Spacetime Diagrams

-What is a spacetime diagram?

-How do you draw a spacetime
diagram for an object moving
with a constant velocity?

-What's the benefit of
representing relativity this way?




Light moves at c.

Maxwell's equations

Michelson-Morley experiment

regardless of your reference frame



Reason: Alice is on the ground. Bob is in a high speed rocket (2¢/3) relative to
Alice. When Bob is directly above Alice, both of them send out laser pulses in
each direction.

Which cartoon corresponds to the laser pulses a moment later?
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4) None of these.



Reason: Alice is on the ground. Bob is in a high speed rocket (2¢/3) relative to
Alice. When Bob is directly above Alice, both of them send out laser pulses in
each direction.

Which cartoon corresponds to the laser pulses a moment later?
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4) None of these.

Answer: It depends!



Reason: Alice is on the ground. Bob is at 0.67c relative to Alice. Each
have two clocks they want to trigger with light pulses. All the clocks
are on towers, equidistant from Alice. When Bob is directly above
Alice, they both send their signals

Which sets of clocks will be synchronized?
1)A&B

2) Only A

3) Only B

4) Neither

5) It depends on who you ask.

6) Can't be determined.




Reason: Alice is on the ground. Bob is at 0.67c relative to Alice. Each
have two clocks they want to trigger with light pulses. All the clocks
are on towers, equidistant from Alice. When Bob is directly above
Alice, they both send their signals

Which sets of clocks will be synchronized?

5) It depends on who you ask.
Alice says: BothA&B
Bob says:  Neither
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1) Construct a line parallel to the x-axis,

which passes through P
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P & Q are simultaneous, because

they have the same|t-coordinate.

line of simultaneity
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Bob at rest, relative to room.
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4/5 the speed of light

[ I'm at rest, in frame T.

[I’m at rest, in frame G.
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Two Different Frames
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Muon Decay:
a real-world example of relativistic effects

cosmic rays create muons
in the earth's atmosphere

30000 m

Secondary

cosmic rays

muons travel about 98% c Vi

20000 m

muons are detected
on the ground

10000 m




Muon Decay:
a real-world example of relativistic effects

muons travel about 98% c

muon lifetime = 2 s

Secondary
cosmic rays

How far can the muon travel 2
u
in 2 us? (non-relativistic) 20000 m

Concorde

Vi

10000 m
Everest




Muon Decay:
a real-world example of relativistic effects

muons travel about 98% c

muon lifetime = 2 s

Secondary

cosmic rays

How far can the muon travel

Vi
in 2 us? (non-relativistic) 20000m
v= 3x10°m/s
Vi
t ~ 2 X 10-6 S 10000 m Lo y-EverﬁeSt:

Ax = 600 m










tiar

lab




tiar

Lon

de

itecte(

] af

lab




tiar

Si

lab




muon says:

ays: tp >




) frame &
zed" axes




&¥

O




Gos,

~,

ey



&¥




VIRGINIA : i
TECH > College of Science > Physics Dept

Spacetime Diagram explanation of Time Dilation
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Muon Decay:
a real-world example of relativistic effects

30000 m

How far does

cosmic rays

the muon travel?

20000 m

10000 m
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What does the "length of something™ mean?
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Length contraction:

Moving objects have contracted lengths
(in the direction of motion).
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Muon Decay:
a real-world example of relativistic effects

At
Elapsed muon Elapsed muon
lifetime lifetime

Muon created

At

A

Muon created

Muon decays Muon decays

(a) Muon’s reference frame (b) Earth’s reference frame



(Or you can use hyperbolic graph paper)

Where the hyperbolas are asymptotic to v = +/- c.

Geometrically, a Lorentz - v
transform is equivalent /
to sliding a e
spacetime coordinate ”
along this hyperbola. /

Z
t £ L Bob

(Idon't teach
hyperbolic geometry
to HS students though.)
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Spacetime Diagrams T Socke e
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Input
- x vs. t graphs

- how to "read off" a graph .

-X & t axes “squeezed“ eynchroqizds. Flopk R stars bt
so that photon worldline
"splits the uprights”

f / & 7 ays: tp= 2 Ys
Qutput :"‘ s tp > 2us
-relativity of simultaneity
- . . it o
-time dilation .
. i 'is short

-length contraction




Lorentz Transformation

y_ X—vi
Fixed frame Moving frame Ko v 0l
z 1-—
c
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1
X =
VX
T3
The primed frame moves with velocity v in the x = ¢
direction with respect to the fixed reference frame. The V2
reference frames coincide at t=t'=0. The point x' is 1-— -
moving with the primed frame. (65
5y L
Xt _ c?
The reverse transformation is: | % = =% r= 2
= i
c 2 ¢ 2

C Much of the literature of relativity uses the symbols

and v as defined here to simplify the writing of
1 relativistic relationships.

=~ T
|

\




