
Christian Doppler 

1803-1853, Austrian
Image Courtesy of Wikipedia.

Welcome 
back 

to 8.033!



Summary of last lecture:

• Time dilation

• Length contraction

• Relativity of simultaneity

• Problem solving tips

Why opposite sense?



MIT Course 8.033, Fall 2006, Lecture 6

Today: Relativistic Kinematics
• Space/time unification: η, imaginary rotations, etc.

• Proper time, rest length, timelike, spacelike, null

• More 4-vectors: U,  K

• Velocity addition

• Doppler effect

• Aberration

Max Tegmark



Velocity 
addition



SIMPLER 
WITH 2x2 

MATRICES







Unification of 
space & time



Analogy: 
Australians and 
Bostonians agree 
on length of a 3-

vector.









The only difference 
between space & 
time is a minus 

sign!



(Also easy to see directly from top equation)



4-vectors are null, spacelike or timelike:
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Future
Past

The Three Types of 4-Vectors:

SPACELIKE NULL TIMELIKE

ΔXtη Δx > 0 ΔXtη Δx > 0ΔXtη Δx = 0
|Δx| > cΔt |Δx| = cΔt |Δx| > cΔt

Figure by MIT OCW.



Timelike, 
spacelike
or null?







Application:

dτ is invariant



Which type?





This is how it is in the frame S’.

But how does it look?











This matches equations (1)-(4) in the Weiskopf et a1 ray tracing 
handout 

The change in the angle 8 is known as aberration 

The change in frequency ck is known as the Doppler shift - note 
that since k = 2w/X, we have X'/X = k/k'. 

If we instead take the ratio Jk'; + k'z/k~ above, we obtain the 

mat hemat ically equivalent form of the aberration formula given by 
Resnick (2- 2 7b) : 

sin 19 
tan 8' = 

y(cosQ - P )  

Examine classical limits 

Transverse Doppler effect: cos 8 = 0 gives w' = wy, i. e., simple 
time dilation 




