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= cores features of special relativity graphically or geomefrically: time
= dilation, length contraction, the relativity of simultaneity and the twin
- paradox (and more).
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Time dilation

« Light clock

mirror

.
-

! &

mirror

S

A and B are the events corresponding fo a
photon hitting the bottom mirror on two
successive occasions.

At=2L/c
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time dilation

(cAt') =4(L7 +((vAt')* / 4))
= AL = AP (¢ —v7)
But (cAt)” =41I°

gives (At'/At)” =c¢” /(c® —v?)

LA IAF =1/ 1=/ c)?
CL A= yAL
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Time dilation

« Light clock

mirror
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* A and B are the events corresponding to a
photon hitting the bottom mirror on two
successive occasions.

At=2L/c
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time dilation

(cAt) =47 +((vAt')’ 1 4))
AL = A (¢ —v?)
But (cAt)” =41I°

gives (At'/At)” =c” /(c® —v7)

LA A =1/ 1=/ c)?
A=\
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) Relativity: Einstein's theory of relativity in animations and film clips. Einstein Light - Mozilla Firefox
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Binstein's theory of special relativity includes electnicity and magnetism in 2 simple, logical extension of the relabvity of Galileo and Newton. Its
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time dilation

(cAt) =A(L” +((vAr')" / 4))
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Length contraction

» Analogous process for length contraction

« Consider a stick lying on the ground at rest.
« What is its length in frame S’ moving at speed v relative to the stick?

r'y

worldsheetfora — — E
horizontal stick at rest

-+ L
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Scales on time and x axes

« ct’ axis: Due to time dilation, it must be stretched out.

H\

wrong right
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Scales on time and x axes

« ct’ axis: Due to time dilation, it must be stretched out.

\

wrong right
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Time dilation

« Consider a black spaceship travelling at 0.5¢ past the earth. At one
point, the Klingon on it starts typing into her computer (event A).
Some time later, she is finished (event B).

» Assuming A happens in the spaceship’s frame time t=0 and x=0 and
B at t=T, plot A and B on the spacetime diagram below:
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Time dilation
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Time dilation

» Mammtmﬂhgaﬂ_ﬁcmmmm
MmEﬂtTﬁepﬁyﬁ&sﬁsﬁﬂs@phgiﬂmhﬁmpma
(event A). Some time later, she is finishes (event B).

. Asmmhgﬂhﬂ:pensinEarufs#aneatiner:nand::uandBat
hT.pﬁAmEmmmcﬁagmbelm[MQEam’s
frame): o

- Ifndﬁmmmﬂmqﬁ.wemmuemmnmmm
through the foliowing procedure-

= SanatAanddrawa line of constant time (1=0). Continue to draw
lines of constant ime (t=123...) —these are parallel to the x axis
— until we draw one that intersects with B. The time for this ineisT.
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Length contraction

- Whﬂtﬁ&gﬂahhrnaﬁ'mm:galspeedvmmmw

woridshestfora  _  —-
honrontal sbck at resy
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muingm::aﬂ.mz.aa__-uﬁlwewawmemamﬂsse;
through the point x=b. The length L, is given by ba

= Alhough this process is labonous and unnecessary, it helps us to
understand how 10 measure | graphically.

2t us perform the analogous procedurs in the frame S

Pag




Time dilation

Consider a black spaceship travelling at 0.5c past the earth and
physicist on Earth. The physicist starts typing into her computer
(ewent A). Some time later. she is fimshes (event Bl.

Assuming A happens in Earth’s frame at time =0 and x=0 and Bat
1=T. plot A and B on the spacetime diagram below (showing Eanfh's
frame): =e

If we did not know that At =T, we could determine it from the graph
through the following procedure:

Start at A and draw a line= of constant time (1=0). Continue to draw
lines of constant time (t=1.2 3...) — these are parailel 10 the x axis
— until we draw one that mtersects with B. The time for this fline is T.
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Time dilation

= Consider a black spaceship travelling at 0.5¢ past the esarth and
physicist on Earth. The physicist starts typing into her computer
(event A). Some time later, she s finishas (event B).

= Assuming A happens in Earth’s frame 2t time =0 and x=0 and B at
=T, plot A and B on the spacetime diagram below (showing Earth's
frame): -t

. Hweni:nmmmatﬂ.ﬂ:tmmuudmemmnfmmmem
through the following procedure-

= Siart at A and draw a line of constant time (1=0). Continue to draw
fines of constant time (t=1.2.3._) — these are parallel to the x axis
— until we draw one that intersects with B. The time for this lines T.
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= mﬂgnmﬂshEaM'smneﬂMatﬂmnuaﬂEm
hT.mntmmmemww{Mg Earth's
framelk =
|
i

- Hwedidnﬂhmmme. we could determine it from the graph
mmmmefnhwingprummm:

- SmatAmdmamEmmmmmeu:ﬂ}_mﬁmemdm
Eﬁdmme{tﬂiﬂ...}—mﬁempamﬁeimme:aﬁs
— unfil we draw one that intersects with B. The time for this fine is T.
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