%+T
&%3+&"3+,-$2/'+-,'$5".2'?-"2$%&$'(."'+<"%A$"/3)-"B-$-"',"
B%(-"%+"0'$,B9"]3,B"2/'++3+&=";-"?'+"2$%<A?-"'+"3+,-$T
.,-//'$"-12/%$',3%+"2$%&$'(",B',";3//"+%,"%+/5".-+<"A.",%"
,B-".,'$."%+?-="7A,";3//"2$%<A?-"'".,$%+&",-?B+%/%&5"7'.-"
)%$"%A$"?%+,3+A-<"-12/%$',3%+"%)",B-"L+3O-$.-"'+<",B-"
<-,-$(3+',3%+"%)"%A$"2/'?-";3,B3+"3,9

4.! Feasibility of Interstellar Flight
a%3+&",%",B-".,'$."3."+%,"-'.5"T"7A,"3,"3."+%,"3(2%..37/-"
-3,B-$9"lA$">A+"3."3+",B-"%A,.S3$,."%)",B-"F3/S5"]'5"&'/T
'15";B-$-".,'$."'$-")-;"'+<")'$"7-,;--+9"M%",$'O-/",%",B-"
.,'$.";3//",'S-"5-'$."%)",3(-="&3&';',,."%)"2%;-$="S3/%T
&$'(."%)"-+-$&5="'+<"73//3%+."[3)"+%,",$3//3%+.\"%)"<%//'$.9"
f-,"3,"?'+"7-"<%+-"Y"3)";-";3.B",%9

Z%;=",B-$-"B'O-"7--+"('+5"2-%2/-"[.%(-"%)",B-("QA3,-"
;-//"S+%;+\=",B',"B'O-"g2$%O-<i"75"g?'/?A/',3%+i",B',"
3+,-$.,-//'$"^3&B,"3."g3(2%..37/-iC=j ==K=J=X9"!?,A'//5="3+"-'?B"
?'.-="'//",B-5"g2$%O-<i";'.",B',"&3O-+",B-"3+3,3'/"'..A(2T
,3%+.",B',",B-5")%$?-<"%+",B-"2$%7/-(=",B',",B-"2$%7/-("
;'."('<-".%"<3d?A/,",B',",B-5";-$-"A+;3//3+&",%"?%+T
.3<-$"3,")A$,B-$9

MB-$-"'$-"2-%2/-";B%"(3&B,"'<(3,",B-"A/,3(',-"2B5.3?'/"
)-'.373/3,5"%)"3+,-$.,-//'$"^3&B,="7A,";B%"QA-.,3%+",B-"
<-.3$'73/3,5"%)".A?B"'"2$%&$'(";B-+";-"?'+"&'3+"3+)%$T
(',3%+"'7%A,"3+,-$.,-//'$"3+,-//3&-+?-"(%$-"?B-'2/5"'+<"
(A?B")'.,-$"75"/3.,-+3+&";3,B"$'<3%",-/-.?%2-."B-$-"%+"
0'$,B9"*"'&$--",B',"3)",B-$-"3.".%(-%+-"',",B-"%,B-$"-+<"
;B%"3.";3//3+&",%",'/S=",B3."'22$%'?B";3//"('S-"'".3&+3NT
?'+,"?%+,$37A,3%+",%"%A$"S+%;/-<&-9"@%;-O-$="3+,-$.,-/T
/'$"-12/%$',3%+";3,B"'A,%(',-<"2$%7-.=";B3/-"2%..37/5"
(%$-"-12-+.3O-="3."<-N+3,-/5"(%$-"?-$,'3+",%"2$%<A?-"'"
?%+,$37A,3%+"%)"-QA3O'/-+,"O'/A-9

gMB3."2$%15"-12/%$',3%+"%)",B-"L+3O-$.-"3."?-$,'3+/5"%+-"
;'5"3+";B3?B"3,";%A/<"7-"2%..37/-",%"&'3+"S+%;/-<&-"%)"
.,'$".5.,-(.";B3?B"/'?S"&'$$A/%A.="$'<3%"-QA322-<"3+T
B'73,'+,.9i"[!$,BA$"G/'$S-m\9

5.! Interstellar Distances
*,"3."+%,"-'.5",%"?%(2$-B-+<",B-"<3.,'+?-."3+O%/O-<"3+"
3+,-$.,-//'$",$'O-/9"!),-$"'//=";-"'$-"%+/5"UA.,"7-&3++3+&",%"
'22$-?3',-",B-"<3.,'+?-."3+O%/O-<"3+"3+,-$2/'+-,'$5"-1T
2/%$',3%+9

l)",B-"73//3%+."%)"2-%2/-"/3O3+&",%<'5"%+",B3."&/%7-="
('+5"B'O-"+-O-$",$'O-//-<"(%$-",B'+"jD"S3/%(-,-$."
)$%(",B-3$"2/'?-"%)"73$,B9"l)",B-.-"73//3%+.="'")-;"<%R-+"
B'O-",$'O-//-<",%",B-"F%%+";B3?B"3."ED=DDD",3(-."jD"
S3/%(-,-$."';'59">%%+"%+-"%)"%A$"'A,%(',-<"3+,-$2/'+-T
,'$5".2'?-"2$%7-.";3//"7-"2'..3+&",B-"%$73,"%)"#/A,%="
ED=DDD",3(-.")A$,B-$"%A,"',"j"73//3%+"S3/%(-,-$.9"@%;T
-O-$=",B-"+-'$-.,".,'$"',"j9C"/3&B,"5-'$."3."ED=DDD",3(-."
)A$,B-$",B'+",B',="',"jD",$3//3%+"S3/%(-,-$."[j"1"EDEC"S(\9

MB-"23?,A$-."3+":3&A$-"E"('5"'/.%"B-/2"3+",$53+&",%"?%(T
2$-B-+<",B-".?'/-"%)",B-"<3.,'+?-."3+O%/O-<"3+"3+,-$.,-/T
/'$",$'O-/9"MB-"N$.,"?3$?/-"-+?/%.-."'"$-&3%+"EDTj"/3&B,"
5-'$."3+"$'<3A.9"MB-".?'/-"3.".A?B",B',";-"?'+".--",B-"%$T
73,"%)"0'$,B9"MB-".A??-..3O-"?3$?/-."B'O-"$'<33"3+?$-'.3+&"
75")'?,%$."%)"ED9"]-"B'O-",%",'S-"NO-"UA(2.")$%(",B-"
3+3,3'/"?3$?/-"7-)%$-"%A$"-12'+<3+&".2B-$-"%)"3+,-$-.,"
-+?%(2'..-.",B-"+-'$-.,".,'$.9
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Figure 1 Ñ The scale of deep space 
(adapted from Hennes et al9)

!/,B%A&B",B-.-"<3.,'+?-."'$-"/'$&-=",B-5"'$-"+%,"A+.2'+T
+'7/-9"*,";3//",'S-",3(-"'+<"-P%$,="7A,",B-5"?'+"7-"
7$3<&-<9":3$.,"75"'A,%(',-<"-12/%$',3%+"2$%7-.="'+<"
,B-+"75"('+"Y"/-'O3+&"B3."B%(-",%"&%"%P",%"-12/%$-"
+-;";%$/<."'$%A+<".,$'+&-".A+.9

6.! Mission Times to the Stars
*,";%A/<"7-"'";'.,-"%)"-P%$,",%".-+<"%A,"'"2$%7-"%+"'+"
3+,-$.,-//'$"(3..3%+"A+/-..";-"?%A/<"&-,",B-"<','"7'?S"
)$%("3,"3+",3(-",%"7-"%)"A.-9"4-?'A.-"%)",B-"2$-.-+,"-1T
2%+-+,3'/"&$%;,B"%)".?3-+,3N?"'+<",-?B+%/%&3?'/"2$%T
&$-..=",B-"/'$&-".2'?3+&"7-,;--+".,'$."%A,"B-$-"3+",B-"
%A,.S3$,."%)",B-"a'/'15=",B-"./%;"?$';/"%)",B-".2--<"%)"
/3&B,="'+<",B-"BA('+"$'?-c."3+'73/3,5",%".,'+<".,3//="3,"3."
2$%7'7/-",B',"'+5".?3-+,3N?"2$%7-";B3?B"$-QA3$-."'",%,'/"
(3..3%+",3(-"&$-',-$",B'+"KD"5-'$.";3//"7-".A2-$.-<-<"
-3,B-$"75"'")'.,-$"2$%7-="%$"75"?%(2/-,-/5"+-;"?%+?-2,."
%)"%7,'3+3+&"3+)%$(',3%+"',"/%+&"$'+&-.9"MB-.-"?%+.3<T
-$',3%+.=";B3?B"'$-"3+<-2-+<-+,"%)",B-",52-"%$"(-,B%<"
%)"2$%2A/.3%+="/-'<"A.",%".%(-"3+,-$-.,3+&"?%+?/A.3%+."%+"
,B-"O-/%?3,5"'+<"'??-/-$',3%+"$'+&-.")%$"'"A.'7/-"3+,-$T
.,-//'$"2$%7-9

l+-".B%A/<"$-'/3R-",B',"-O-+";3,B"O-$5"'<O'+?-<"2$%2A/T
.3%+".5.,-(.=",B-"(3..3%+",3(-."'$-"&%3+&",%"7-"/%+&9"
0O-+"3)";-"B'<"'"2$%2A/.3%+".5.,-(",B',"?%A/<"&-,"%A$"
2$%7-"A2",%",B-".2--<"%)"/3&B,"3+.,'+,'+-%A./5="3,";%A/<"
.,3//",'S-"j9C"5-'$.")%$",B-"2$%7-",%",$'O-/",%",B-"+-'$-.,"
.,'$="'+<"j9C"5-'$.")%$",B-"(-..'&-.")$%(",B-"2$%7-",%"
,$'O-/"7'?S9"MBA.=",B-"(3+3(A("3+,-$.,-//'$"(3..3%+"

,3(-"3."'7%A,"H"5-'$.="%$"Emn"%)"%A$"KD"5-'$"('13(A(9"
:%$"%,B-$"3+,-$-.,3+&".,'$.="/3S-"M'A"G-,3"',"EE9m"/3&B,"
5-'$.=",B-"(3+3(A("(3..3%+",3(-"3."Ij"5-'$.9

gMB-$-"'$-"'/.%",B%.-";B%"'$&A-",B',",B-"U%A$+-5",%"%A$"
+-'$-.,".,'$"+-3&B7%$=";B3?B";%A/<",'S-"j9C"5-'$."',",B-"
.2--<"%)"/3&B,="3.",%%"/%+&",%"?%+.3<-$9"M$A/5=";-"'$-"'?T
?A.,%(-<",%<'5",%"U%A$+-5."B'/)";'5"'$%A+<",B-";%$/<"3+"
'"(',,-$"%)"B%A$.="'+<".BA<<-$"',",B-",B%A&B,"%)"'"jT
5-'$"U%A$+-59"]-".B%A/<"7-"$-(3+<-<="B%;-O-$=",B',"3+"
,B-"2'.,="-12/%$-$.")'?-<".A?B"U%A$+-5.";3,B"/-..",$-23<'T
,3%+9"F'$?%"#%/%".2-+,"Ij"5-'$."%+"B3."$%A+<",$32")$%("
_-+3?-",%"GB3+'9"*,"3."'/.%"+%,-;%$,B5",B',",B-"VA,?B"
.A??-..)A//5"?%/%+3R-<",B-"*+<3-."3+".23,-"%)",B-")'?,",B',"
3,",%%S".%(-"j"5-'$.",%"O%5'&-",B-$-"'+<"7'?S"75".B329i"
[l$'+"Z3?S. ED\9

>A$2$3.3+&/5="3)"5%A"B'O-",B-"-+-$&5="3,"<%-."+%,",'S-"/%+&"
,%"&-,",%",B-".2--<"%)"/3&B,9"*)"'"2$%7-"'??-/-$',-."',"%+-"
-'$,B"&$'O3,5"[E"&\")%$"%+-"5-'$="3,";3//"B'O-"$-'?B-<"
&$-',-$",B'+"HDn"%)",B-".2--<"%)"/3&B,"3+"'"<3.,'+?-"%)"Eo
I"/3&B,"5-'$.9"*,"?%A/<"+%;"?%'.,")%$"C"5-'$.=",B-+"<-?-/T
-$',-")%$"%+-"5-'$",%"'$$3O-"',"!/2B'"G-+,'A$3"3+"'7%A,"K"
5-'$.9"MB3.",3(-"3."+%,"(A?B"/%+&-$",B'+",B-"(3+3(A("
,$'O-/",3(-"%)"j9C"5-'$.9"MBA.="O-B3?/-"'??-/-$',3%+."
&$-',-$",B'+"E"&"<%"+%,"3(2$%O-",B-"(3..3%+",3(-".3&+3NT
?'+,/59"M%%"*%;'+"'??-/-$',3%+"?'+"7-"'"2$%7/-(="B%;T
-O-$9

!"2$%7-";3,B"'+"'??-/-$',3%+"%)"EoEDD"&";%A/<",'S-"ID"
5-'$.",%"$-'?B",B-"!/2B'"G-+,'A$3"B'/)T;'5"2%3+,="'+<"
;%A/<"%+/5"B'O-"$-'?B-<"EoK",B-"O-/%?3,5"%)"/3&B,9"*,"
;%A/<"+%;",'S-"'+%,B-$"ID"5-'$.",%"<-?-/-$',-9"!<<"3+"
,B-"j9C"5-'$."%)"?%((A+3?',3%+",3(-="'+<";-".--",B',"
,B-"(3..3%+",3(-"3."?/%.-",%",B-"KD"5-'$"('13(A(9"MBA.="
,B-$-"3."'"$'+&-"%)"'??-/-$',3%+."[D9DE"&",%"E"&\",B',"'$-"
A.'7/-")%$"'+"3+,-$.,-//'$"(3..3%+9

MB-$-"3."'/.%"'"$'+&-"%)"A.'7/-"O-/%?3,3-.9"MB3."3.".--+"3+"
,B-")%//%;3+&",'7/-.")%$",B-"(3..3%+",3(-.",%"!/2B'"G-+T
,'A$3"'+<"M'A"G-,3")%$"O'$3%A."O-/%?3,3-.9"!.";-"?'+".--"3+"
,B-"M'7/-.="'.",B-"2$%7-"?%'.,"O-/%?3,5"7-?%(-."B3&B-$"
,B'+"D9E"?",B-"?%'.,",3(-"7-?%(-.".B%$,-$="7A,",B-"'??-/T
-$',3%+"2-$3%<."7-?%(-"/%+&-$9">%%+="'"/';"%)"<3(3+3.BT
3+&"$-,A$+.".-,."3+="'+<";-".--",B',"O-/%?3,3-."(A?B"
&$-',-$",B'+"%+-TB'/)"/3&B,"O-/%?3,5"<%"+%,".3&+3N?'+,/5"
3(2$%O-",B-"(3..3%+",3(-.",%",B-"+-'$75".,'$.9
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Table 1 Ñ Mission times to Alpha Centauri (4.3 light years) 
Minimum Mission Time Ñ 9 years

Maximum 
Velocity

Acceleration 
Time at 0.1 g, 

years

Coast Time, 
years

Data Return, 
years

Mission Time, 
years

E9D"? ED D j9C Ej

Y Y Y Y Y

D9K"? K J j9C EK

D9j"? j H j9C EX

D9C"? C EC j9C ID

D9I"? I IE j9C IX

D9E"? E jC j9C jm

D9DK"? D9K mK j9C HD

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

Maximum 
Velocity

Acceleration 
Time at 0.1 g, 

years

Coast Time, 
years

Data Return, 
years

Mission Time, 
years

E9D"? ED J EI Im

Y Y Y Y Y

D9K"? K IE EI Cm

D9j"? j Im EI jj

D9C"? C jD EI KK

D9I"? I JD EI Xj

D9E"? E EID EI ECC

*+,-$.,-//'$"(3..3%+",3(-.")%$"^575"2$%7-."'..A(3+&"E"oED"-'$,B"&$'O3,5"/'A+?B"'??-/-$',3%+"'+<"+%"<-?-/-$',3%+"[:%$T
;'$< EE\9
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MB-"3(2%$,'+,"2%3+,",%"7-"$-?%&+3R-<"3.",B',"'"A.'7/-"
3+,-$.,-//'$"2$%7-";3//"O-$5"/3S-/5"%2-$',-"3+",B-"'??-/-$'T
,3%+"$'+&-")$%("D9DE"&",%"E"&="'+<",B-"O-/%?3,5"$'+&-"
)$%("D9E",%"D9K"?9

7. ! Energy Requirements
MB-"-+-$&5"$-QA3$-(-+,.")%$"'+"3+,-$.,-//'$"2$%7-"'$-"
&%3+&",%"7-"B3&B9"*)";-"-.,3(',-",B',",B-"('.."%)"'".('//"
3+,-$.,-//'$"2$%7-"3."'7%A,"EDD"S&"'),-$"3,"B'."$-'?B-<"3,."
?%'.,"O-/%?3,5="'+<";-"'..A(-",B',",B-"?%'.,"O-/%?3,5"3."Eo
C",B-".2--<"%)"/3&B,"[B3&B"-+%A&B",B',",B-",%,'/"(3..3%+"
,3(-"3."$-'.%+'7/-\=",B-+",B-"-+-$&5",B',";-"B'O-"2A,"
3+,%",B',"EDD"S&"2'5/%'<",$'O-/3+&"',"EoC",B-".2--<"%)"
/3&B,"3."'7%A,"EDEE"S3/%;',,TB%A$."%$",B-",%,'/"-/-?,$3?'/"
-+-$&5"2$-.-+,/5"2$%<A?-<"3+",B-"L+3,-<">,',-.")%$",;%"
;--S.9

!+%,B-$";'5",%",$5",%"?%(2$-B-+<",B-"'(%A+,"%)"-+T
-$&5"3+O%/O-<"3."+%,",%"-12$-.."3,"3+",-$(."%)"S3/%;',,T
B%A$.="7A,"3+"S3/%&$'(.9"MB3."?'+"7-"<%+-";3,B",B-")'T
(%A."-QA',3%+"<3.?%O-$-<"75"03+.,-3+",B',"<-.?$37-.",B-"
,$-(-+<%A."'(%A+,"%)"-+-$&5",B',"?'+"7-"$-/-'.-<"75"
,B-"?%+O-$.3%+"%)"('..",%"-+-$&5

0"p"(? I

L.3+&",B3.")%$(A/'=",B-"EDEE"S3/%;',,TB%A$."%)"-+-$&5"3+"
,B-"EDD"S3/%;',,TB%A$."%)"-+-$&5"3+",B-"EDD"S3/%&$'("
2$%7-",$'O-/3+&"',"EoC"?",A$+."%A,",%"7-"-QA3O'/-+,",%"K"
S3/%&$'(."%)"('..9"[MB-"3+,-$.,-//'$"2$%7-"'?,A'//5"
;-3&B."EDK"S3/%&$'(."T"+%,"EDDh\

MB3.".%A+<."/3S-"'"/'$&-"'(%A+,"%)"-+-$&5="A+,3/";-"7-&3+"
,%"$-'/3R-",B',="3+",B-"5-'$"EHXK="3+",B-"?%'/"&$',-."'+<",B-"
&'."'+<"%3/"7A$+-$."%)",B-"-/-?,$3?'/"2%;-$"2/'+,."3+",B-"
L+3,-<">,',-.=",B',"%O-$"EDD"S3/%&$'(."%)",B-"(3//3%+."%)"
,%+."%)")A-/"2A,"3+",%"7A$+"3."+%,"?%(3+&"%A,"'."'.B="%$"
<A.,="%$"2%//A,3%+="7A,"3+.,-'<"3."<3.'22-'$3+&=",%"$-'2T
2-'$"3+",B-")%$("%)"-/-?,$3?'/"-+-$&59"8%%S-<"',"3+",B3."
;'5=";-"7-&3+",%"$-?%&+3R-",B',"('+S3+<"3."'/$-'<5"3+"
.3&+3N?'+,"?%+,$%/"%)"';-.%(-"'(%A+,."%)"-+-$&59"lA$"
-+-$&5"?%+,$%/"?'2'73/3,5"3."3+?$-'.3+&"-12%+-+,3'//5"
)$%("5-'$",%"5-'$="'+<";3//",'S-"'".3&+3N?'+,"UA(2";B-+"
;-".%/O-",B-"2$%7/-(."%)"?%+,$%//-<")A.3%+"3+",B-"?%(T
3+&"<-?'<-.9

MB-"-+-$&5"$-QA3$-(-+,.")%$"'+"3+,-$.,-//'$"2$%7-"'$-"
B3&B9"4A,";B-+",B-",3(-"?%(-.",%"/'A+?B",B-"N$.,"'A,%T
(',-<"3+,-$.,-//'$"2$%7-=",B-"$-QA3$-<"K"[%$"KD\"S3/%&$'(."
%)"-+-$&5";3//"7-"'+"3+.3&+3N?'+,"2'$,"%)",B-"'++A'/"+'T
,3%+'/"-+-$&5"7A<&-,9

8. ! Communication Over 
Interstellar Distances
G%((A+3?',3%+"%O-$"3+,-$.,-//'$"<3.,'+?-.",A$+."%A,",%"
7-"?%(2'$',3O-/5"-'.5="'..A(3+&"2/'++3+&"'+<"?%%2-$'T

,3%+"7-,;--+",$'+.(3,,-$"'+<"$-?-3O-$9"MB-$-"'$-"<-7',-."
3+",B-",-?B+3?'/"/3,-$',A$-"'.",%";B-,B-$"/'.-$."%$"(3?$%T
;'O-."'$-",B-"7-.,")%$"3+,-$.,-//'$"?%((A+3?',3%+"7A,"
-3,B-$"?'+"7-"A.-<";3,B"$-'.%+'7/-"2$%U-?,3%+."%)"2$-T
.-+,"<'5",-?B+%/%&59":%$"%+-"-1'(2/-=";-";3//"&3O-"'")-;"
+A(7-$.")%$"'"+%+T%2,3(3R-<"/'.-$"?%((A+3?',3%+".5.T
,-(")%$",$'+.(3..3%+"%)"<','")$%("'+"3+,-$.,-//'$"2$%7-"
7'?S",%"0'$,B9

MB-"/'.-$"?%((A+3?',3%+".5.,-("3."'..A(-<",%"B'O-"'"
,$'+.(3,,-$"2%;-$"%)"E"S3/%;',,"'+<"'",$'+.(3,,3+&"'2-$T
,A$-"%)"EDD"(-,-$."[CDD")--,\9"MB-",$'+.(3,,3+&"'+,-++'"
?%A/<"-3,B-$"7-"'"B'/)T.3/O-$-<"7'//%%+="'",B3+"2/'.,3?"N/("
B%/%&$'("/-+."%$"'"/'$&-"'$$'5"%)"/'.-$"<3%<-."-'?B"-(3,T
,3+&"'".('//")$'?,3%+"%)"'"(3//3;',,="7A,"'<<3+&"A2"?%B-$T
-+,/5"3+,%"'"2%;-$)A/"7-'(9"MB-"+%+T,$3O3'/"2$%7/-("%)"
('3+,'3+3+&"'??A$',-"N&A$-"'+<"'/3&+(-+,"%)",B-",$'+.T
(3,,-$";%A/<"7-"'3<-<".3&+3N?'+,/5"75"'"7$3&B,=".,-'<5"
23/%,"7-'("?%(3+&")$%("'"/'$&-"/'.-$"%+"0'$,B9"]B-+"
'<UA.,(-+,."'$-"('<-"%+",B-"2$%7-"%2,3?.".%",B',",B-"
23/%,"7-'("3."'".,-'<5"2%3+,"',",B-"2$%2-$"2/'?-"3+",B-"
N-/<"%)"O3-;=",B-+",B-",$'+.(3,,-<"7-'(")$%(",B-"2$%7-"
3."A+3)%$("'+<"2%3+,-<"7'?S"3+",B-"$3&B,"<3$-?,3%+9

]B-+",B-"+'$$%;"/'.-$"7-'(")$%(",B-"2$%7-"$-'?B-."
,B-"0'$,B"%O-$")%A$"/3&B,"5-'$."';'5="3,";3//"B'O-"-1T
2'+<-<".%",B',"3,";3//"3//A(3+',-"'"/'$&-"$-&3%+"%)".2'?-"
'7%A,",B-"0'$,B9"MB-"/'.-$"^A1";3//"7-"'7%A,"ED"(3//3%+"
2B%,%+."2-$".-?%+<"2-$".QA'$-"(-,-$"%)"?%//-?,%$"'$-'"
[,B3.";%A/<"7-"7$3&B,"-+%A&B",%".--"%+"'"<'$S"+3&B,"3)"3,"
;-$-+c,")%$",B-"/3&B,")$%(",B-"!/2B'"G-+,'A$3".,'$".5.T
,-(\9"MB-"<','",$'+.(3..3%+"$',-",B',"?'+"7-".-+,"%O-$"
,B-"7-'("3.",B-+"/3(3,-<"%+/5"75",B-".3R-"%)",B-"?%//-?,T
3+&"'$$'5",B',";-";3.B",%"7A3/<9"[*,"3."3+,-$-.,3+&",%"+%,-"
,B',="7-?'A.-"%)",B-",3(-".?'/-."3+O%/O-<"3+"3+,-$.,-//'$"
(3..3%+.=";-"<%"+%,"+--<",%"&-,"'$%A+<",%"7A3/<3+&",B-"
?%//-?,3+&"'$$'5"A+,3/",-+"5-'$."'),-$",B-"2$%7-"/-'O-.9\

9. ! Planning an Interstellar Mission
F%.,".2'?-"2$%&$'(."3+",B-"2'.,"B'O-"B'<"'"O-$5".,$A?T
,A$-<"(-,B%<")%$"'22$%'?B3+&",B-"2$%7/-("%)"2/'++3+&"
'"(3..3%+9":3$.,=",B-"/'A+?B"O-B3?/-";'."23?S-<=",B-+"3+T
,-$(-<3',-"7%%.,".,'&-."?%(2',37/-";3,B",B-"/'A+?B"O- T
B3?/-=",B-".2'?-?$'),="'+<",B-"(3..3%+"<3.,'+?-";-$-"
23?S-<9"MB-+"'),-$",B-";-3&B,"<-<A?,3%+.")%$",B-"2$%2A/T
.3%+")A-/"+--<-<",%"$-'?B"%$"%$73,",B-",'$&-,";-$-"<-T
<A?,-<")$%(",B-".2'?-?$'),",%,'/";-3&B,=",B-"$-('3+3+&"
;-3&B,"[;B',"/3,,/-";'."/-),\";'."'//%?',-<")%$"-12-$3 T
(-+,.9"MB3."B3.,%$3?'/"(-,B%<"%)"'22$%'?B3+&"'"(3..3%+"
&$-;"%A,"%)",B-"+-?-..3,5")%$"Z!>!",%".,'$,"%2-$',3%+."
;3,B",B-"7%%.,-$.",B',";-$-"'O'3/'7/-")$%("(3/3,'$5"
$%?S-,"2$%&$'(.9"MB-+=",B-",3(-"A$&-+?5"2/'?-<"%+"
Z!>!",%"&-,"'"('+"%+",B-"(%%+"75",B-"-+<"%)",B-"<-?T
'<-"S-2,"3,"?%+.,'+,/5"3+"'".,',-"%)"B'O3+&",%"$-/5"%+"
7%%.,-$"/3(3,-<"(3..3%+.9

W%A$+'/"%)",B-"4$3,3.B"*+,-$2/'+-,'$5">%?3-,5="_%/A(-"IH="229"JEE"T"JCI="EHXJ` J



*,"3."$-?%((-+<-<",B',="7-?'A.-"%)",B-"O-$5"B3&B"-+-$&5"
$-QA3$-(-+,.")%$"-O-+",B-"(%.,"(%<-.,"3+,-$.,-//'$"(3.T
.3%+"'+<",B-"$'23<"<-O-/%2(-+,"2$%&$-.."7-3+&"('<-"3+"
('+5"%)",B-"2$%2A/.3%+",-?B+%/%&3-.=",B',"'";-//"2/'++-<"
3+,-$.,-//'$"-12/%$',3%+"2$%&$'(".B%A/<".,'$,"',",B-"
%,B-$"-+<"%)",B-"$%?S-,".B32"3+",B-"<-.3&+"%)",B-"2$%7-"
3,.-/)9

10. Stellar Target Selection
4-)%$-"-1'(3+3+&"<-.3&+.")%$"'A,%(',-<"3+,-$.,-//'$"
2$%7-.="3,"3."'<O'+,'&-%A.",%")%$(A/',-"'"/3.,"%)".,-//'$"
.5.,-(",'$&-,.")%$",B-.-"2$%7-.9"MB3."3."+-?-..'$5",%"&'3+"
'+"'22$-?3',3%+"%)",B-"3((-+.-"<3.,'+?-."3+O%/O-<="'+<"
;3//"7-"A.-)A/"/',-$")%$"'..-..3+&",B-"2$%2A/.3%+".5.,-("
$-QA3$-(-+,.9

]3,B3+"ID"/3&B,"5-'$."%)",B-">A+=",B-$-"'$-"KH".,-//'$".5.T
,-(."?%+,'3+3+&"mE"O3.37/-".,'$.9"MB-.-"3+?/A<-"jE".3+&/-"
.,'$.="EK"73+'$5="'+<"C",$32/-".5.,-(.9"!,"2$-.-+,="%+/5"
-3&B,"2/'+-,'$5"?%(2'+3%+.",%",B-.-".,'$."B'O-"7--+"
<-,-?,-<="'+<"-O-+",B-.-"B'O-".,$'3+-<"-13.,3+&"<-,-?T
,3%+",-?B+3QA-.9

F%.,"<3.?A..3%+."%)"3+,-$.,-//'$"(3..3%+.="-3,B-$"('++-<"
%$"A+('++-<="B'O-"'..A(-<",B',",B-"2$3('$5"&%'/";'."
,B-"<-,-?,3%+"%)"/3)-="'+<"B'O-"?B%.-+",'$&-,".,-//'$".5.T
,-(."'??%$<3+&/59"M%",B3."-+<="3,";%A/<"7-"<-.3$'7/-",%"
.-/-?,"'"&$%A2"%)".,-//'$".5.,-(.")$%(";3,B3+",B-"ID"
/3&B,T5-'$".2B-$-";B3?B"B'O-",B-"7-.,"2%..373/3,3-."%)"
?%+,'3+3+&"2/'+-,'$5".5.,-(."?%+<A?3O-",%"/3)-9

>3+?-"%+-".,'$="%A$">A+="3."2%.3,3O-/5"S+%;+",%"2%..-.."'"
2/'+-,'$5".5.,-(="3,"?'+"%+/5"7-"'..A(-<",B',".,'$.".3(3 T
/'$",%",B-">A+"3.".2-?,$'/",52-="('..="$'<3A."'+<"/A(3+%.T
3,5"'/.%"B'O-".%(-"2%..373/3,5"%)"2%..-..3+&"'"2/'+-,'$5"
.5.,-(9"45"A.3+&"'".,'$c.".3(3/'$3,5",%",B-">A+"'."'".-/-?T
,3%+"?$3,-$3%+=";-"B%2-)A//5";3//"7-"?B%%.3+&",'$&-,".,-/T
/'$".5.,-(."+%,"%+/5")%$",B-3$"2%,-+,3'/"2/'+-,'$5".5.,-(."
7A,"'/.%"%+",B-3$"'73/3,5",%".A22%$,"/3)-9

MB-$-"'$-"('+5"?$3,-$3'"75";B3?B",%"?B%%.-",B-"2$3(-"
,'$&-,.")%$"'+"3+,-$.,-//'$"2$%7-"(3..3%+9"MB-"?$3,-$3'"'+<"
,B-"/3.,";3//"?B'+&-"'.";-"/-'$+"(%$-"'7%A,",B-")%$(' T
,3%+"%)"2/'+-,'$5".5.,-(.="'+<"'.";-".-'$?B",B-"+-3&BT
7%$3+&".,-//'$".5.,-(.")%$"2/'+-,.9"!,",B-"2$-.-+,",3(-="
,B-$-"'$-".-O-+"2$3(-",'$&-,.";3,B3+"EI"/3&B,"5-'$."%)",B-"
>A+9"MB-5"'$-"/3.,-<"3+"M'7/-"C9

Table 3 Ñ Prime Targets for Interstellar Missions

Stellar 
System

Distance 
(light years)

Remarks

!/2B'"G-+,'A$3 j9C G/%.-.,".5.,-(9"M$32/-"[aD="qK="FK\9"G%(2%+-+,"!"'/(%.,"3<-+,3?'/",%"
>A+9"@3&B"2$%7'73/3,5"%)"g83)-"7-'$3+&i"2/'+-,.9

4'$+'$<c.">,'$ J G/%.-.,".5.,-("S+%;+",%"B'O-"%+-="'+<"2-$B'2.",;%"%$"(%$-"2/'+-,'$5"
?%(2'+3%+.9"_-$5".('//="/%;"/A(3+%.3,5"$-<"<;'$)"[FK\9

8'/'+<-"IEEmK m9I 6-<"<;'$)".,'$"[FI\"S+%;+",%"B'O-"'"2/'+-,9

>%$%3. m9X 8'$&-="O-$5"7$3&B,".,'$"[!D\";3,B";B3,-"<;'$)"?%(2'+3%+9

02.3/%+"0$3<'+3 ED9m >3+&/-".,'$".5.,-(r"./3&B,/5".('//-$"'+<"?%%/-$",B'+",B-">A+"[qI\="('5"B'O-"
'"2/'+-,'$5".5.,-(".3(3/'$",%",B-".%/'$".5.,-(9

#$%?5%+ EE9C 8'$&-="B%,";B3,-".,'$"[:K\=".-?%+<"%+/5",%"!/,'3$"3+"/A(3+%.3,5"[;3,B3+"ID"
/3&B,"5-'$.\9">5.,-("?%+,'3+.".('//";B3,-"<;'$)9"

M'A"G-,3" EE9m >3+&/-".,'$".5.,-(=".3(3/'$"3+".3R-"'+<"/A(3+%.3,5",%",B-">A+"[aj\9"@3&B"
2$%7'73/3,5"%)"2%..-..3+&"'"g>%/'$T/3S-i"2/'+-,'$5".5.,-(9

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



11. Interstellar Probe Design
MB-"<-.3&+"%)",B-"'A,%+%(%A."3+,-$.,-//'$"-12/%$',3%+"
2$%7-"3.",B-"?$3,3?'/"<$3O3+&"3,-("3+"'+5"2$%&$'(")%$"3+T
,-$.,-//'$"^3&B,9"MB-"2$%7-"(A.,"&%",%",B-".,-//'$".5.,-("
'+<"?'$$5"%A,"'"2$-/3(3+'$5"-12/%$',3%+"7-)%$-";-"?'+"
2/'+",B-"('++-<"(3..3%+9"4-?'A.-"%)",B-"O-$5"/%+&"
,$'O-/"'+<"?%((A+3?',3%+",3(-."3+O%/O-<=",B-"2$%7-"
(A.,"/-'O-"<-?'<-."'B-'<"%)"('+9"MB-"$3&%$."'+<"/-+&,B"
%)"'"U%A$+-5"3+O%/O3+&"B3&B"&$'O3,5"'??-/-$',3%+.";3,B"
B3&B"-+-$&5"<-+.3,5"-+&3+-.=",B-"5-'$."%)"7%(7'$<(-+,"
'&'3+.,"3+,-$.,-//'$"(',,-$"',"'"$-/',3O-"O-/%?3,5"%)"EoC",B-"
O-/%?3,5"%)"/3&B,="'+<",B-"<-?'<-."%)"%2-$',3%+";3,B"+%"
(-'+.")%$"$-2'3$="%$"-O-+"<3'&+%.,3?"B-/2")$%("0'$,B="
(-'+.",B',"'"+-;"/-O-/"%)".-/)T<3'&+%.,3G=".-/)T$-2'3$3+&="
(A/,32/5T$-<A+<'+,"2$%7-"<-.3&+"(A.,"7-"<-O-/%2-<9"
MB-"/%+&="$%A+<",$32"?%((A+3?',3%+",3(-"[m9J"5-'$.\"
('S-."'+5".%$,"%)"0'$,B.3<-"?%+,$%/"%)",B-"(3..3%+"?%(T
2/-,-/5"%A,"%)",B-"QA-.,3%+9"MB-"'A,%+%(%A.")-',A$-."%)"
,B-"?%(2A,',3%+'/"?3$?A3,$5"%)",B-"2$%7-";3//"B'O-",%"7-"
<-O-/%2-<",%",B-"-1,-+,",B',",B-"2$%7-";3//"-1B373,".-(3T
3+,-//3&-+,"7-B'O3%$";B-+"2$-.-+,-<";3,B"+-;"'+<"A+T
)%$-.--+"?3$?A(.,'+?-.9

MB-"$-QA3$-(-+,")%$"(A/,32/-"2/'+-,'$5"-12/%$',3%+"',"
-'?B".,-//'$".5.,-(";3//"/3(3,",B-"+A(7-$"%$";-3&B,"%)"
/'+<-$"2$%7-."'O'3/'7/-"'+<"2A,."'"2$-(3A("%+"/%+&T
$'+&-".-+.%$"?'2'73/3,3-.",%"&',B-$",B-".'(-"<','")$%("
%$73,9"MB-.-="3+",A$+="$-QA3$-"O-$5"B3&B"$-.%/A,3%+"?'2'T
73/3,5")$%("%$73,'/"'/,3,A<-.=";B3?B"<$3O-"A2",B-".3R-"%)"
,B-",$'+.(3,,3+&"'+<"?%//-?,3+&"'2-$,A$-."<-.3$-<9

f-,="<-.23,-",B-.-"+--<.")%$"2-$)%$('+?-=",B-"-+-$&5"
$-QA3$-(-+,.")%$"'?B3-O3+&"O-/%?3,3-."+-'$",B',"%)"/3&B,"
'$-".%"/'$&-",B',",B-";-3&B,"%)",B-"2$%7-".B%A/<"7-"S-2,"
,%"'"(3+3(A(9"V-O-/%2(-+,"-P%$,."%+"(A/,32/-")A+?T
,3%+"-(3,,-$.="'+,-++'-=".-+.%$."'+<"<','"2$%?-..%$."'$-"
+--<-<",%"(3+3(3R-",B-"2'5/%'<9

]B',";-"<-.3$-"3+"'+"3+,-$.,-//'$"2$%7-"3."'"/'$&-"2B5.3T
?'/".3R-"[,%"&3O-",B-",$'+.(3,,3+&"'+<"$-?-3O3+&"'2-$,A$-."
<-.3$-<\="'+<"B3&B"2%;-$"[)%$"'?,3O-".%A+<-$."'+<"<','"
,$'+.(3..3%+\="'//"?%(73+-<";3,B"/3&B,";-3&B,9

l+-"?%+?-2,A'/"'22$%'?B",%"'+"3+,-$.,-//'$"2$%7-"3.",%"
B'O-",B-"7'.3?".,$A?,A$-",%"7-"3+",B-")%$("%)"'"/'$&-"
.2B-$-"%)";3$-"(-.B9"MB-";3$-.",B',")%$(",B-"7'?S7%+-"
%)",B-"(-.B";%A/<"+%,"%+/5".-$O-"'.".,$A?,A$'/"(',-$3'/="
7A,"'/.%"'.",B-"-/-?,$3?'/"3+,-$?%++-?,3%+."7-,;--+",B-"
O'$3%A."'?,3O-"?%(2%+-+,.9"]3,B",B-"+-;"'<O'+?-."3+"
%$&'+3?".A2-$?%+<A?,%$."A+<-$;'5="3,"3."QA3,-"2%..37/-"
,B',",B-.-"g;3$-.i";3//"+%,"7-"('<-"%)"(-,'/="7A,"3+.,-'<"
;3//"7-"('<-"%)"N+-"7A+</-."%)"%$&'+3?"N7-$.="?B-(3?'//5"
,'3/%$-<",%"B'O-"B3&B".,$-+&,B="<3.2/'5".A2-$?%+<A?,3+&"
[R-$%"/%..\"7-B'O3%$"-O-+"',"$%%(",-(2-$',A$-"%$"B3&B-$"
'+<="3+"'<<3,3%+="-1B373,"?%+<A?,3O3,5"%+/5"'/%+&",B-"<3T
$-?,3%+"%)",B-"N7-$=";3,B"O-$5"/%;"?%+<A?,3O3,5"'?$%.."
,B-"N7-$r",BA.="7A+</-."%)",B-.-"N7-$."?%A/<"7-"2/'?-<"

.3<-T75T.3<-";3,B%A,"3+.A/',3%+"'+<".,3//"B'O-"+-&/3&37/-"
?$%..",'/S9

>A$$%A+<3+&"-'?B"%)",B-".,$A?,A$'/"3+,-$?%++-?,3+&"7A+T
</-.";%A/<"7-"'"<-+.-"?%O-$3+&"%)"'?,3O-"?3$?A3,"?%(2%T
+-+,.".A?B"'."7$%'<7'+<".%/3<".,',-".-+.%$.")%$"'+5")%$("
%)"-/-?,$%('&+-,3?"$'<3',3%+")$%("$'<3%";'O-.",%"A/,$'T
O3%/-,"/3&B,"'+<".%/3<".,',-"/'.-$"<3%<-."?'2'7/-"%)"-dT
?3-+,/5"-(3,,3+&"-/-?,$%('&+-,3?"$'<3',3%+"%)"('+5"
;'O-/-+&,B.9"*+,-$(3+&/-<";3,B",B-.-";%A/<"7-"2'$,3?/-"
<-,-?,%$."'+<"?B-(3?'/".-+.%$.="'//".%/3<".,',-="'//"O-$5"
.('//="'+<"'//"3+,-&$',-<"3+,%"-/-?,$%+3?"<3&3,'/"?3$?A3,."
,B',"?%A2/-"'+<"?%%$<3+',-",B-"'?,3O3,3-."%)",B-"<-,-?T
,%$."'+<"-(3,,-$.";3,B".3&+'/."2'..-<"7'?S"'+<")%$,B"
,B$%A&B",B-"(-.B".,$A?,A$-9

!&'3+=";3,B"'<O'+?-."3+"%$&'+3?"?%+<A?,%$"$-.-'$?B="
,B-.-".%/3<".,',-"<-,-?,%$.="-(3,,-$."'+<"?3$?A3,"?%(2%T
+-+,."('5"+%"/%+&-$"7-"('<-"%)"(3?$%?3$?A3,."3+".-(3T
?%+<A?,%$".3/3?%+"?B32.="7A,";3//"7-"(3+3T(3?$%?3$?A3,."
[+'+%T?3$?A3,.\")%$(-<"%A,"%)"/'$&-".-(3?%+<A?,3+&"%$T
&'+3?"(%/-?A/-.="-'?B"/'$&-"(%/-?A/-"?B-(3?'//5"<-T
.3&+-<",%"2-$)%$("'"?-$,'3+")A+?,3%+"3+",B-"?3$?A3,9"MB-"
?3$?A3,.";%A/<"7-"g&$%;+i"'/%+&";3,B",B-"%$&'+3?".A2-$T
?%+<A?,3+&"(-.B"$',B-$",B'+"('<-".-2'$',-/5"'+<"'<<-<"
,%",B-".,$A?,A$-9"MB-$-";%A/<"7-"+%"?-+,$'/"?%(2A,-$"3+"
,B3."(%<-/"%)"'+"3+,-$.,-//'$"2$%7-9"MB-"?%(2A,-$="3+T
.,-'<"%)"7-3+&"?%+?-+,$',-<"3+"%+-"2/'?-";B-$-"3,"?%A/<"
.A.,'3+"?','.,$%2B3?"<'('&-=";%A/<"3+.,-'<"7-"g<3.,$37T
A,-<i"-O-$5;B-$-"'/%+&",B-"(-.B"3+"'"(A/,32/5T
$-<A+<'+,")'.B3%+9"!+5".('//".-?,3%+"%)",B-"(-.B";%A/<"
B'O-",B-"'73/3,5",%"2-$)%$("'+5")A+?,3%+"%)",B-";B%/-"
(-.B"['/,B%A&B"+%,".%";-//\9

MB-"2%;-$")%$",B-"%2-$',3%+"%)",B-"2$%7-"?%A/<"?%(-"
-3,B-$"'."'"7/--<T%P")$%(",B-"2$%2A/.3%+".5.,-("[3)"'"
.A2-$?%+<A?,3O-"('&+-,3?"7%,,/-"?%+,'3+(-+,"%)",B-"
2$%2A/.3%+"2/'.('"3."A.-<=",B3.";%A/<"7-"%7,'3+-<"3+"
<3$-?,"-/-?,$3?")%$(\"%$"?%//-?,-<"75",B-".%/3<".,',-"<-T
,-?,%$.")$%(",B-",'$&-,".,'$"$'<3',3%+9

*)",B-.-"'<O'+?-."3+"%$&'+3?"+'+%T?3$?A3,."'+<"?%(2A,-$"
'$?B3,-?,A$-"'$-"$-'/3R-<=",B-+",B-"2$%7-"2'5/%'<"('.."
?%A/<"7-"('<-"QA3,-".('//";B3/-".,3//"$-,'3+3+&"'"/'$&-"
)$'?,3%+"%)",B-"%2-$',3%+'/"?'2'73/3,3-."%)"'"(%$-"?%+T
O-+,3%+'/"(-,B%<"%)"'..-(7/3+&"'".?3-+,3N?"-12/%$',3%+"
2'5/%'<9"!"(-.B".2B-$-"%)"Eo"ED"(3//3(-,-$"[jD"&'A&-\"
;3$-"EDD"(-,-$."[CDD")--,\"3+"<3'(-,-$";3,B"3+,-$.-?T
,3%+."-O-$5"?-+,3(-,-$";%A/<"%+/5";-3&B"'")-;",-+."%)"
S3/%&$'(.9"0'?B"B-(3.2B-$-";%A/<"B'O-"'7%A,"EDm"(-.B"
3+,-$.-?,3%+.";3,B"'?,3O-"?3$?A3,.",B',=";B-+"2$%2-$/5"
2B'.-<="?%A/<"2$%O3<-"'".A7.,'+,3'/"'?,3O-"'2-$,A$-")%$"
7%,B",$'+.(3..3%+"'+<"?%//-?,3%+"%)"-+-$&59

*";%A/<"/3S-",%"-(2B'.3R-",B',",B-"'7%O-"3."%+/5"%+-"
?%+?-2,A'/"'22$%'?B",%",B-"<-.3&+"%)"'+"3+,-$.,-//'$"
2$%7-9"MB',"2'$,3?A/'$"%+-"'..A(-."?-$,'3+",-?B+%/%&3?'/"
'<O'+?-."3+",B-"2'$,3?A/'$"N-/<"%)"%$&'+3?"?%+<A?,%$.9"

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



l,B-$"?%+?-2,.";%A/<"A.-",-?B+%/%&3?'/"'<O'+?-."-1T
2-?,-<"3+"%,B-$"N-/<.9

>3+?-",B-"<-.3&+"%)",B-"2$%7-"3.",B-"?$3,3?'/"<$3O3+&"3,-("
3+"'+"3+,-$.,-//'$"-12/%$',3%+"2$%&$'(=";-".B%A/<".,'$,"
;%$S"%+"'/,-$+',3O-"2$-/3(3+'$5"<-.3&+."$3&B,"+%;9"!."
,B-"'/,-$+',3O-"<-.3&+.",'S-")%$(=";-"?'+"?'$$5"%A,"-1T
2/%$',%$5")-'.373/3,5".,A<3-."%+",B-"?$3,3?'/",-?B+%/%&3?'/"
2$%7/-(."A+?%O-$-<9"!.",B-"2$%7-"<-.3&+";%$S"2$%?--<."
,%;'$<",B-"<3d?A/,"&%'/"%)"'"?%(2/-,-/5"'A,%+%(%A.="
B3&B"2%;-$="/%+&"/3)-="/3&B,;-3&B,"<-.3&+=",B-",-?B+%/%T
&3-."'..%?3',-<";3,B".-+.%$.=".%/3<".,',-"-(3,,-$.="(3?$%T
(3+3',A$3R',3%+="'+<"?%(2A,-$".?3-+?-.";3//"7-"<$3O-+"
B'$<9"MB-",-?B+%/%&3?'/")'//%A,")$%(",B3."2$%&$'(";3//"
7-"&$-',9"Z-;"'+<"7-,,-$".-+.%$.="+-;")'7$3?',3%+",-?BT
+3QA-.")%$"-/-?,$%+3?"?3$?A3,.="+-;"<-.3&+.")%$".-/)T
$-2'3$3+&=".-/)T<3'&+%.,3?"?%(2A,-$.="'+<"+-;".%A$?-."
)%$",B-"&-+-$',3%+"'+<",$'+.(3..3%+"%)"?%B-$-+,"-+-$&5"
;3//"2$%O3<-".3&+3N?'+,"+-;"?'2'73/3,3-."3+"%A$"3+?$-'.T
3+&/5"-/-?,$%+3?";%$/<9

!),-$"'"+A(7-$"%)"3,-$',3%+."%)",B-"-12/%$',%$5"2$%7-"
<-.3&+=",B-";-3&B,"'+<".3R-"%)",B-"2'5/%'<"+--<-<")%$"
,B-"(3..3%+";3//"B'O-"7--+"<-N+-<"?/%.-/5"-+%A&B".%"
,B',"<-.3&+"'+<"-+&3+--$3+&"%)",B-"2$%2A/.3%+".5.,-("
?'+"7-"A+<-$,'S-+9"*+",B-"ED",%"EK"5-'$."3+O%/O-<"3+"
2$%7-"<-.3&+=";-"-12-?,".3&+3N?'+,"2$%&$-..";3//"B'O-"
7--+"('<-"3+"B3&B"-+-$&5"7-'(-<"2%;-$"/'.-$.="?%+T
,$%//-<")A.3%+"A.3+&"-3,B-$"('&+-,3?"?%+,'3+(-+,"%$"/'T
.-$"3+<A?-<"3(2/%.3%+.="+A?/-'$";'$B-'<.="'+<"+A?/-'$"
2B5.3?.9"MB-$-"('5"-O-+"B'O-"7--+".?3-+,3N?"7$-'ST
,B$%A&B.",B',";%A/<"2$%O3<-"+-;")%$(."%)"-+-$&5"?%+T
O-$.3%+=".,%$'&-"%$",$'+.(3..3%+9"l+-"%$"(%$-"%)",B-.-"
<-O-/%2(-+,.";3//"2$%O3<-",B-",-?B+%/%&3?'/"7'.3.")%$"'+"
3+,-$.,-//'$"2$%2A/.3%+".5.,-(9

12. Interstellar Propulsion Techniques
l+?-",B-"<-.3&+"%)",B-"3+,-$.,-//'$"2$%7-"B'.".,'73/3R-<"
3+".3R-"'+<"('.."'+<"B'.",B-$-)%$-".3R-<",B-"(3..3%+="
,B-+";-"?'+"2$%?--<";3,B"<-N+3,3O-".,A<3-."%+",B-"2$%T
2A/.3%+"(-?B'+3.(",B',";-"'$-"&%3+&",%"A.-",%"/'A+?B"
,B-"2$%7-"%+"3,."3+,-$.,-//'$"U%A$+-59

12.1 General Discussion of 
Interstellar Propulsion Techniques

MB-"-QA',3%+.",%"<-.?$37-",B-"%2,3(A("<-.3&+"%)"'"2$%T
2A/.3%+".5.,-("$-QA3$-<",%"$-'?B"+-'$T$-/',3O3.,3?"O-/%?3T
,3-."?'+"7-"O-$5"?%(2/3?',-<9"@%;-O-$=",B-"7'.3?")-'T
,A$-."%)",B-"<-.3$-<"2$%2A/.3%+".5.,-("?'+"7-"-12/'3+-<"
;3,B%A,"-QA',3%+.9

!".2'?-"O-B3?/-"3."2A.B-<")%$;'$<"75"3,."$%?S-,"-+&3+-"
7-?'A.-",B-"$%?S-,"-+&3+-"3.",B$%;3+&"2$%2-//'+,"2'$,3T
?/-."%A,"3,."-1B'A.,"',"'"B3&B".2--<"3+"%+-"<3$-?,3%+=".%"
,B-".2'?-.B32"$-.2%+<."75"(%O3+&"3+",B-"%22%.3,-"<3$-?T
,3%+9

Z%;="%+-"(3&B,",B3+S"',"N$.,",B',"3)",B-"$%?S-,"-1B'A.,"
O-/%?3,5";-$-"EoED",B-".2--<"%)"/3&B,=",B',",B-")'.,-.,",B-"
.2'?-.B32"?%A/<"(%O-";%A/<"7-"EoED",B-".2--<"%)"/3&B,9"
@%;-O-$=",B-"2$%2-//'+,"3."(%O3+&"'/%+&";3,B",B-".2'?-T
.B32"'+<",B-"O-/%?3,5",B',"?%A+,."3.",B-"O-/%?3,5";3,B"
;B3?B",B-"2'$,3?/-."/-'O-",B-"$%?S-,="+%,",B-"O-/%?3,5"
,B',",B-5"B'O-";3,B"$-.2-?,",%".2'?-9"MBA.="'".2'?-.B32"
?'+"',,'3+"'"N+'/"O-/%?3,5",B',"3."B3&B-$",B'+",B-"O-/%?3,5"
%)",B-"2'$,3?/-."3+"3,."-1B'A.,"U-,9"MB-$-"3."'".-O-$-"2-+T
'/,5")%$",B3.="B%;-O-$9

*)"5%A"<-.3$-"'"N+'/".2'?-.B32"O-/%?3,5",B',"3."&$-',-$"
,B'+",B-"-1B'A.,"O-/%?3,5=",B-+"5%A"(A.,"?'$$5"'"/%,"
(%$-"2$%2-//'+,",%"?%(2-+.',-")%$",B-"3+-d?3-+,"%2-$'T
,3%+"'+<"5%A$"('.."$',3%";3//"3+?$-'.-9"[MB-"('.."$',3%"3."
,B-"3+3,3'/"('.."%)",B-"$%?S-,"/%'<-<";3,B"'//"%)"3,.")A-/="
<3O3<-<"75",B-"N+'/"('.."%)",B-"$%?S-,"',"7A$+%A,9\"L+T
)%$,A+',-/5=",B-"('.."$',3%"3+?$-'.-."-12%+-+,3'//5"'."5%A"
&%",%"B3&B-$"'+<"B3&B-$"N+'/".2'?-?$'),"O-/%?3,3-.=".%"5%A"
$'23</5"$-'?B"'"2%3+,"%)"<3(3+3.B3+&"$-,A$+.="'+<"3,"3."
7-,,-$",%".2-+<"(%$-"-P%$,",%"N+<"'"(%$-"-+-$&-,3?")A-/9

@%;-O-$=".A$2$3.3+&/5"-+%A&B="'"O-$5"B3&B/5"-+-$&-,3?"
)A-/"3."'/.%"+%,"+-?-..'$3/5";B',"5%A";'+,")%$"(%.,"-dT
?3-+,"%2-$',3%+9"*,",A$+."%A,",B',")%$"(%.,"-d?3-+,"%2T
-$',3%+"%)"'"$%?S-,=",B-"O-/%?3,5"%)",B-"2'$,3?/-."3+",B-"
-1B'A.,"U-,".B%A/<"7-"?/%.-",%",B-"O-/%?3,5"%)",B-".2'?-T
?$'),9"*)",B-"2'$,3?/-"O-/%?3,5"3.",%%"B3&B"['."3,"3."3+"'"2B%T
,%+"$%?S-,=";B-$-",B-"-1B'A.,"2'$,3?/-."?%+.3.,"%)"$';"
-+-$&5"(%O3+&"',",B-".2--<"%)"/3&B,\=",B-+"<A$3+&",B-"
3+3,3'/"2B'.-."%)",B-",B$A.,"2-$3%<=",B-"-+-$&5"%)",B-")A-/"
3.".,3//"/'$&-/5"3+",B-"$'23</5"(%O3+&"-1B'A.,"'+<"+%,"3+"
,B-".2'?-?$'),9">3(3/'$/5="3)",B-"-1B'A.,"O-/%?3,5"3.",%%"
/%;=",B-+",%;'$<",B-"-+<"%)",B-",B$A.,"2-$3%<=",B-"
-U-?,-<"2'$,3?/-."'$-"/-),"3+".2'?-"(%O3+&"'/%+&"3+",B-"
<3$-?,3%+"%)",B-"$%?S-,="'+<"5%A"B'O-",B-$-)%$-"/%.,"
.%(-"%)",B-".2'?-?$'),"-+-$&5"3+"?'$$53+&",B-")A-/"'/%+&"
;3,B"5%A9

MBA.=";B-+-O-$",B-"-1B'A.,"O-/%?3,5"3.",%%"B3&B"%$",%%"
/%;=";-"B'O-"-+-$&-,3?'//5"3+-d?3-+,".5.,-("'+<";-"
(A.,"?'$$5"'/%+&"'"/%,"(%$-")A-/",%"('S-"A2")%$",B-"3+-)T
N?3-+?59

MB-$-"'$-".%(-"2$%2A/.3%+".5.,-(.";B-$-";-"'$-"'/ T
/%;-<",%"23?S",B-"2$%2-//'+,"('.."'+<"-+-$&5".%A$?-"
.-2'$',-/5"[,B3."3.",B-"?'.-")%$"2$-.-+,"<'5".%/'$"-/-?,$3?"
2$%2A/.3%+".5.,-(."'+<",B-"2$%2%.-<"/'.-$"B-',-<"$%?ST
-,."'+<"'+,3(',,-$"-+-$&3R-<"$%?S-,."<3.?A..-<"/',-$"3+"
,B3.".-?,3%+\9":%$",B-.-",52-."%)"2$%2A/.3%+".5.,-(.="?'/T
?A/',3%+.".B%;",B',",B-"%2,3(A("-1B'A.,"O-/%?3,5"3."
'7%A,"JoED",B-"N+'/"O-/%?3,5"5%A";'+,"3+",B-".2'?-?$'),="
'+<",B-"('.."$',3%"3."'7%A,"K9"MB',"3.=")%$"-O-$5"S3/%&$'("
%)"2'5/%'<="5%A"+--<"%+/5")%A$"S3/%&$'(."%)"2$%2-//'+,="
%$"'",%,'/"/'A+?B"('.."%)"K"S3/%&$'(.9"*)"5%A";'+,",%"<-T
?-/-$',-"'&'3+"',",B-",'$&-,".,'$=",B-+",B3."$-QA3$-."'"('.."
$',3%"%)"K"3+"-'?B".,'&-="%$"'",%,'/"/'A+?B"('.."$',3%"%)"IK9"
[MB3."('.."$',3%"(3+3(A("3."$-/',3O-/5"3+<-2-+<-+,"%)"
,B-"N+'/"O-/%?3,5"-1?-2,")%$"O-/%?3,3-."&$-',-$",B'+"EoI"?9\
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!"('.."$',3%"%)"IK"3."+%,"'"B3&B"('.."$',3%="'+<"(%.,"%)"
%A$".2'?-".B%,."B'O-"A.-<"(A?B"B3&B-$"%+-.9"M%"',,'3+"
,B3."(3+3(A(="B%;-O-$="$-QA3$-.",B',";-".-2'$',-",B-"
-+-$&5".%A$?-")%$",B-"$%?S-,")$%(",B-"2$%2-//'+,"2'$,3T
?/-."[$-'?,3%+"('..\9

Z%;"3+"('+5"2$%2A/.3%+".5.,-(.=";-"'$-"+%,"'//%;-<",%"
23?S"%A$"-1B'A.,"O-/%?3,5"'$73,$'$3/59"*+",B%.-".5.,-(."
;B-$-",B-".%A$?-"%)"-1B'A.,"2'$,3?/-."'+<",B-".%A$?-"%)"
-+-$&5"'$-"%+-"'+<",B-".'(-"['."3+"2$-.-+,"<'5"?B-(3?'/"
$%?S-,."'+<",B-"2$%2%.-<")A.3%+"$%?S-,."'+<"+A?/-'$"
2A/.-"$%?S-,.\=",B-"-1B'A.,"O-/%?3,5"3."<-,-$(3+-<"75",B-"
?B'$'?,-$3.,3?."%)",B-")A-/9"M523?'//5=",B-.-"-1B'A.,"O-T
/%?3,3-."'$-"/%;-$",B'+";-";%A/<"/3S-="'+<",B-$-)%$-"
,B-.-"$%?S-,."$-QA3$-"/'$&-"('.."$',3%.9

MB-"<-.3&+=")-'.373/3,5"<-(%+.,$',3%+="'+<"<-O-/%2(-+,"
%)",B-"2$%2A/.3%+".5.,-(";3//"7-",B-"(%.,"-12-+.3O-"2%$T
,3%+"%)",B-"3+,-$.,-//'$"-12/%$',3%+"2$%&$'(9">3+?-",B-"
<3d?A/,5"'+<"?%.,"3."2$%2%$,3%+'/",%",B-".3R-"%)",B-"2'5T
/%'<",B',"(A.,"7-"/'A+?B-<="3,"3."$-?%((-+<-<",B',".3&T
+3N?'+,"-P%$,"%+",B-"2$%2A/.3%+"2%$,3%+"%)",B-"2$%&$'("
7-"<-)-$$-<"A+,3/",B-"(3..3%+"'+<"2$%7-"<-.3&+"'$-"(%$-"
?-$,'3+9

MB-$-"'$-"+%,"%+-="7A,"NO-"2%..37/-",-?B+3QA-.")%$"3+,-$T
.,-//'$"2$%2A/.3%+",B',"B'O-"$-?-3O-<"-+%A&B",-?B+3?'/"
.,A<5".%",B',";-"S+%;",B',",B-5"B'O-",B-"7'.3?"2B5.3?'/"
)-'.373/3,5"'.";-//"'."-+-$&5"'+<"2%;-$"?'2'?3,5",%"7-"
?%+.3<-$-<")%$"3+,-$.,-//'$"2$%2A/.3%+9"!//"%)",B-(".,3//"
$-,'3+"'"+A(7-$"%)",-?B+3?'/"A+?-$,'3+,3-."'+<";3//"$-T
QA3$-".3&+3N?'+,"-+&3+--$3+&"-P%$,"7-)%$-",B-5"?'+"7-"
.'3<",%"7-"-+&3+--$3+&/5")-'.37/-9

MB-"NO-",-?B+3QA-."'$-s"+A?/-'$"2A/.-"2$%2A/.3%+="?%+T
,$%//-<")A.3%+"$%?S-,="3+,-$.,-//'$"$'(U-,="7-'(-<"2%;-$"
/'.-$"2$%2A/.3%+="'+<"'+,3(',,-$"-+-$&3R-<"2$%2A/.3%+9

ÒWith so many theoretical possibilities for inter -
stellar ßight, we can be sure that at least one will 
be realized in practice. Remember the history of 
the atomic bomb; there were three di!erent ways 
in which it could be made, and no one knew which 
was best. So they were all tried Ñ and they all 
worked.Ó (Arthur Clarke 12).

12.2 Nuclear Pulse Propulsion

MB-"+A?/-'$"2A/.-"2$%2A/.3%+"?%+?-2,";'."<-O-/%2-<"3+"
,B-"-'$/5"EHJDc."',"aA/)"a-+-$'/"!,%(3?"[#$%U-?,"l$3%+\9"
MB-"2$%2A/.3%+".5.,-("%2-$',-.".3(2/5"75"U-,,3.%+3+&"'"
+A?/-'$"7%(7="-12/%<3+&"3,="'+<"'7.%$73+&"2'$,"%)",B-"
(%(-+,A("%)",B-"$-.A/,3+&"<-7$3.9":3&A$-"I".B%;."'"
.S-,?B"%)"'".('//"+A?/-'$"2A/.-"O-B3?/-9"MB-"$-'$"%)",B-"
O-B3?/-"%$"g-+&3+-i"3."?%(2%.-<"%)"-..-+,3'//5",B$--"
2'$,.s"'+"'7/',3%+".B3-/<o2A.B-$"2/',-="'+"'$$'5"%)"/'$&-"
.B%?S"'7.%$7-$.="'+<"'"(-?B'+3.(")%$"-U-?,3+&",B-"
7%(7.9"MB-")%$;'$<".-?,3%+"%)",B-"O-B3?/-"?%+.3.,."%)"
,B-")A-/"%$"7%(7"('&'R3+-="'+<",B-"2'5/%'<9

External Bomb Magazine
or Payload Canisters

Shock Absorbers

Payload

Bomb
Ejection Mechanism

External Structural
Supports

Ablation Shield/Pusher Plate

Figure 2 Ñ Nuclear Pulse Vehicle 13

>3+?-"(A?B"%)",B-";%$S"<%+-"%+"2A/.-"2$%2A/.3%+"$-T
('3+."?/'..3N-<="3,"3."<3d?A/,",%"%7,'3+".2-?3N?".5.,-("
2'$'(-,-$."'+<"'..-.."3,."'22/3?'73/3,5",%"3+,-$.,-//'$"
^3&B,9"@%;-O-$=":$--('+"W9"V5.%+"B'."$-2%$,-<"'"&-+-$T
'/3R-<"2A/.-".5.,-(";B3?B";3//"&3O-",B-"$-'<-$".%(-"3<-'"
%)"3,."2%,-+,3'/."'+<"<$';7'?S.9

MB-"g!7/',3%+">2'?-">B32iEj"3.".3(3/'$"3+"<-.3&+",%",B-"
%+-".B%;+"3+":3&A$-"I="-1?-2,";3,B"'"/'$&-$"'+<"2'$,3'//5"
B-(3.2B-$3?'/"2A.B-$"2/',-9"MB3."'//%;.")%$"'"(%$-"-dT
?3-+,"'7.%$2,3%+"%)"-+-$&5"'+<"(%(-+,A(9"MB3.".5.,-("
B'."'",%,'/"('.."%)"j"1"ED m"S&=";3,B"j9K"1"EDX"S&".-,"'.3<-"
)%$"2'5/%'<"[/'$&-"-+%A&B",%"?%+,'3+"'".('//"BA('+"
?%((A+3,5\9"CDD=DDD",B-$(%+A?/-'$"7%(7."%$"2A/.-"
A+3,."'??%A+,")%$",;%",B3$<."%)",B-"O-B3?/-c."('.."[',"%+-"
,%+"2-$"(-&',%+"%)"53-/<\";3,B",B-"$-('3+3+&"EDm"S&"'?T
?%A+,-<")%$"75".,$A?,A$-="-U-?,3+&"(-?B'+3.("'+<"
.B3-/<3+&9"MB-"?%+.,$A?,3%+"%)",B-"2A.B-$"2/',-"/3(3,."
,B-"O-/%?3,5",$'+.)-$",%"'7%A,"CD"(o.-?%+<"2-$"-12/%T
.3%+9"MB3."O-B3?/-"3.",%"7-"'??-/-$',-<"',"%+-"&="$-QA3$3+&"
'+"-12/%.3%+"-O-$5",B$--".-?%+<.9"MB-".B%?S"'7.%$7-$"
.,$%S-"/-+&,B"+-?-..'$5",%"('3+,'3+"'".(%%,B"'+<"?%+T
.,'+,"'??-/-$',3%+"',",B3."2A/.-"$-2-,3,3%+"$',-"3."'7%A,"XK"
(-,-$.9

V5.%+c."+A?/-'$"2A/.-"O-B3?/-"3."'7/-",%"('3+,'3+"'"%+-"&"
'??-/-$',3%+")%$"'7%A,"ED"<'5.=";B-+"3,."7%(7".A22/5"
;3//"7-"-1B'A.,-<9"!,",B3.",3(-="3,";3//"B'O-"$-'?B-<"'"
O-/%?3,5"%)"ED=DDD"S(o.-?%+<"[D9DCC"?\9"MB-"^3&B,",3(-"
,%"!/2B'"G-+,'A$3"3."ECD"5-'$.9"@%;-O-$=",B-.-"^3&B,"
,3(-."<%"+%,"'??%A+,")%$"'+5"<-?-/-$',3%+"',",B-",'$&-,"
.,-//'$".5.,-(9"6-,'3+3+&"B'/)",B-"7%(7.")%$",B3."<-?-/T
-$',3%+";%A/<"(%$-",B'+"<%A7/-",B-"(3..3%+",3(-")%$"
,B3.".3R-"O-B3?/-9"!,"%+-"BA+<$-<"<%//'$."2-$"2%A+<"%)"
<-A,-$3A(=",B-",%,'/")A-/"?%.,"3."%+",B-"%$<-$"%)".31,5"
73//3%+"<%//'$.9

!/,B%A&B",B-"+A?/-'$"2A/.-"O-B3?/-"<3.?A..-<"'7%O-"B'."
$',B-$"/%+&"^3&B,",3(-.="$-N+-(-+,"%)",B3."2$%2A/.3%+"
.5.,-("<%-."B%/<".%(-"2$%(3.-")%$"3+,-$.,-//'$"O-B3?/-.9"
@%;-O-$=",B-"ZA?/-'$"]-'2%+."M-.,"4'+"M$-',5"2$%B37T
3,.",B-"-12/%.3%+"%)"+A?/-'$";-'2%+."3+".2'?-="'+<"B-+?-"
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2$-.-+,/5"3+B373,."'+5".3&+3N?'+,"<-O-/%2(-+,";%$S"%+"
.A?B"'".5.,-(9

_'$3'+,."%)",B-"+A?/-'$"2A/.-",-?B+3QA-".A?B"'.",B%.-"
?%+.3<-$-<")%$"#$%U-?,"V'-<'/A."A.3+&".('//"2-//-,."%)"
<-A,-$3A("3&+3,-<",%")A.3%+",-(2-$',A$-."75"2A/.-<"/'T
.-$. EK=EJ"%$"75"$-/',3O3.,3?"-/-?,$%+"7-'(.EX"'$-"+-;-$"?%+T
?-2,.",B',"'$-";%$,B5"%)"?%+,3+A-<")A$,B-$".,A<59

12.3 Controlled Fusion Rocket

l+-"%)",B-"(%$-",-?B+%/%&3?'//5"2$%(3.3+&"?%+?-2,.")%$"
'+"3+,-$.,-//'$"2$%2A/.3%+".5.,-("3.",%"A.-"'"?%+,$%//-<"
)A.3%+"$-'?,3%+"'.",B-"2$%2A/.3%+"2%;-$".%A$?-9"MB-"2$-T
.-+,"-1,-+.3O-".?3-+,3N?"'+<"-+&3+--$3+&"-P%$,."3+",B-"
L+3,-<">,',-."'+<"'$%A+<",B-";%$/<"%+"?%+,$%//-<")A.3%+"
'$-"?%+?-+,$',3+&"%+",B-"<-O-/%2(-+,"%)"g('&+-,3?"7%,T
,/-.i",%"?%+,'3+"'"B3&B",-(2-$',A$-")A.3%+"2/'.('9"F%.,"
%)",B',"-P%$,"3.".2-+,".,$A&&/3+&";3,B",B-"2$%7/-("%)"
('S3+&",B-"('&+-,3?"7%,,/-"/-'S2$%%)9":%$,A+',-/5=")%$"
,B-"2$%2A/.3%+"'22/3?',3%+=";B',"3."<-.3$-<"3."'"g/-'S5i"
('&+-,3?"7%,,/-9"MB-"B%,"2/'.('"-(3,,-<")$%(",B-"
g/-'Si"2$%O3<3+&",B-"<-.3$-<"$%?S-,",B$A.,9

]-"'$-"',"2$-.-+,"+%,"?-$,'3+";B3?B"%)",B-"('+5"2$%T
2%.-<",-?B+3QA-.")%$"?%+,$%//-<"+A?/-'$")A.3%+";3//"
2$%O-")-'.37/-="7A,";B',-O-$"(-,B%<"$-.A/,.="3,";3//"7-"'"
2$3(-"?'+<3<',-")%$",B-"2$%2A/.3%+"2%$,3%+"%)"'+"3+,-$T
.,-//'$"-12/%$',3%+"(3..3%+9

>2-+?-$Em"B'."-1'(3+-<",B-"2$%7/-("%)"+A?/-'$"2$%2A/T
.3%+")%$"3+,-$.,-//'$",$'O-/")$%(",B-"O3-;2%3+,"%)"$%?S-,"
.,'&3+&"'+<"-+-$&5"'O'3/'7/-"'."'")A+?,3%+"%)"2$%2-//'+,"
('..=";3,B%A,"$-&'$<",%"'+5"2'$,3?A/'$"2$%2A/.3%+".5.T
,-(9

>3+?-"+%"2'$,3?A/'$"2$%2A/.3%+".5.,-(";'.",$-',-<=",B-"
2$%7/-("%)"'??-/-$',3%+";'."+%,",%A?B-<"A2%+9"*)="B%;T
-O-$=";-"'..A(-"'"B52%,B-,3?'/"2$%2A/.3%+".5.,-("?'2'T
7/-"%)"%+-"&"'??-/-$',3%+"'+<"'"('.."$',3%"%)"ED="'"<-A,-T
$3A(")A.3%+"$%?S-,"?%A/<"$-'?B"EoED",B-"O-/%?3,5"%)"/3&B,9"
!,",B',"O-/%?3,5="3,";%A/<",'S-"'7%A,"jK"5-'$.",%"$-'?B"
!/2B'"G-+,'A$39

*,"3."<3d?A/,",%"2$-<3?,"',"2$-.-+,";B-,B-$",B-.-"2$%2A/T
.3%+".5.,-(."'$-"-+&3+--$3+&/5")-'.37/-9"l+-"('U%$"2$%7T
/-(",%"7-"%O-$?%(-"3.",B-"-d?3-+,"A,3/3R',3%+"%)",B-"
.-O-$'/"<3P-$-+,")%$(."%)"-+-$&5"$-/-'.-<"<A$3+&"'")A.3%+"
$-'?,3%+9"l+/5"'7%A,"ID"2-$"?-+,"%)",B-"$-/-'.-<"-+-$&5"
;3//"7-"?%+,'3+-<"3+",B-"S3+-,3?"-+-$&5"%)",B-")A.3%+"2'$T
,3?/-.9"M-+"2-$"?-+,"3."3+",B-")%$("%)"*6TL_"$'<3',3%+="
7A,"XD"2-$"?-+,"3."$-/-'.-<"'."tT$'5.9":3&A$-"C".?B-(',3T
?'//5"3//A.,$',-."'"(-,B%<"%)"$-?/'3(3+&",B3."tT$'5"-+-$&5"
75"A.3+&"'+"'A13/3'$5"/'.-$",B$A.,-$="2%;-$-<"75",B-"
;'.,-"tT$'5.9"MB-"tT$'5."-.?'2-",B-")A.3%+"?B'(7-$="'+<"
'$-"'7.%$7-<"75",B-"&'."/'.-$."[2-$B'2."<%2-<";3,B"1-T
+%+\9"MB-"tT$'5"-+-$&5"3.",B-+"?%+O-$,-<"3+,%"'"?%//3T
(',-<"/3&B,"7-'(",B$A.,-$9"*)",B-"-d?3-+?5"%)",B-"/'.-$c."
tT$'5",%"?%//3(',-<"/3&B,"?%+O-$.3%+"2$%?-.."3."'$%A+<"

jD"2-$"?-+,=",B-"/'.-$"'3<-<")A.3%+"$%?S-,EH"?'+"'?B3-O-"'"
O-/%?3,5"%)"'7%A,"D9ED"?";3,B"'"('.."$',3%"%)"ID9
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with an X-Ray Absorber
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Figure 3 Ñ Schematic of a thermonuclear rocket-laser drive 
propulsion system (adapted)19

12.4 Interstellar Ramjet

MB-"*+,-$.,-//'$"6'(U-, ID";'."<-O3.-<",%"%O-$?%(-",B-"
/'$&-"('.."$',3%."$-QA3$-<";B-+",-$$-.,$3'/")A-/"(A.,"7-"
7$%A&B,"'/%+&"%+7%'$<"g?%+O-+,3%+'/i"3+,-$.,-//'$"O-B3T
?/-.9"MB-"3+,-$.,-//'$"$'(U-,"?%//-?,."3+,-$.,-//'$"(',,-$"
,%")A-/"3,.")A.3%+"$%?S-,.=",BA."-/3(3+',3+&",B-"+--<",%"
?'$$5"/'$&-"('..-."%)")A-/9

:3&A$-"j".?B-(',3?'//5"3//A.,$',-.",B-"$'(U-,"?%+?-2,9"!."
,B-"$'(U-,"(%O-."[,%",B-"$3&B,\="3%+."'$-"?'A&B,"75"3,."
('&+-,3?"N-/<".?%%2";B3?B")A++-/.",B-("3+,%"'")A.3%+"
$-'?,%$9"]3,B3+",B-"$%?S-,="-+-$&5"3."$-/-'.-<"'+<")-<"
7'?S"3+".%(-"('++-$"3+,%",B-"$-'?,3%+"2$%<A?,.9"MB-.-"
2'$,3?/-."'$-",B-+"A.-<",%"2$%O3<-",B$A.,")%$",B-"O-B3?/-9"
4A..'$<"%$3&3+'//5"-.,3(',-<",B',"'"EDJ"S&"O-B3?/-";%A/<"
$-QA3$-"'")$%+,'/"3+,'S-"'$-'"%)"7-,;--+"EDj "S( I "'+<"EDX"
S( I ",%"'?B3-O-"'"%+-"&"'??-/-$',3%+",B$%A&B"3+,-$.,-//'$"
.2'?-";3,B"'"+A?/-%+"<-+.3,5"7-,;--+"E"'+<"EDDD"
+A?/-%+.o?(C9
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Figure 4 Ñ Bussard Interstellar Ramjet

MB3."O-B3?/-"B'.".-O-$'/"'<O'+,'&-."%O-$"%,B-$",52-."%)"
2$%2A/.3%+".5.,-(.9"MB-"$'(U-,",'S-T%O-$"O-/%?3,5"3."-1T
,$-(-/5"/%;".%",B',"?%+O-+,3%+'/"7'//3.,3?"$%?S-,."?%A/<"
2$%O3<-",B-"3+3,3'/"'??-/-$',3%+9"!.",B-"O-B3?/-"3+?$-'.-."
3,."O-/%?3,5"3+,%",B-"$-/',3O3.,3?"$-&3%+=",B-"3+,-$.,-//'$"
)A-/"^%;"'22-'$.",%"3+?$-'.-"3+"<-+.3,5"<A-",%"8%$-+,R"
?%+,$'?,3%+"3+",B-"O-B3?/-c.".2'?-T,3(-9"MB-"-+&3+-"-dT
?3-+?5"?'+",B-+"7-"$-<A?-<="%$",B-"O-B3?/-"?'+"+'O3&',-"
,B$%A&B"/%;-$"<-+.3,5"'$-'."%)".2'?-=";3,B%A,"'P-?,3+&"
3,."'??-/-$',3%+IE9"MB-"$'(U-,"?'+".,'$,"%A,"3+"'$-'."%)"
)'3$/5"B3&B"B5<$%&-+"<-+.3,5="?$%.."'$-'."%)"/%;"<-+.3,5="
'+<"./%;"<%;+"'&'3+"3+"'$-'."%)"B3&B"<-+.3,5=";3,B%A,"
.AP-$3+&"3+"2-$)%$('+?-9

>-O-$'/"'A,B%$."('3+,'3+",B',".3+?-",B-"?$%..".-?,3%+"%)"
,B-"2$%,%+T2$%,%+"$-'?,3%+"3."%+/5"'$%A+<"EDTjX"?( I "'+<"
,B-"<-+.3,5"%)"<-A,-$3A("3+"3+,-$.,-//'$".2'?-".%"/%;"[E"
smDDD"',%(."%)"B5<$%&-+\",B-"$-'?,3%+."A.-<"75",B-"
$'(U-,"'$-"+%,")-'.37/-"3+"3+,-$.,-//'$".2'?- II 9"@%;-O-$="
,B-"3<-'"%)"23?S3+&"A2"5%A$")A-/"'/%+&",B-";'5"3+"5%A$"
U%A$+-5"'?$%..".2'?-"3.",%%"O'/A'7/-",%"/%.-"'+<")A$,B-$"
;%$S"+--<.",%"7-"<%+-"%+",B-"?%+?-2,9

12.5 Beamed Power Laser Propulsion

MB-"?%+?-2,"%)"A.3+&"7-'(-<"-+-$&5")$%("/'.-$.")%$"
3+,-$.,-//'$"2$%2A/.3%+"'22-'$-<"3+"'"2%2A/'$"'$,3?/-"75"
:%$;'$< IC".B%$,/5"'),-$",B-"3+O-+,3%+"%)",B-"/'.-$"3+"
EHJD9"MB-"'A,B%$".AP-$-<")$%(";B',"!$,BA$"G/'$S-"?'//."
%+-"%)",B-"B'R'$<."%)"2$%2B-?5"Y"g'")'3/A$-"%)"+-$O-iIj "
'+<".'3<",B',"7A3/<3+&"'"/'$&-"/'.-$"3+".2'?-";'.",%%"<3dT

?A/,"'+<".%(-"%,B-$"(-,B%<")%$"3+,-$.,-//'$"2$%2A/.3%+"
;%A/<"B'O-",%"7-")%A+<9":A$,B-$".,A<3-.="'+<",B-"'<T
O'+?-(-+,"%)"/'.-$",-?B+%/%&3-.="B'O-"+%;"('<-",B-"
3<-'."/%%S"(%$-"',,$'?,3O-9

!"<$';3+&"%)",B-"%2-$',3%+"%)",B-"%$3&3+'/"2$%2%.-<"
?%+?-2,"3.".B%;+"3+":3&A$-"K9"MB-"3<-'"3.",%"A.-",B-"2B%T
,%+"2$-..A$-"%)",B-"/'.-$"/3&B,"2A.B3+&"'&'3+.,"'"&3'+,".'3/"
,%"'??-/-$',-",B-"3+,-$.,-//'$"2$%7-"A2",%"$-/',3O3.,3?"O-T
/%?3,3-.9"MB-"N$.,"?%+?-2,.")%$"7-'(-<"/'.-$"2$%2A/.3%+"
.AP-$-<")$%(",B-"2$%7/-(",B',"%+?-",B-"3+,-$.,-//'$"
2$%7-";'."A2",%".2--<=",B-$-";'."+%"'22'$-+,";'5",%"
<-?-/-$',-",B-"2$%7-";B-+"3,"$-'?B-<",B-",'$&-,".,-//'$"
.5.,-(="'+<",B-"?%+?-2,";'.",B-$-)%$-"/3(3,-<",%"^575"
2$%7-"(3..3%+.9

Figure 5 Ñ Beamed Power

@%;-O-$="'+"3+&-+3%A."2'2-$"75"#B3/32"Z%$-(IK"?%(T
73+-<",;%"3<-'.";B3?B"B'<"'/$-'<5"'22-'$-<"3+"2$3+,",%"
?%(-"A2";3,B"'"7-'(-<"2%;-$"/'.-$".5.,-(",B',"?%A/<"
<-?-/-$',-"',",B-",'$&-,".,'$"[.--":3&A$-"J\9"MB-"/'.-$"
;%A/<"7-"A.-<",%"'??-/-$',-",B-"2$%7-"A2",%"$-/',3O3.,3?"
O-/%?3,3-.IC=",B-+",B-"2$%7-";%A/<"-1,-+<"%A,"/%+&";3$-."
;B3?B";%A/<"7-"?B'$&-<"A2",%"B3&B"O%/,'&-.9"MB-"
?B'$&-<";3$-.";%A/<",B-+"3+,-$'?,";3,B",B-"3+,-$.,-//'$"
('&+-,3?"N-/<",%".;3+&",B-".2'?-"O-B3?/-"'$%A+<"3+"'"
/'$&-"?3$?/-"'."2$%2%.-<"75":%$;'$<IJ "3+"EHJj9"MB-"2$%7-"
?%A$.-";%A/<"7-"?B%.-+".%",B',"3,";%A/<".;3+&"%A,"
'$%A+<"7-B3+<",B-",'$&-,".5.,-("'+<"2'.."75",B-",'$&-,"
.,'$"%+"3,."$-,A$+=";3,B"3,."O-/%?3,5"O-?,%$"2%3+,3+&"',"
0'$,B9"MB-"/'.-$";%A/<"7-",A$+-<"%+"'&'3+="'+<"2$%7-"
<-?-/-$',-<"75",B-"/%+&"<3.,'+?-"/'.-$"7-'(")$%(",B-"
.%/'$".5.,-(9"[>3+?-"Z%$-(c."?%+?-2,";'."7'.-<"A2%+"
,B-".3(2/-"?%(73+',3%+"%)",;%".-2'$',-"3<-'."2A7/3.B-<"
75",B-".'(-"2-$.%+="%+-"?'+"%+/5"?%+?/A<-",B',"2-$.%+"
.AP-$-<")$%(",B-"%,B-$"B'R'$<"%)"2$%2B-?5"(-+,3%+-<"
75"G/'$S-"Y"g'")'3/A$-"%)"3('&3+',3%+9i\

M%"?'$$5"%A,"'"$-+<-RO%A."(3..3%+";3,B",B-"<3$-?,"/'.-$"
2B%,%+"2$%2A/.3%+",-?B+3QA-";%A/<"$-QA3$-"O-$5"/'$&-"
[IKD"S(\"/'.-$"'$$'5.="2%..37/5"3+"?/%.-".%/'$"%$73,"'+<"
<$';3+&",B-3$"-+-$&5"$-QA3$-(-+,.")$%(",B-"B3&B".%/'$"
^A1"'O'3/'7/-",B-$-9"MB-".'3/"%+",B-"3+,-$.,-//'$"2$%7-"
?%A/<"7-"%)"O-$5",B3+"(',-$3'/="7A,")%$"%2,3(A("?%A2/3+&"
,%",B-"/'.-$"7-'(="3,",%%".B%A/<"7-"%)",B-"%$<-$"%)"IKD"
S("3+"<3'(-,-$="'+<"-O-+";3,B"O-$5",B3+="/%;"<-+.3,5"
(',-$3'/=";-"'$-",'/S3+&"'7%A,",B%A.'+<."%)",%+."%)".'3/9"
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MB-"/'$&-".3R-"%)",B-"/'.-$"3."$-QA3$-<".%",B',",B-"/'.-$"
7-'("B'."+%,"<3O-$&-<".3&+3N?'+,/5"',",B-"J"/3&B,"5-'$"
<3.,'+?-."$-QA3$-<",%"<-?-/-$',-",B-"2$%7-9":%$",B-"3+3T
,3'/"'??-/-$',3%+"2-$3%<"'"(A?B".('//-$"/'.-$"%)",B-"%$<-$"
%)"ED"S("3+"<3'(-,-$";%A/<".Ad?-".3+?-",B-"2$%7-"3.".%"
?/%.-",%",B-".%/'$".5.,-(9

!/,B%A&B",B-"/'.-$"'$$'5."(A.,"7-"/'$&-",%"'?B3-O-",B-"
<-.3$-<"7-'(3+&"<3.,'+?-."'+<",B-"-+-$&5"(A.,"7-"B3&B"
-+%A&B",%"2A.B",B-"2$%7-",%"$-/',3O3.,3?"O-/%?3,3-.=",B-"
-+-$&5"^A1")$%(",B-"/'.-$"3."+%,"B3&B9"*+",523?'/".5.,-(.="
,B-"/'.-$"7-'("3."+%"(%$-"2%;-$)A/",B'+".A+/3&B,9
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Figure 6 Ñ Interstellar Travel Using Beamed Laser Power

@%;-O-$",-?B+3?'//5"3+,-$-.,3+&",B-.-"3<-'."%)"2B%,%+"
2$%2A/.3%+"('5"7-="'"(%$-"2$'?,3?'/"(-,B%<";%A/<"7-",%"
?'$$5"'/%+&".%(-"('..",%"A.-"'."2$%2-//'+,="'+<"UA.,"A.-"
,B-"/'.-$"7-'(",%"-+-$&3R-",B-"2$%2-//'+,9"MB-$-"B'O-"
7--+"'")-;".,A<3-.",B',"B'O-"?%+.3<-$-<",B-"A.-"%)"
7-'(-<"/'.-$"-+-$&5")%$"-+-$&3R3+&"$-'?,3%+"('.."3+"'+"
3+,-$.,-//'$"2$%2A/.3%+".5.,-(IX="7A,"(A?B"(%$-";%$S"
+--<.",%"7-"<%+-9

MB-"N-/<"%)"7-'(-<"2%;-$"/'.-$"2$%2A/.3%+"3."3+"'"$'2T
3</5"<-O-/%23+&".,',-";3,B".3&+3N?'+,"-+&3+--$3+&"-P%$,."
A+<-$;'5"3+"Z!>!"'+<"VlV")%$"&-+-$',3+&"'+<"7-'( T
3+&"/'$&-"'(%A+,."%)"-+-$&5",B$%A&B",B-"',(%.2B-$-"'+<"
3+,%".2'?-9"!/,B%A&B",B-"-+-$&5"/-O-/."'+<",$'+.(3..3%+"
<3.,'+?-."2$-.-+,/5"7-3+&"?%+.3<-$-<"'$-"'"/%+&";'5")$%("
,B-"/-O-/."+--<-<")%$"3+,-$.,-//'$"2$%2A/.3%+=",B3."$'23</5"
<-O-/%23+&",-?B+%/%&5".--(.",%"7-"%+-"%)",B-"(%$-"

2$%(3.3+&"?'+<3<',-.")%$"'+"3+,-$.,-//'$"2$%2A/.3%+".5.T
,-(9

12.6 Antimatter Energized Propulsion

MB-"3<-'"%)"A.3+&"'+,3(',,-$"'.",B-"-+-$&5".%A$?-"3+"'+"
3+,-$.,-//'$"O-B3?/-"B'."7--+"3+",B-",-?B+3?'/"/3,-$',A$-"
)%$"'"/%+&",3(-9"!//"%)",B-"?%+?-2,."B'O-"'..A(-<",B',"
,B-"2$%2A/.3%+".5.,-(";%A/<"A.-"B'/)"$-&A/'$"(',,-$"'+<"
B'/)"'+,3(',,-$"'.")A-/9"]B-+",B-"$-&A/'$"(',,-$"'+<",B-"
'+,3(',,-$"'$-"(31-<",%&-,B-$=";-"&-,"?%(2/-,-"?%+O-$T
.3%+"%)",B-",;%"3+,%"-+-$&5"3+",B-")%$("%)"&'(('"$'5.="
+-A,$3+%.="'+<"B3&B"-+-$&5"-/-?,$%+."'+<"2%.3,$%+.9"!2T
2$%13(',-/5"B'/)"%)",B-"-+-$&5"3."3+",B-"+-A,$3+%.";B3?B"
3((-<3',-/5"-.?'2-")$%(",B-".5.,-(9

!/,B%A&B".,A<3-."B'O-"7--+"('<-"%)",B-"?%+?-2,A'/"<-T
.3&+"%)"&'(('"$'5"$-^-?,%$.",%",A$+",B-"&'(('"$'5"2B%T
,%+"-+-$&5"3+,%",B$A.,="(%.,"'A,B%$."B'O-"&3O-+"A2"',"
,B3."2%3+,"'+<"2/'?-<"'+,3(',,-$"2$%2A/.3%+"3+,%",B-"
g3(2%..37/-i"?',-&%$59"4A,")%$"(3..3%+.",%",B-"+-'$75"
.,'$.=";-"<%"+%,"+--<"O-B3?/-"O-/%?3,3-."O-$5"?/%.-",%",B',"
%)"/3&B,=".%";-"<%"+%,"+--<",B-"-1B'A.,"O-/%?3,5",%"7-"
,B',"%)"/3&B,9"!"(%$-"-d?3-+,"(-,B%<"3.",%"A.-"'".('//"
'(%A+,"%)"'+,3(',,-$",%"-+-$&3R-"'"(A?B"/'$&-$"'(%A+,"
%)"$-&A/'$"(',,-$Im9

!+"%2,3(3R-<"-+&3+--$3+&".,A<5"%)"'+"3+,-$.,-//'$"2$%7-"
2$%2A/.3%+".5.,-("A.3+&"'+,3(',,-$"B'."5-,",%"7-"<%+-="
7A,".%(-"'22$%13(',-"+A(7-$."?'+"7-"-.,3(',-<"+%;9"*)"
'+"'+,3(',,-$"2$%2A/.3%+".5.,-("3."%2,3(3R-<")%$"'"
2$%7-"?%'.,"O-/%?3,5"%)"EoC",B-".2--<"%)"/3&B,=",B-+",B-"
(3+3(A("3+",B-"('.."$',3%"%)"-'?B"2$%2A/.3%+".,'&-Im"
%??A$."',"'"('.."$',3%"%)"K="'+<",B-"'+,3(',,-$"('.."$- T
QA3$-<"3."EoED,B"%)",B-"7A$+%A,"('.."%$"In"%)",B-"3+3,3'/"
('..9

*)";-"'..A(-",B-"<-O-/%2(-+,"%)"'"O-$5"/3&B,;-3&B,"[ED"
S&\"3+,-$.,-//'$"-12/%$',3%+"2$%7-"<-.3&+=",B-"3+,-$.,-//'$"
O-B3?/-"',"/'A+?B";%A/<"?%+.3.,"%)"'"KE"S3/%&$'(".-?%+<"
.,'&-="IDD"S3/%&$'(."%)"2$%2-//'+,"'+<"K"S3/%&$'(."%)"
'+,3(',,-$9"MB3.";%A/<".Ad?-",%"'??-/-$',-",B-".-?%+<"
.,'&-",%"EoC",B-"O-/%?3,5"%)"/3&B,9"MB-"KE"S3/%&$'(".-?%+<"
.,'&-";%A/<"?%+.3.,"%)",B-"ED"S3/%&$'("-12/%$',3%+"
2$%7-"2'5/%'<="jD"S3/%&$'(."%)"2$%2-//'+,"'+<"E"S3/%T
&$'("%)"'+,3(',,-$";B3?B";%A/<"7-"A.-<",%"<-?-/-$',-"
,B-"2$%7-"',",B-",'$&-,".,'$9

4-.3<-.",B-"%7O3%A."-+&3+--$3+&"2$%7/-(.",B',"$-('3+"
,%"7-".%/O-<"3+",B-"<-.3&+"%)"'+"-+&3+-",B',"?'+"-P-?T
,3O-/5"?%+O-$,",B-"'+,3(',,-$"-+-$&5"3+,%"<3$-?,-<",B$A.,"
%)",B-"2$%2-//'+,=",B-$-"3."'"$-'/"QA-.,3%+"%)",B-"%7,'3+T
'73/3,5"'+<"?%+,$%/"%)",B-"'+,3(',,-$9

MB-"?%+,'3+(-+,"'+<"?%+,$%/"%)",B-"'+,3(',,-$="%+?-"
('<-=".B%A/<"+%,"7-",%%"<3d?A/,".3+?-";-"B'O-"'"+A(T
7-$"%)";'5."%)"'22/53+&")%$?-.",%",B-"'+,3(',,-$";3,B%A,"
,%A?B3+&"3,9"0/-?,$3?"N-/<.="('&+-,3?"N-/<.="6:"N-/<."'+<"
/'.-$"7-'(."'$-"'//"A.-<"3+"2$-.-+,"<'5",-?B+%/%&5",%"

W%A$+'/"%)",B-"4$3,3.B"*+,-$2/'+-,'$5">%?3-,5="_%/A(-"IH="229"JEE"T"JCI="EHXJ` EC



/-O3,',-"'+<"?%+,$%/".('//"'(%A+,."%)"$-&A/'$"(',,-$",B',"
;-"<%"+%,";'+,",%"?%+,'(3+',-9"MB-.-";%A/<"'//"7-"
-QA'//5"-P-?,3O-"%+"'+,3(',,-$9

MB-"&-+-$',3%+"%)"'22$-?3'7/-"'(%A+,."%)"'+,3(',,-$"3."
,B-"2$3('$5"-+&3+--$3+&"2$%7/-(",B',".B%A/<"7-"'<T
<$-..-<"-'$/5"3+"'+5"3+O-.,3&',3%+"%)",B-")-'.373/3,5"%)"
A.3+&"'+,3(',,-$")%$"3+,-$.,-//'$"2$%2A/.3%+9"!.";-"
2%3+,-<"%A,"3+",B-".-?,3%+"%+"-+-$&5"$-QA3$-(-+,.")%$"
3+,-$.,-//'$"2$%2A/.3%+=";-"'/$-'<5"<-.,$%5"BA+<$-<."%)"
S3/%&$'(."%)"$-&A/'$"(',,-$"-'?B"5-'$"3+"%A$"-/-?,$3?"
&-+-$',3+&"2/'+,."'+<"?%+O-$,"3,",%"-/-?,$3?3,59"!//";-"
+--<",%"<%"3."<-O-/%2"-d?3-+,"(-,B%<.")%$",A$+3+&",B',"
-+-$&5"7'?S"3+,%"'+,3(',,-$"3+.,-'<"%)"$-&A/'$"(',,-$9

MB-"2$-.-+,"(-,B%<.")%$"2$%<A?3+&"'+,3(',,-$"3+O%/O-"
,B-"A.-"%)"/'$&-"'??-/-$',%$.";B3?B"?'+"2$%<A?-"'"2$%,%+"
7-'("%)"EDEK"2$%,%+."2-$".-?%+<9"]B-+".A?B"'"7-'("
?%//3<-.";3,B"'",'$&-,="'+,32$%,%+."'$-"2$%<A?-<"'."2'$,"
%)",B-"<-7$3.9

MB-"'+,32$%,%+"53-/<"%)"2$-.-+,"('?B3+-."3."O-$5"/%;9"
@%;-O-$=",B-"2$-.-+,/5"A.-<"(-,B%<."'$-"+%,"<-.3&+-<"
)%$"'+,3(',,-$"2$%<A?,3%+"7A,"$',B-$")%$".,A<3-."3+",B-"
2B5.3?."%)"-/-(-+,'$5"2'$,3?/-.9"6%A&B"?'/?A/',3%+."'.T
.A(3+&".2-?3'/"2A$2%.-"B3&B"'(2-$'&-"?%//3<3+&"7-'("
'??-/-$',%$."3+<3?',-",B',",B-"&-+-$',3%+"%)"S3/%&$'(."%)"
'+,3(',,-$"2-$"5-'$"3."+%,"%A,"%)",B-"QA-.,3%+9"!".,A<5",%"
3+O-.,3&',-",B-"2%..373/3,5"%)"3+?$-'.3+&"'+,3(',,-$"2$%T
<A?,3%+"$',-.",%",B-"/-O-/"$-QA3$-<")%$"2$%2A/.3%+"'22/3T
?',3%+.";%A/<"7-"%+-"%)",B-"?$3,3?'/",-?B+%/%&5"'$-'."
,B',".B%A/<"7-".,A<3-<"3+",B-"3+3,3'/"2B'.-."%)"'+"3+,-$T

.,-//'$"-12/%$',3%+"2$%&$'(9"MB-"2$%7/-(."%)"'+,3(',,-$"

.,%$'&-="'++3B3/',3%+"$',-"?%+,$%/="'+<"<-O-/%2(-+,"%)"
2$'?,3?'/"2$%2A/.3%+".?B-(-."'$-"'/.%",B%.-"%+";B3?B"
)A,A$-".,A<3-.".B%A/<"7-")%?A.-<9

13. A Proposed Program for 
Interstellar Exploration

MB-"2$%2%.-<"KD"5-'$"2B'.-<"2$%&$'(".,'$,.";3,B"'"N)T
,--+"5-'$"2-$3%<"%)"(3..3%+"<-N+3,3%+".,A<3-.="'A,%T
(',-<"2$%7-"2'5/%'<"<-N+3,3%+".,A<3-."'+<"<-O-/%2T
(-+,"-P%$,."%+"?$3,3?'/",-?B+%/%&5"'$-'.9"MB-")A+<3+&"
$-QA3$-<"<A$3+&",B3."3+3,3'/"2B'.-"%)",B-"2$%&$'(";%A/<"
7-"'")-;"(3//3%+"<%//'$."'"5-'$9"!.",B-"'A,%(',-<"2$%7-"
<-.3&+"3."N+'/3R-<=";%$S"%+",B-"<-.3&+"'+<")-'.373/3,5"
,-.,3+&"%)"B3&B"-+-$&5="A/,$'TB3&B"O-/%?3,5"2$%2A/.3%+"
.5.,-(.";%A/<"7-"3+3,3',-<9"!++A'/")A+<3+&")%$",B3."
2B'.-"%)",B-"2$%&$'(";%A/<"?/3(7",%",B-"(A/,3T73//3%+"
<%//'$"/-O-/=",%"2-'S"'$%A+<"IDDD"!V";3,B",B-".,'$,"%)"
,B-"/'A+?B"%)"'"+A(7-$"%)"'A,%(',-<"3+,-$.,-//'$"2$%7-."
2-$"5-'$",%"?'$$5"%A,"'+"3+3,3'/"-12/%$',3%+"%)",B-"+-'$-.,"
.,-//'$".5.,-(.9"V-O-/%2(-+,"%)"('+T$',-<"2$%2A/.3%+"
.5.,-(.";%A/<"?%+,3+A-")%$"ID"5-'$.";B3/-"';'3,3+&",B-"
$-,A$+"%)",B-"'A,%(',-<"2$%7-"<','"$-QA3$-<"7-)%$-";-"
?%A/<"2$%?--<";3,B"('++-<"-12/%$',3%+9"!..A(3+&"2%.3T
,3O-"$-,A$+.")$%(",B-"N$.,"2$%7-.="'"('++-<"-12/%$',3%+"
.,'$.B32";%A/<"7-"/'A+?B-<"3+"IDIK"!V="'$$3O3+&"',"!/2B'"
G-+,'A$3"EDTID"5-'$."/',-$9

W%A$+'/"%)",B-"4$3,3.B"*+,-$2/'+-,'$5">%?3-,5="_%/A(-"IH="229"JEE"T"JCI="EHXJ` Ej



Year

EHXK *+,-$.,-//'$"(3..3%+"<-N+3,3%+".,A<3-."
*+3,3',-".-'$?B")%$"2/'+-,'$5".5.,-(."'$%A+<"+-'$75".,'$."
:-'.373/3,5"<-.3&+".,A<3-."%)"'A,%(',-<"2$%7-"2'5/%'<

EHmD *+3,3'/".,A<3-."%)"2%,-+,3'/"2$%2A/.3%+".5.,-(.
V-O-/%2(-+,"%)"?$3,3?'/"2$%7-",-?B+%/%&3-.
#$%,%,52-"<-.3&+".,A<3-."%)"'A,%(',-<"2$%7-

EHmK V-.3&+"%)"3+,-$.,-//'$"?%((A+3?',3%+".5.,-(
#$%,%,52-"<-.3&+".,A<3-."%)"2$%2A/.3%+".5.,-(
:'7$3?',3%+"%)"2$%,%,52-"'A,%(',-<"2$%7-"2'5/%'<"

EHHD :'7$3?',3%+"%)"EoED".?'/-"2$%,%,52-"2$%2A/.3%+".5.,-(
M-.,"2$%,%,52-"75"D9E"/3&B,"5-'$"$%A+<T,$32"g.-'$?B")%$"/3)-i"3+"%A$".%/'$".5.,-(

EHHK >,'$,")'7$3?',3%+"%)"3+,-$.,-//'$"2$%7-"O-B3?/-.
8'A+?B"%)"!/2B'"G-+,'A$3"2$%7-

IDDD 8'A+?B"%)"2$%7-.",%"4'$+'$<c.">,'$=">3$3A."'+<"8'/'+<-"IEEmK
>,'$,"EDTID"5-'$"%$73,'/"/3)-",-.,"%)"('++-<".2'?-?$'),"<-.3&+

IDDK G%+,3+A-"/'A+?B"%)"2$%7-.",%")A$,B-$".,-//'$".5.,-(."
V-.3&+"('+T$',-<"2$%2A/.3%+".5.,-(.

IDED :'7$3?',-"'+<",-.,"2$%,%,52-"('+T$',-<"2$%2A/.3%+".5.,-(.
#$-2'$-"?%((A+3?',3%+"$-?-3O-$")%$"2$%7-"<','"$-,A$+

IDEK :3$.,"<','"$-,A$+")$%("!/2B'"G-+,'A$3"2$%7-
>,'$,")'7$3?',3%+"%)"('++-<"-12/%$',3%+"O-B3?/-."

IDID :3$.,"<','"$-,A$+")$%("4'$+'$<c.">,'$"2$%7-
:3$.,"<','"$-,A$+.")$%(">3$3A."'+<"8'/'+<-"IEEmK

IDIK 8'A+?B"N$.,"3+,-$.,-//'$"('++-<"-12/%$',3%+"-12-<3,3%+

W%A$+'/"%)",B-"4$3,3.B"*+,-$2/'+-,'$5">%?3-,5="_%/A(-"IH="229"JEE"T"JCI="EHXJ` EK



14. Synopsis of an 
Interstellar Probe Mission
*+"EHHm="'+"3+,-$.,-//'$".2'?-?$'),=";B3?B"B'."7--+"<$3),T
3+&"3+".2'?-"3+",B-"$-&3%+"7-5%+<",B-"F%%+="/'A+?B-."
3,.-/)",%;'$<",B-",$32/-".,'$".5.,-("!/2B'"G-+,'A$39"*,"
,B$A.,."',"B3&B"'??-/-$',3%+="3,."-+&3+-."$A++3+&"',"'"
2%;-$"/-O-/",B',"3.",-+",3(-.",B-"2%;-$"%)"'">',A$+"_"
$%?S-,9"MB-"-1B'A.,"%)"B%,"B5<$%&-+"2/'.('"&/%;."/3S-"'"
7$3&B,".,'$="O3.37/-"7%,B"+3&B,"'+<"<'59"!),-$")%A$"(%+,B."
,B-"2$%7-"B'."/-),",B-".%/'$".5.,-(="'+<"B'."$-'?B-<"EoC"
,B-"O-/%?3,5"%)"/3&B,9"*,"7-&3+."3,."/%+&"<$3),",B$%A&B"3+T
,-$.,-//'$".2'?-"A.3+&"3,."7A/S5"N$.,".,'&-".B-//"'."'"$'<3'T
,3%+"7'$$3-$",%"2$%,-?,"3,")$%(",B-"?%+.,'+,"$'3+"%)"B3&B"
-+-$&5"2'$,3?/-."2$%<A?-<"75"3,."B3&B".2--<",B$%A&B",B-"
3+,-$.,-//'$"B5<$%&-+9

!),-$"<$3),3+&"QA3-.?-+,/5")%$"EI"5-'$."[3,"B'."+%;"?%OT
-$-<")%A$"/3&B,"5-'$.\="3,".B-<."3,."N$.,".,'&-=",A$+."
'$%A+<="'+<"7-&3+."<-?-/-$',3%+9"!.",B-"2$%7-"O-/%?3,5"
<$%2.";-//"7-/%;"$-/',3O3.,3?".2--<."'+<"3,"'22$%'?B-."3,."
,'$&-,=",B-".2'?-?$'),"%2-+."A2")$%("'"?%(2'?,"('.."
3+,%"'"%+-"BA+<$-<"(-,-$"<3'(-,-$".2B-$-9"MB-".2B-$-"3."
'"<-+.-";3$-"(-.B"-(7-<<-<";3,B"'$$'5."%)",3+5".-+.%$."
'+<",$'+.(3,,-$.="?/%.-"?%A2/-<",%"?%(2/-1"<3&3,'/"(%T
/-?A/'$"?3$?A3,$5="'//"B-/<",%&-,B-$"'+<"3+,-$?%++-?,-<"
;3,B"B3&B".,$-+&,B="%+-"<3(-+.3%+'/".A2-$T?%+<A?,3O-"
N7-$.9

MB-"2$%7-",A$+."3,."',,-+,3%+"7'?S",%"0'$,B",%"$-?-3O-"
3,."/',-.,"3+.,$A?,3%+.9"!"2A/.',3+&"/'.-$"7-'(="7$3&B,"
,B$%A&B",B-"7'?S&$%A+<"&/'$-"%)",B-"+%;"<3.,'+,".A+"
7$3+&."'"(-..'&-")$%("3,."('.,-$."%+"0'$,B9"8'$&-"+-;"
,-/-.?%2-."%+",B-"F%%+"?%(73+-<";3,B".%2B3.,3?',-<"
3('&-"2$%?-..3+&",-?B+3QA-."B'O-"<-,-?,-<"'"2/'+-,"
;3,B3+",B-"/3)-T.A22%$,3+&"R%+-"%)",B-".('//"$-<"<;'$)"
.,'$="#$%13('"G-+,'A$3"Y"ga%"'+<"3+O-.,3&',-hi"MB-"
(-..'&-"3."%O-$")%A$"5-'$."%/<="7A,"3,"3.",B-"(%.,"?A$$-+,"
,B',",B-"2$%7-"?'+"-12-?,9

MB-"'$$'5"%)".-+.%$.".2'?-<"%O-$",B-"BA+<$-<"(-,-$"
.2B-$-"?%//-?,",B-"/3&B,"'+<"$'<3',3%+")$%(",B-",B$--"
.,'$."3+",B-"!/2B'"G-+,'A$3".5.,-("'+<"?%$$-?,",B-"
$%?S-,",B$A.,",%"R-$%"3+"%+"#$%13('"G-+,'A$39"!."3,"'2T
2$%'?B-.",B-".('//"$-<".,'$=",B-"2$%7-".-'$?B-.")%$",B-"
2/'+-,9"*,"3.",B-$-="'/%+&";3,B",B$--"%,B-$.")A$,B-$"%A,9"
MB-"%,B-$",B$--"'$-"?%/<="'+<"2$%7'7/5"/3)-/-..="7A,",B-5"
;3//"7-"O3.3,-<"7-)%$-",B-"2$%7-"/-'O-."#$%13('",%"3+O-.T
,3&',-",B-"%,B-$",;%".,'$."3+",B-"!/2B'"G-+,'A$3".5.,-(9"
]3,B"3,.",B$A.,-$"',"/%;"2%;-$=",B-"2$%7-"'22$%'?B-."
,B-"2/'+-,"#$%13('"G-+,'A$3"l+-="?%+.,'+,/5"7-'(3+&"
23?,A$-."'+<".-+.%$"<','"7'?S",%"0'$,B"A.3+&"'"2B'.-<"
'$$'5"%)".%/3<".,',-"/'.-$.".?',,-$-<"<-+.-/5"%O-$"3,."(-.B"
.A$)'?-9"0'$,B";3//"+%,".--",B-"23?,A$-."%)",B-"+-;"2/'+-,"
)%$"j9C"5-'$.="/%+&"'),-$",B-"2$%7-"B'."?%(2/-,-<"3,.".A$T
O-5"'+<"(%O-<"%+",%",B-"%,B-$"2/'+-,."'+<".,'$."3+",B-"
!/2B'"G-+,'A$3".5.,-(9

]3,B"+%")--<7'?S"2%..37/-")$%("0'$,B=",B-"?%(2A,-$"
?3$?A3,."<3.,$37A,-<",B$%A&B",B-".2B-$-"'+'/5R-")%$"
,B-(.-/O-.",B-"3+)%$(',3%+"3,.".-+.%$."?%//-?,"'."3,"'2T
2$%'?B-."'+<",B-"2$%7-".;3+&."3+,%"'"+-'$"2%/'$"%$73,"%)"
,B-"+-;"2/'+-,"'+<"7-&3+."'".A$O-59"]3<-T7'+<".-+.%$."
.-+.3,3O-",%",B-"-+,3$-"-/-?,$%('&+-,3?".2-?,$A("2$%T
<A?-"3('&-$5"3+",B-"$'<3%="(3?$%;'O-="3+)$'$-<="O3.37/-="
'+<"A/,$'O3%/-,"7'+<.9"MB-"%+-"BA+<$-<"(-,-$".3R-"%)"
,B-"<-,-?,%$"'$$'5"&3O-.",B-"23?,A$-."'"$-.%/A,3%+"%)"/-.."
,B'+"E"("-O-+")$%(",B-"EDDD"S("%$73,'/"'/,3,A<-9"#3?%T
.-?%+<"2A/.-."%)"/'.-$"/3&B,"7-'("<%;+"'."'"/'.-$"$'<'$",%"
(-'.A$-",B-"B-3&B,"O'$3',3%+."%)",B-",%2%&$'2B59"G-$,'3+"
$-&3%+.",B',"(3&B,"B'O-"/3)-"'$-"3+,-$$%&',-<";3,B".-T
/-?,-<"/'.-$";'O-/-+&,B.="'+<",B-3$"$-,A$+"/3&B,"'+'/5R-<"
,%"/%%S")%$"'7.%$2,3%+"%$"^A%$-.?-+,"7'+<."?B'$'?,-$3.T
,3?"%)"%$&'+3?"?%(2%A+<.9"!")-;"$-&3%+.",B',"B'O-",B-"
(%.,"2%,-+,3'/")%$"/3)-"'$-".-/-?,-<9

>('//"2%$,3%+."%)",B-".-+.%$"(-.B"%+",B-".2B-$-"<-,'?B"
)$%(",B-"('3+"2$%7-"(-.B"'+<"'$-"<$3O-+"<%;+"3+,%",B-"
',(%.2B-$-";3,B"$'<3',3%+"2$-..A$-")$%(",B-"/'.-$."%+"
,B-"2$%7-9"MB-".('//"(-.B".-?,3%+."<$3),"<%;+",%",B-"
.A$)'?-="?%//-?,3+&"'+<".,%$3+&"3('&-."'.",B-5"<-.?-+<9"
MB-"(-.B".-,,/-."%+",B-".A$)'?-";B-$-".2-?3'/3R-<"
?B-(3?'//5".-+.3,3O-"(%/-?A/'$"?3$?A3,."$-'?,",%",B-"O'$3T
%A.")%$(."%)"?B-(3?'/"?%(2%A+<.")%A+<",B-$-9"MB-"%$T
73,3+&"2$%7-"3+,-$$%&',-.",B-"/'+<-$"(-.B";3,B"'"/'.-$"
7-'(="?%//-?,.",B-"3('&-."'+<"?B-(3?'/"<','"3,"B'."
.,%$-<="?%(73+-."3,";3,B",B-"%,B-$"3+)%$(',3%+",B',"3,"
B'."?%//-?,-<="'+<".-+<."'"<-,'3/-<"$-2%$,"7'?S",%"0'$,B9

MB-"2$%7-",B-+"(%O-."%+",%",B-"+-1,"2/'+-,"3+",B-".5.T
,-(="(%$-"./%;/5"+%;=")%$"3,"3."+%"/%+&-$"'."/'O3.B/5".A2T
2/3-<";3,B")A-/"'."3,";'."',",B-".,'$,"%)"3,."(3..3%+9"*,";3//"
+%,".,%2"A+,3/"3,"B'."('<-"'"?%(2/-,-".A$O-5"%)"-O-$5"
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