Twin Paradox from Every Angle

The Scenario: Goslo(unprimed)on Earth, Speed@rimed)travels at 0.6to planet
X, which is 1@y away, and then returns (double primed). Goslo sends a light
message every year. Subscripts: 1=trip out, 2=return trip, O=proper qusistity,
about sendiig messages,is about receiving them.

Goslo’s perspective, traveling out

a) The outbound trip taket = L “ o5 20y

b) Goslo sends pulses evefy, =1y . He will be sending out 40 pulses total.

c) When multiple messages are Oighfl,O they are spaced agarta distance
d =cT =1cy. With no object to measure, thisrista proper length.

Speedo’s perspective, traveling out

a) Thetraveldistancds only L= 71L0 -0y =8.66¢y . So the outbound trip

1.155

| ~
takest, = L = % =17.32y . (ThatOs a proper time.)
v .5¢c

b) GosloOs clock is running slow, so he emits a pulse dyerylT  =1.155y

c) Spacing of iAflight messages iBig, sinceEarth recedes between sendings.
1.In the time between sending two messages, thenfigssage travelsT!

while the Earth travels'7 in the opposite direction
2.So they are spaced apart a distancéef cT.+ VT = (1+/)cT/=1.732cy

d) Since the light has to catch up to Speedo, messages are received less frequentlyd) Once in flight, messages simmpproach Speedatc, so the timébetween

than sent Call the receiving interval’, .

1.Starting at receipt of one message, the next message has taliiauslthe
extra distance that Speedo covers. Message trayelsl + vT,.
2.The time required for the light message to do that is
X d1+VTrl = CTso+VTrl

Trl___
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T
=T, +pT,,s0T =—L=2T =2y.
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When Speedo is at planet X, 1@ra messages will be in flight

Note Ty is a proper timeT,; is not. Speedo measuna®oper time betwaereceipts.
Goslo’s perspective, returning

f) Return trip takes, = 20y . Messages are still sent out evéty=1y, and in

flight messages are still spaced apartdyy1cy .

g) Since Speedo is approaat, messages are received more frequently.
1.Starting at receipt of one message, the next message has talitassthe
extra distance that Speedo covers. Message trayetsd, ! vT,.

d-vT, cT_ !Vl T 2
2.507,=2-%"Ve _Slo' Ve _7 _y1 apdr, - =27 =;
r2 c c c s0 r2 r2 1+[)) 3 50 Ay
. : _t, 20y
h) On return flight, Speedo receiveg, =2 = —= = 30 pulses.
T, %Y

Great, so all pulses are received.

!

receipts is7 ) = ﬂ =1+ p)T.=1.732y
C

e) During outbound flight, Speedo receives this many pulses:

N _i: (LO/VV) _ I—() zl_ﬁzi_(l_l)i:()s lOCy _
T, +D)T, (+B)VT, 1+ VT VT, 0.5c(ly)

So everyone agreedNote thatd! and d, are both Othe distance betweeflight
message®but neither is a proper length, because there is no object to measure
Speedo’s perspective, returning

This is a new, third frame, so 10l use doyislmes. However, its speed is the sal
as thespeed of th@rimed frame.

f) Return triptakest) =17.32y =t} , messages are sent evely=1.155y =T!

g) In-flight messagepacing is extra smalgsEarth approaches between sendin

1.In the time between sending two messages, the first messagarmindravel
the same ditances as befofe’7" and v7,"), but nowthe same direction.
2.S0 the messages are spaced apart a distance of
dy=cT! vT1=(1! B)cT'=0.577cy .

. . d
h) The time between receipts g, = = =(1-/)T'=0.577y .
c

i)  During returnflight, Speedo receives this many pulses:

2
2:i= LO/!"v L gy b oy 100y
T, (L IY'T, 1-1 3T, vI,  0.5¢(ly)

So agin, everyone agrees. Nowhen the message spacicttangs (during
Speed@& turn aroumnl) from d! to d}, some big changes have to happen.



