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AS.S‘um& Hfall a i"oclfell S/u‘.‘a /efmes Hne é':an:% " /éc year Rocr. Cne
O{'\ a SC'I' O\C fﬂvﬂ?ﬁ bm'l 7 1980 remams o7 é;w“'%) %@ pféey\ /\,&é’_s
in te rocke. The rocket slu;;o is So censtructed that it has an
GCCclefq:[ron ; in ;'{S owr !‘c.ﬂL Pr‘ame, ( Hq/'s makﬂ‘ lqye, occuéoaz;:l_s
Feel of home). T} accelerabes i @ stratght-lise b or & yewrs
(5 s o clocks, “deccretes af e Some rafe. for S mort yeons,
turns around ) aa"elemfes r & years, drcelerates hor S years erd
loads oa Earth. The tuin ia ﬁ;c: recket /s 4O years old.

a) What yéar (s it on Garky ?
lo) How Far away Lone Corth did Hhe rocket travel 7

"aa’af’aj o

C,) WIq,.)t was Mc maximom Eizefic e1ecg y oF the SOkg tarm wrd For heaw
ij wouu G@n wjmr)/ 1000 M powen ﬂ/ﬂfﬂl‘ have }2 OF&-??(C» e
Proapt(ce, Sc.d' an evdery / 7



ih9-2

Don'{ look af SR for the whole answer — SR is o Meaf/ oF !'Oer‘il/‘q/
Dams qu since. )\/cwbﬂ‘_r ISJL Low aﬂae:: .o_g_g_f hold /f‘?e /n jj,&
rocket frame, the racket i non-izerdial .

I'lbabt:‘vef) a Pfﬂm& will be f/?eml/‘c?/ r'p you /‘cwlf‘t"cil /acmre/ ‘C fo &
Smal eaoajz reqion 1n space/fayc: . What s Hhe agpre Jate reg/en
Q’f‘ %fs pro“em? '8 w'// GSSterne. #MJ!‘ )[r?/-r/ mw)'//:’a LS ﬂof &7
(SSue here So the f‘ocfcdl p"f?mc can be asr /ev:ye RSs «e

please. The problem 5 Mat Fhe reclet IS act“e‘f’m);fiﬁ wrt a Drowe
in which NAL dees hold true  (Eardh).

Se while the foc{:e{ may be r'm'//‘:?///y l'f)cf‘a[/b/) it becomes w0 -

f‘ner'lfal Seme .s‘lwr{ J[/nrc /JC’".

The obvieus Sa/q/fo s fo choste o rac/cc'll frame c.,i,»cé JAY gpo;%/
lQ/‘jg, Lot ftmpmjf smeall, Ir seild keef the rocked Frome. %
Q;r an fhs)(ﬂo+ 3 aﬁc’f‘ 6v4/t~17 1){3 o /Mja" Mew{fb/ so | 1| '/7 choese
aaw#e/“ :[\mmc 67( q S)fﬁf:}ﬁ/ A@Aeﬂ S‘peccj L..r-/‘ ééf /é A u‘/‘cﬁ )%c,
f‘ackof (s ot rm)l.

Suppase.  we're of fime +=7T. The rockeed  bas | on eaeloelion |3
in its own rest Frame. 5 * however * ¢ I( A mamm)(ﬁ/‘// o] rest.
nue .:Jm(c r'oclce‘[ leue. 3 moo/?gj a’/‘ .rfceof’ Vv wrf lerras oAJ‘@"uef.S’.

\ Reckel Frame  fime )
| Earlly FProme l s

The c‘za'ﬂje. in #;c rockels spca:p c.-r']L ;‘t(.r O’ r‘epcrmqg FPove. 1)
Some.  progel amoem‘l‘ op a&'mcmq/fef )‘:}v,e ¢

dvt = adT



He T =

AP}CF 'Hﬂ roper f:‘me ffnlffv'al o@’T 5 ﬂo Pﬂc‘:elt.'f Ky eed as e _scmca/ 6
Carltly observers will be i T T

o dv+ ¥ — | BdT + V q=2a)
e [+ ydv | +3vdT (

The aPe/JOanaJCV‘ s oF Me QWW? [+ Same#/' S"m?// ! We"// C'#'Xdpt?f)op
e denommetor to order 1. in dr%?ﬂllﬁs

Vedy = (34T + v)(1+ 3vdT)”
= (3d7T+v)(1-9vdT)
T 347 - j’y/r* + V- JvRIT
]

Se the cloa«nje, in the reckels Speeap wrt s own rest’ Pome
(a’?d 7(118"‘61(?0/‘6 1'1[5 Clﬂ?ﬂje. 17 .Sycﬁ-ﬂ c..m?l Té/!ng) 33

dv = 9(1-v2)dT

= A - 4T

T"lé’. POC'C&'I‘ 57{9/‘1{5 96!7" Cf} Syea:ﬂ O a} fime © and reaches :éae.c;-(

V al some time
v T

dv B
\ == = %SAT

o

The LHS inteqgral can be solved. by | v S«L.c/;)/qf/bﬂ, h )/fe/‘éo/l‘c trv
SuLs:(:}'uffon or gdrz‘z‘e ch(JMS. 77'6/ 5, Jzaﬁ as a Fueaclion o Fime. 1
ou H* no)" b: anu.ro:‘cpq l , So can #;e. T SWL.S?{{#“I/‘O"J. Par‘/jb/ )omcéba_s
ol yield Tegaritms —~ more. plogsible: bF SHll wnlbely.  The way

to 4e 5 a ﬁfpcAo&t }f‘fj St SD(I'Z/ ton.

o
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Let v=TavHY dv = sech™dv
| TAWH™(V) TANK™Y(V)
SECH”®

AT |= gm?%—aﬁ7 = gaﬂ’7 = TAWH™(v)

= o

Therefore i

Rocket speed wet Garth as o Fuadios .P
{ V(T) = TAWH(ﬂT)J e rockd} own proper time

: d
Since this is the rockef .speeJ in Earths Frame s ver) = ;}5 o5 measured
b qu‘)qq. We caq use s Funcilfba b fad f‘?& rocket’s G[l'-ié‘vice. from
E{m{h as a fuaction of Froper rockel” 1ime via r'm(.;jvw 1on.

4 dx 4T 1t et X
V=g’f’=ﬁm‘: = 4y = JIVem T

¥
Or,
%WE{) = V
dx =
% SECH(3T) TAVH(3 T
;"}_f_ = SIVH(T)

Ax = SIWH(ITOLT

This /s H;e oA f‘@mﬁb} e?w{;.bﬂ rzzlca};‘qj H]e_ rsx:]cﬂlk posi;//b4 pmn
qu\qq aS Secen L/ E-W'”? cm-vp ‘H:C /‘ac{r:ei[fs pPrepen J(I'me. i }‘ Is
l‘cqu:'{)/ ;rn(ejm}‘cdp



9%
X T
S dx = (suntgm AT

"
x = FcasH(ID|.

rocket pesdion fram Earh os seen
Lf Earth as a Lanclion op

{X(T) = j'l_[COSH(jT)—-l—] 1 rockei’ Proge” b:wc_

w l”’l m/ 61401'03 o‘P meff‘ff::, ﬂoe m@m'}mﬁ& aP a” ‘/-Vdac///‘cs Iy ~/:
W = (B - (B = -

Soll’fﬂj F:?f‘ ‘,#-)

db = famgmrT = cosH(IT)

where T wsed the hyperbolic Pthegoreen Theorem cesti’y-swh™y =1 .

=—CosH{94T) l

4t
J/T

Inl"ejmhbg both sides |

proper Jl‘me, ]

L + - .51.. SIUH(ﬂT) ( Reletion between coordinele dime anc

l“a:{:r'qq'lfn how atxclermlfon y:&fcﬁs Y c;gpmcq/!:v/ relotios ée?(wm Cmmdr‘mé
anop preper 1‘!'#}6.
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| a) 4 i geoﬂw}ffca[ wnits -
1. 8lmps (Brpo s T =327 107

The time (in everyoues fame) For the § trip s & of the rme

F;r ”u: Foqacp wtmp.

+'/q = 3.?;”0,% SIVH [(&27;: 10-3/3)(5yr)(3~f$“10?’=c/yf)—_g

= 2.64% }O?sec.
= 83 7 }//"
So the round ‘}Pf;f) as seen L)r Earth 15
{‘r,g.,.l = q.}v - 336_ n
o T

[ Soe iF Ty=5 yr, the rockel makes the rownd f/‘ﬁo in ROyrs 4—\

preper fime . The prepec year Is XHOZO . The roc;!cctt fwing 7S
90 yrs old.

The round }qy tekes 335 yr er\ap{bo)le '}I'ME. The | cdanliale yes
[0S 2335 Tie Earth Yuin s 355 yrs old.,

Iaf) on e other l“?'wp, ’rt/‘f = 7)’”:

-,.W = 3-:_2}55:545 SIVH [(3..?'71’t 1075 X 7)"‘)(3'/5- <10’y )”") 3

2.07x IO'asec

i

"

GE?YI‘
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So the f‘olmap {‘m;p 4s Seen L), Carlh  is-

f?ﬂ.,:;,p = 44, F 2628 yr

7

Se f Ty s Zyr, the rockel makes the rownd bvp in 28 years preper
time. The praper year Is ROE, The rocket twin is 98 yrs ol

T;JC f‘coamaa 7‘:‘;" ‘I‘akt.s 26258 yrs cwvzﬂm?(t )I/'f)?e . 1%e Cmmﬁ'mp/e' yeer
is 9¢x28. Tfe Earth twin is 2698 y’s old.

max

b) Ir Tvq =15 yrs the AJ/Sﬁaﬂce the. rockef ){fvw//cdd s

Xoay = X(Tp) = 2X(Tw) = X(Sys)

e L]
3.27x107%

—

[COSH{(3.27:«10"3/3)(S}n_s)(iﬁxfo;c/,r)} = l—j

"

520 %10's (310" mts )

.56 % 10" m
= |lg§ }(JL:} yerrs
IF Tw= 7y, the max diskance the rocket trowelled is:

b AW m ( 3&]0’,,/“.)[(:0: H[ (3.27x 10'5’5)( 7).»r_;XBJS' xID:a;//f)__) T l ]

= [ 29%10"m
= ]3]0 ]QH years
Didnt 7w'1'e. make [t 4 Y ceadre of Hhe Jcé;x/.- .



c) F,:?‘.s?l {t\/}cp Viax which l%ﬁ T;/q s | 7 pyearns, L prager {ine D
Voog = V(T270) = TAVH[(3.27%1070s (75 X345 %10%ecjpn ) §

=, 9911987058059
= 299199672 m/s

= | V= §£77

P 4t

So set Ke,max =

(r-DMc* = Pat =R LN

Fu
o & (677-1)(50k)(3%10%)s)
IUGUKIOC Y/s

& = 3.0 x /Oizscc.
?a 7)< !09 )/(‘

)

1]

Time To read /‘f/jae/ Alcybierré's papel orn  earp drive .
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