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Time dilation

«  Light clock

mirror

P
-

mirror

« 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 +((vA')’ 1 4))
~AL =M (5 )
But (a::At)"3 = 4]

gives (At'/At)” =c¢” /(e® —v7)

AU IAE=1/1-(v/ )
CL A= At
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Time dilation

«  Light clock

mirror
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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 +((vAr')* 1 4))
s AL = AP (¢ —v7)
But (cAt)” =4I’

gives (At' /A1) =¢” /(e” —v7)

LA IAF =1/ 1= (v/c)?
s A= At
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time dilation

(eAt)’ =4 +((vAr')? /1 4))
- - # Lz—_ - MZ (;_:E;‘ B *E‘j')
Bt  (cAt)’ =4I
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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 = — g
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.

R}'{\Lﬁ

\"‘-\.\_\_‘_\—\-\-\-

wrong right
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Scales on time and x axes

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

‘Hq__q_\_i

wrong right
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Time dilation

» Consider a black spaceship travelling at 0.5c 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:

.iht
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Time dilation

mtmw-ﬁﬁ-ﬁrg.ﬂﬁ 3 DT Tha Sare and
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AsBuming A Rampens = Earth's frgme & b =0 g =0 ang B
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Time dilation

= Consider a biack spaceship travelling at 0.5c past the earth and
physicist on Earth. The physicist staris typing into her computer
(event A). Some time iater, she i finishes {event B).

= AsmmmﬂhappensinEarm‘sﬁaneatinet:ﬂmdmand Bat
&T.pﬂAmBmMspm&necﬁagmbelw[mQEam*s
frame): .ot

i

- lfu&ﬁidnmlmm'd'mﬁt,&:'r. we could determine it from the graph
mmefdmmgprmedure:

= StenatAanddrawa line: of constant time (t=0}. Continue o drow
lines of constant ime (=123 j— these are parallel lo the x axis
— until we draw one that mersects with B, The time for this flineis T
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wondshestiora = —-
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Length contraction

* Analogous process for length contraction

. Masﬁd:hmgmmematrm
- w&mmmmes'mmamvmmmw

T
i

=

Tummumnsm,mm:mm
comesponds o the line x=0

ﬂmammmnm:mmmm:mmmm
WWMMMEEMM@!#MWM
mmuingm::a—ﬂm,aaa.._mﬁlwemawmematm
mm@memﬁm.m:mg;s given by b-a

Although this process is labonous andg unnecessary, i helps us o
ungerstand how 10 measure L graphically.

2t us perform the analogous procedurs in the frame &'
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Time dilation

« Consider a black spaceship travelling at 0.5c pas! the earth and
Wm%ﬁemmmwﬁmimhermmar
(event A). Some time later. she is finishes (event B).

= Assuming A happens n Earti's frame at ime =0 and x=0 and B at
t=T. piot A and B on the spacetime diagram below {showing Earth's
frama): =3

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

= Skmtal A and draw a ine of constant time {1=0). Continue to draw
lines of consiant ime (=12 3. ..) — these are parallel o the x axis

— umnitil we draw ons that intersects with B. The ime forthis lineis T.
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Time dilation

= Cansider a black spaceship travelling st 0.5¢ past the sarth and
physicist on Earth. The physicist starts typing into her computer
{event A). Some time later, she is5 finishes (event B).

= Assuming A happens in Earth’s frame attime =0 and =0 and B at
=T, piot A and B on the spacetime diagram beiow (showing Earth's
framej: '

= [f we did not know that At, =T, we could determine i from the graph
through the following procedure-

= Start at A and draw a line of constant ime (1=0). Continue o draw
fines of constant time (8=1.2.3.__) — these are parallel to the x axis

— until we draw one that intersects with B. The time for this lineis T.
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Time dilation

= mawhEaM'shEHemﬁnepﬁandxﬂaﬂBat
tzT.puAandEmthagpamﬁneujagmﬂ (showing Earthi's
framel: ¢

-
v
|
1
|
!

- Hueﬁdnnmmmftwemﬁdmmineﬂﬁmmem
m:u.:ghmaidhwingpmnedm&

= Startat Aand draw a line of msmmne{t:ﬂ}_muemdmw
lines of mﬂaﬂﬁm&{tﬂ,ﬂ.‘a...}——mm aregamfﬁeitome:axis
— unitil we draw one that imersects with B. Thetimeinrﬂ‘risﬁmisT.
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