
ASTR398B Black Holes (Fall 2015) 
Prof. Chris Reynolds 

Class 4 : 
Special Relativity 



RECAP 

!  Newton’s Laws of Motion 
"  Connection with notion of frame of reference 

!  Newtonian Gravity 
"  Action at a distance 
"  Predicts notion and value of escape velocity, 

vesc 

!  First ideas for black holes in late 1700s; 
vesc>speed of light 
"  Rev John Mitchell and Laplace  



Today’s class 

!  Speed of light problem 
!  Einstein’s postulates 
!  Time dilation – time is not absolute!!! 



I: THE SPEED OF LIGHT 
PROBLEM 

!  Recap 
"  “Relativity” tells us how to relate 

measurements in different frames of 
reference 

"  Galilean relativity 
#  Simple velocity addition law :   vtotal=vrun+vtrain 



Electromagnetic waves 

!  James Clerk Maxwell (1831-1879) 
"  Developed theory of electromagnetic fields 

in the 1860’s (Maxwell’s equations). 

Equations are just 
written out for fun… 
you do not need to 
know them! 



!  Maxwell’s equations: 
"  Predict “waves” of electromagnetic energy 

– quickly realized that these were light 
waves! 

"  The speed of light “c” appears as a 
fundamental constant in the equations. 

"  c=299,792,458 km/s 

!  BUT, what frame of reference is 
this measured relative to??? 



!  Luminiferous Aether (19th century) 
"  Hypothetical substance that fills space – 

provides “medium” through which light travels. 
"  Was presumed that “c” should be measured 

with respect to the rest frame of the Ether. 
"  Albert Michelson & Edward Morley attempted to 

measure motion of Earth through aether… 



Michelson-Morley Expt (1887)  





Michelson-Morley results 

!  Travel time difference would be measured using interference 
fringes of light from two paths 

!  Apparatus could be rotated to make sure no effects from 
set-up  

!  Repeated at different times of year, when Earth’s motion 
differs; Earth’s speed around the Sun is ~30 km/s 

!  Experiment performed in 1887 
!  Results 

"  M-M showed that speed of light was same in any direction to 
within 5 km/s 

"  Modern versions of the experiment show constancy to better 
than 1 micron/s 

!  So, what’s going on?? 



II : Einstein’s Postulates of 
Special Relativity 

!  Albert Einstein  
"  Didn’t like idea of Aether 
"  Impressed by beauty of Maxwells Eqns. 
"  Threw away the idea of Galilean Relativity 
"  Came up with the two “Postulates of Relativity” 

!  Postulate 1 – The laws of nature are the 
same in all inertial frames of reference 

!  Postulate 2 – The speed of light in a 
vacuum is the same in all inertial frames 
of reference. 



III: TIME DILATION 

!  Imagine building a clock using mirrors and a light beam. 

!  One “tick” of the clock is the time it takes for light to 
travel from one mirror to the other mirror. 

mirror 

mirror 

Bouncing light packet 

Speaker 
clicks when 
light strikes D



!  What happens when we start moving 
the clock?   [See discussion on board] 



!  The moving clock ticks more slowly by a 
factor 

!  This effect is called time-dilation, and 
the quantity “γ” is the Lorentz factor. 

!  There is nothing “wrong” with the 
moving clock!  Time really is flowing 
more slowly in the moving frame. 



Lorentz factor 

Lorentz factor goes to infinity when V→c! 

But it is very close to 1 for V/c small 

A 1% effect at  
v = 0.14 c, or 
42,000 km/s 
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Why don’t we ordinarily notice time dilation? 

Some examples of speeds in m/s 
!  0.0055m/s world record speed of the fastest snail in the Congham,UK  
!  0.080 m/s the top speed of a sloth (= 8.0 cm/s) 
!  1 m/s a typical human walking speed 
!  28 m/s a car travelling at 60 miles per hour (mi/h or mph) or 100 kilometres per 

hour (km/h); also the speed a cheetah can maintain 
!  341 m/s the current land speed record, which was was set by ThrustSSC in 1997.  
!  343 m/s the approximate speed of sound under standard conditions, which varies 

according to air temperature  
!  464 m/s Earth’s rotation at the equator. 
!  559 m/s the average speed of Concorde's record Atlantic crossing (1996) 
!  1000 m/s the speed of a typical rifle bullet 
!  1400 m/s the speed of the Space Shuttle when the solid rocket boosters separate. 
!  8000 m/s the speed of the Space Shuttle just before it enters orbit. 
!  11,082 m/s  High speed record for manned vehicle, set by Apollo 10 
!  29,800 m/s Speed of the Earth in orbit around the Sun (about 30 km/s) 
!  299,792,458 m/s the speed of light (about 300,000 km/s) 
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Examples of time dilation 

!  [We work through some of the examples on the white board 
during the class] 

!  Muon Experiment (Rossi & Hall 1940 / Frisch & Smith 1963) 
"  Muons are subatomic particles created in upper 

atmosphere from cosmic ray hits 
"  Typical muon travel speeds are 0.99995×c, giving γ=100 
"  Half-life of muons in their own rest frame (measured in 

lab) is th= 2 microseconds =0.000002s 
"  Traveling at 0.99995×c for th=0.000002s, the muons 

would go only 600 m 
"  But traveling for γ× th= 0.0002s, the muons can go 60 km 
"  They easily reach the Earth’s surface, and are detected! 
"  Half-life can be measured by comparing muon flux on a 

mountain and at sea level; result agrees with γ×th 


