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the Problem:the Problem: Visualizing TimeVisualizing Time
• Spacetime geometry has 

some ������� triangles:
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o u t l i n eo u t l i n e

• the Problem: Visualizing Time

• the Plan of Attack: variation of a familiar story
– Special Relativity and Spacetime: the Light Cone
– the Light Clock

• measures Proper Time
• reveals time-dilation

– Michelson-Morley apparatus (two light clocks)
• reveals length-contraction, the failure of absolute simultaneity 

• a Solution:
Visualize the TICK of a Circular Light Clock
– visualizes many relativistic effects (e.g., the Twin Paradox)
– to measure: countcount ticks! 
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SpacetimeSpacetime ViewpointViewpoint
•by convention, time runs upwards 
•by convention and for convenience, one or 
more spatial dimensions are suppressed

Special RelativitySpecial Relativity
• The Principle of Relativity 

– impossible to detect inertial 
motion

• The Constancy of the 
Speed of Light
– independent of the source
– has the same finite value for all
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the Light Conethe Light Conethe Light Cone



Light ClockLight Clock
• photon bouncing between 

two mirrors 
– measures Proper Time

• Green’s observations of 
Red’s light clock in relative 
inertial motion

– reveals time-dilation:
Green says “Red’s clock 
takes longer to tick”

• Green’s spacetime diagram of 
Red’s light clock in relative 
inertial motion
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• two light clocks with 
perpendicular arms

• In the rest frame of a 
Michelson-Morley apparatus,
light emitted at the source is 
received simultaneously at 
the source.

MichelsonMichelson --Morley apparatus Morley apparatus at restat rest
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• Naively, one might think a Michelson-Morley apparatus in inertial motion
appears to have the same shape as one at rest.

• However, light emitted by its source is not received simultaneously at the 
source, which would violate the Principle of Relativity.

This disagrees with experiment.

MichelsonMichelson --Morley apparatus Morley apparatus in motionin motion ??

New Ideas for Teaching Relativity: Space-Time Visualizations of Proper Time



• Experiment suggests that a Michelson-Morley apparatus in inertial motion
appears to have a different shape: it is contracted in the direction of motion.

• In this situation, light emitted by its source is also received simultaneously at 
the source, which would agree with the Principle of Relativity.

MichelsonMichelson --Morley apparatus Morley apparatus in motionin motion !!!!
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• Green regards the “reflection events at his Green mirrors” to be 
simultaneous. (They occur at the same value of t for Green.)

• Red regards the “reflection events at his Red mirrors” to be 
simultaneous in accordance with the Principle of Relativity.
(Thus, they must occur at the same value of t for Red.)

Absolute Simultaneity LostAbsolute Simultaneity Lost
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•Green regards the 
“reflection events 
at the Red mirrors”
not to be simultaneous.
(They do not occur at the 
same value of t for Green.)



Circular Light ClockCircular Light Clock
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• displays length-contraction, time-dilation, 
the failure of absolute simultaniety, the “Headlight Effect”

• The spatial locations of the moving clock’s reflections 
lie on a large ellipse with foci at the spatial locations 
of the emission and reception. 



Circular Light ClockCircular Light Clock
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• provides a picture of “one tick” (to be elaborated shortly)

• The volume enclosed by one tick is proportional to the square-interval 
between emission and reception at the source. (A Lorentz invariant!)



Measurement: countcount ticks!ticks!

• Twin Paradox•• Twin ParadoxTwin Paradox
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a solution to our problem

111 111 000

New Ideas for Teaching Relativity: Space-Time Visualizations of Proper Time



• To view the animations,
– ask me

– attend my talk DI02

on Tuesday at 5:45pm in Charlemagne.

– visit physics.syr.edu/courses/modules/LIGHTCONE/
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