
A Picture is Worth 1000 Equations: 
The Art of Relativity

Gerald Feldman 

Department of Physics 
George Washington University
Washington, DC





Special Relativity in Modern Physics
 Modern Physics:  usually in 2nd undergraduate year
  Special Relativity
  Quantum Physics
  Atomic Physics
  Selected topics (nuclear, solid state, molecular, astro, etc.)  

 Special Relativity
  first 1-2 chapters of MP textbook

  relativistic kinematics
  Lorentz Transformations
  time dilation, length contraction

  relativistic dynamics
  energy and momentum 



PHYS 2170    Foundations of Modern Physics                    (University of Colorado)
Covers special relativity, quantum mechanics and atomic structure. Completes the 
three-semester sequence of general physics for physics and engineering physics majors. 

PHYSICS 264L     Optics and Modern Physics                              (Duke University)
Third course in sequence for physics and biophysics majors. Introductory treatments of 
special relativity and quantum mechanics. Topics include: wave mechanics and 
interference; relativistic kinematics, energy and momentum; the Schrodinger 
equation and its interpretation; quantum particles in one-dimension; spin; fermions    
and bosons; the hydrogen spectrum. Applications to crystallography, semiconductors, 
atomic physics and optics, particle physics, and cosmology.    

PHYS 2620   Modern Physics (University of Virginia)
Introduction to quantum physics and relativity, with application to atomic structure, 
nuclear and elementary particle physics, condensed matter physics, and cosmology. 
Three lecture hours, one problem hour.    

PHYS 237   Introduction to Modern Physics                             (Penn State University)
Relativity and quantum theory with applications to selected topics in atomic, 
molecular, solid state, or nuclear physics. The course covers modern physics curriculum 
focusing on special relativity, concepts and formalism of quantum mechanics in one- 
and three-dimensional systems, and applications of quantum theory to modern topics 
such as atomic/molecular, nuclear, particle, condensed matter physics or astrophysics. 
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Chapter R1 The Principle of Relativity

R2 Coordinate Time

R3 The Spacetime Interval

R4 Proper Time

R5 Coordinate Transformations

R6 Lorentz Contraction

R7 The Cosmic Speed Limit

R8 Four-Momentum

R9 Conservation of Four-Momentum
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At midnight (t = 0 hr), while the space station is asleep, 
renegades steal a shuttle and escape. The ship is slow, 
only capable of v = 0.5, so the renegades fear that they 
will be caught. When they reach x = 4 hr from the station, 
they come up with the brilliant idea of dropping a fuel 
tank behind them (event A), leaving it at rest to block 
laser blasts coming from the station.

The space station crew has overslept and finally wakes 
up at 12:00 noon (t = 12 hr). When they realize what has 
happened, they immediately fire on the stolen shuttle 
(event B), but the shot is blocked by the fuel tank, which 
is destroyed (event C). When the light from the explosion 
reaches the space station (event D), the station crew 
realizes that their first shot was unsuccessful, so they 
immediately fire a second laser blast at the shuttle, which 
does eventually hit it (event E), disabling the ship and 
foiling the renegades’ escape.

Draw a spacetime diagram of this story.     
Identify the (x,t) spacetime coordinates of these events.
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γ = 1.09
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Delivering Group Quizzes
 quiz consists of 10 multiple-choice questions (5 pts each)

 part 1 – students work on quiz individually (50 pts)

 part 2 – rework quiz in groups using scratch-off  (50 pts)
 decreasing point values (5,3,1) for multiple attempts

 each part is about 10-15 minutes
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Name Individual Group Total

Group 1 35 48 83
Group 1 25 48 73
Group 1 35 48 83
Group 2 25 46 71
Group 2 25 46 71
Group 2 40 46 86
Group 3 20 44 64
Group 3 45 44 89
Group 3 30 44 74
Group 4 40 48 88
Group 4 30 48 78
Group 4 30 48 78
Group 5 30 45 75
Group 5 30 45 75
Group 5 35 45 80
Group 6 35 44 79
Group 6 30 44 74
Group 6 5 44 49
Group 7 40 46 86
Group 7 30 46 76
Average:            30.8             45.9            76.7
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Conclusions
 Thomas Moore’s Unit R  (Six Ideas That Shaped Physics) 

graphical presentation of spacetime diagrams
emphasis on concepts (in addition to math)
ideal for active-learning classroom 

 Basic feedback from students
transition to regular Modern Physics textbook is a bit rough
students performed best on special relativity in final exam! 

 Personal conclusions (my own…)
excellent way to present special relativity!
potentially the basis for a full-semester course
Thomas Moore also has a general relativity workbook 





Chapter R5
Coordinate 

Transformations










	A Picture is Worth 1000 Equations: The Art of Relativity
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Conclusions
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34

