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% calculate elapsed time for alice and bob for const
% proper acceleration a=g o alpha centauri {or to
% the center of milky way)

%

S R R R R S e B e A S R R R R Gl

close all

% constants

c = 3e8; % m/s

yr = 365424%60%60; % in sec
pc = 3.28kckyr) % In m

kpc = 1B08%pC;

g = 9.8; % m/s

% distance to star {or galaxy)] wrt person on Earth
D = 4.4%ckyr; % distance to alpha centauri in m
%D = 1@xkpc; % distance to center of galaxy

% calculate time to get 1/2~way there {outbound)
a =gy

tau_hatf = (c/a)¥acosh({D/2)x{a/e"2)+1);

t_half = (¢/al*sinh{{a/c)*xtau_half};

% total time is 4 % 1/2-way outbound time
T8 = 4xtau_half/yr;
Ta = dxt_half/yr;

fprintf('bob  ages by %f yrs\n', TB);
fprintT('alice ages by % yrs\n', TA

ER R L e R L S e e S S SR e R S S R S R T
% calculate world line

N = 25@;

tau = linspace(®, tay_half, Nj;

% part 1

a=gj

ct_1 = (c~2/a)*sinh{axtau/c);

x_1 = (c~2/a)x{cosh(axtau/c) = 1);

ct_2 = (e*2/a)+sinh{ax{—tau)/c) + chk2kt_half;
2 = {c*2/a)x{cosh(ax(-tau)/c) - 1} + D;

% need to flip since time is ruaning backward
ct 2 = flipir{ct_2}:

x.2 = flipir{x_2);

art 3
—g;

no

%
a

ct 3 = (e~2/a)+sinh(axtau/c) + cx2xt_half;
x_3 = (¢*2/a)x({cesh{axtau/c) - 1) + D}

% part 4

{c~2/a)xsinh{ax(—tau)/C) + ckdxt_half;
x_4 = (c~2/a)*x(cosh(axtau/c} ~ 1);

% need to flip since time is running backward
ct_4 = Fliplrict_4);

x_4 = flipiri{x_4});

% concatenate the parts
ct = [ct_1 ¢t 2 ct 3 ct 4];
x = [x1 x_2 %3 x4]:

% plot figure

figure()

plot{x/{ckyr), ct/{ckyr), k')

axis equal

xlabel('x (light-years}®)
ylabel('t (years}')

axis off

print{'-depsc2', 'twinparadox.eps'}

return



/jfo!/zn.l. ;‘}!Q jc,_. MJ ,)qf’;, Pq,q,,/uy

i "’Qg‘l ﬁ-xﬁe,:‘-*

ﬂcn =0 fl
/p 767[ by ve, b f’ﬁ‘%&“’

Aiq« L

__Lf _r‘\,u-[: fl\«:f‘ 2.5/ = “‘—L-“' :&2-

ILI\J!} v, F E;mTL P@/c Aa.,, /m‘i? i fe £

¢ 24"‘1-

/

J'q i & o

Wy'f— (,u/t V:,‘J}h""} [‘f""e Lq" /(“?-j fé fﬁr

f!pcé }"1,--9{ O = LE;?‘[L(? Sec /49/(‘ a, f\'hﬁy W[)nh‘)
Lquﬂ "lL Lawag l%/ﬁe«f"uhp.{ o F° f‘tf-a,c.‘ f)a/t‘ VeulFe.
fyf fi.0e s h te

| % E:L — A !(/- Ew’?
1 20 (ot plenddk) '.ﬁl ! A R
fo Fr (v b £alp

t !
S
X

. f/
g
—

) ( oot

&

‘
X

f-'/

1)

= /Jolc £t oo boo At L, Fine

W(?L /)e/";on w T I’gll' & pﬁ(?




e -['eh j" = st o [ A1
Fa) 0 TOm

774 4(‘,; j o feas T [‘unli‘ 0 = ‘f//f’/ffw@




il

J)  dx =
i T
I

/

-/
b /}E + ransT
o

Z
‘

Ve

uizj'nL —‘ZZ 7
9 ; l J éf

) (z,./ulﬁ““ Com poorat r Phd H-Fore
¢/
ol
£ Py "







Y
gk’ =

Y,

/?J»hLL"‘ forh”




e gt

)

j]tﬁf"’vfaf
r(/}‘_f’-'dhqﬁ ﬁ
Vs f‘rr !*/ L¥

Ik, ! y b
) — ra J
I j;nvi)J J - —:.u =
byt sy f-p i)
#w,.f-n@’ = - fw

2
\[ J 8"_ = < a
2.
I Y
o 2
. i
g
g :
« ' s v
R Fae
- %
L33 £ "f";g-i 'Fr-? -;'-}"ié F\'C?
/i(.-"(
L7
E/
=t /-4. S BN
.
v -
NPT ES
¢ b
(o} 5}’




/ VAR
W s O - W
B, o r
M__A__,—‘f—-—“’“——‘w‘ .
7)'({2 :
]LJ; r«.,@ / _ “_’___‘ — d |
¢ £
. R |
€
f /
lr - e vl Xo-ud
6 i 4"7! i 4
- ) _ . )
ooty TS
W[qe{ rind = 'g]
’D[\) M ¥ M Lt‘fj Q]TR
/)/»-
Fovlee e T P"L
- ) s 27 (lAV)
2652y 724o0
A = _— 3*107‘2,_
Re, - — :
" Vishao, = 21T Rg
e d = Vil = S04 *‘f"’LI"’/J /(jy
» 3 A 08ny - 2 77[6'700/7‘.,)
= Jo e —

B 2Y oo,

{Lf(? oW ‘

-?. OE/A”) ]u L/*»/j

—
-

-_—




@f

(4) Frm Erumph 104

? {u}@/: {‘@jé:}f@

}?‘p o,

e /
y - a(w//f“f;('o;fa_)




/ ate
oAt

ri’uP"’ r"ﬂ’e (fﬂuiua:. (g'f.‘{f&;e,)

d €

Fine

A R




9
(J) - J:/;@,' RZm.¢ 46 45

P

“ e ;../1“

/
/ - /
= (]:/9//) KQ"?T!TIJ-?QIJQ Aﬁ@

[t
f//a’)%{;ﬁ"r'»@" q0'4t, = /; 2,0 ap at,

E a lidy g@ ““".are‘n
P 1: € fﬁr"‘/ @ %J
J-!‘_ i‘v [JG" i_,_‘_f,éﬁe/l‘é)(ijgy ; CD_LJ‘{"P‘V‘(’J .

[\/awi
(o/@/ = é Foros B P cos B =

/ ‘f'“[z (O,

..nﬂ + (Q_/@/

=g rasg /

Cdlle ! s —rwBde ()i Wo?) +ﬁmt91@ /ﬁm.o)

(} ﬁ(/ )7—

SO R [ //7&"{@ ) B P{fg fﬁ:é)j
(/f‘/}/o,xf} /L

—

- £y, 0 /e imf?

S Tl Je I

et S TR

v pes)’
Jo el

sy grae /

= c‘)/z/lf"(?(d‘/@")l




o ot
/ 4 50 "
A
v
- f v el
—

N
NS
}
=
o
o)

S e e

N h'-we




Z-:éeff/y f/d,# :

7)) he

= \};& I -
J/j//»fjgu&i)'? }//I*Prwﬁy

b

\/;; L‘W ) L
3! l(,“pf'u@;) /

S
Ea )/ L///*{?("J@y 4

[ c/f L_T

t ; ’(‘a,)f‘ I i =
/(fcriffs hi /’- lwdn dE
I, /e’) - £e)
v

dw’

o /5{_} R
= # - w/ d «
Y Fpe) ; ’
J.

_— / —

= I 0
N XV;//”FKDJ@J.)L({ o
ow ¥ /= ___M_L;U__,___,a- > - / i _L‘
‘/:I’r.———_ ?“ ;-—p: {awla,) -J—t‘:; J//‘ﬂm,@ })




@) g@‘t“\*y /‘Hh’""-

t

/ ()

,.i,r"; 3
:?f/ / /““Is‘fu]# /17})3

Nfﬁ,};
b (re)

(/ vy

2
7[}"7)




IJ/oLlf;.,[ rp”f'ﬁ ’Ii s f&; 'f',.;;_,) (Z)
(1 %)

Cu‘lt Wtfl' /’fd/-;c/ eJ/c- /f‘-ﬂ;fé’ Lo "’?"V_ay

w b ’{?‘.’J V v t ./f“:r“"’"y o boe rvee

/al, .
s

[

P
'

e’

(‘}L&f;@ V;‘E‘ %‘T/)

Al 2’

—N
/‘}“ fo C)Lff’t‘fﬂf'/
CAmmers

’ ! T""'e d."l’— a Zo C ar /,?‘/

['jL?L !L"t{i}(‘*f ‘p 9 "_C_—
Vdff- = VLO - Lﬂ
b & < [{?
)— d i}r:—-—--!ij.r

(Ffu - j‘ }




ettt it

14715

(B
ﬂl\
-
T
S

Z 22.6°







Ejy & 20mc®




-
@0 ¢— v
~— v n e EE‘-‘* te '(omf”ae.#;
G C Y, w, C t E,
I o > . Sy
P M =
S R N
- —_— g - _
R
!\/QW» l:::x = /d’#’ - s h;#vgu
R =
- - wm <
fh hoy Do P Vo mar € mo
- e -
Lo, (Vute) = =
‘ + ¥ = M
)/M MM(/ f/ E-&
Lz‘r
LV
i (/j Eﬁh) = My
= ke
2 I“VM
> My 3
N lf"‘ff
2-- —
MI/I" Y ) = ”’«’ﬁ“‘//) ;“)
s - —
> 2y }iw > Wy T g,
¢ Pt m.




e
F'JVDLEMEM }i"“‘ﬂll"‘ (—‘LL},’(ksz th 'T"ﬂj Q# [%,A /
- s - s e
E- ~0g -2 , k= Pk
Sous te- e f}“.fg\ = ;-(Pxﬁ".j o 7 ( \
_ g Y = = “ﬁr?*w/:;:ﬂ
e By ) = -oBp TATAIRE
ﬁ Tnowqiy Qi_; :‘I.rm;.) o - o
— I R — —
—y = - 53 E : .
B, o TR LG iaeT
=_/_0 - ;* E
€o . ‘
- P-(-vf @/
(} .
- ? S
L0 RN
d&
—_ 2 ~—d
oy gy ) =L = 2 Fa)
fvp-dw) ~a 5 T8
o — Dl — 3 -y wad
J" PeaAa T L ,)_2/
g c® 4




Mol Let < L3
- l’mf
’?V"th—f- & ?k«"jc h"‘w‘fu af dn
s/ ~3 §
Ao A A v
7 _ A
> ¢ = P X
[ -4 & ‘__M/
g'("d(f?ﬂ +J§f T /,J .
Rl ; L
—_ . ] ¥ - J‘i,g—ff
i VoA T VS ¢ 2t P
— 4 M)
L 2L
- oaon +( -4 7 b

{o

— ' Yot Fhe foveale 9ave covelilin
(/11J 4 ) r4 . S AN

l‘f-F /!:IZ/J._.\“)




H/{)M /} ]ﬂ-?'ca}rﬁcés

AWQ}}' Z‘dgf i L’[‘_Vfcih-’a }}@fﬁ‘f“éﬁ
oL R I TN S CL N
€ o ) ) b
ox B ‘“_f?_j_? , 7B e
&
) Es-‘ _T7¢ *_92 ) P2 E/\’A\\
7 P ’
=3 e ndy
7o B (Fxa) oV
— ~ “F - ég_{_.;)
VaAE - X / f’/ s
S~ Pk ~ 2(TkA
l / f(‘
[
= ~ ) s
d

_ 4. - A,
F‘;.} - r)" AJ o‘)J
= C:s/ I’“‘“ (D)(Afi"
= Cuh g;ﬁ-
F s A, A - ), Ao
o) @
= LA 4]
S Ixt c
s LA LY
¢ T ¢ dy
VAR %
S 40 g

[EJ=[p1e
[[: J = @J .‘
L
Ju ["_»:r_] = Eﬁj
T L

LT

5o A3=LP - 0

C

. 4]







So

Y]

b e 2
YE o+ (BN
T (7€) ],
§ I
;7 - l/_ I_’; It ")
wp = (,:\/'J [y U




fﬁ) . /70/\4 3701.: ):;4’
o '7 700 /:00
= l))) Feu
-~ Feo

' d\)‘
- )R,
. Fal’
fl) f "Fu ) ﬁo ) /: f,
Y
S LY
RHJ’:-/L{O} — /",5/96.-
i e LETT e AT A
= =~ J s
= =1y &,
. ¢ ] ;
[, = ~
Lo C—] - == /OC/UO —2
ﬁHJ“ W/MJ'L -
~ ol L o 0,‘ e
LH( = c)w(f = JOF + G),[
- L) “0 .
[ cﬁ, i * CJJ /:L
Soeg MR ) ey
ZI{/C ) JJ ((/‘/“P’T




»’r'; ~ Ho € 2__ T T \;;
It "
= :{: ;’%P T /Mo j
& - ~3 ~ [/0 e Lend
Cl(wg) = JE 4+ J
Jt o roe - [e,J0E]
J 4T =







