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l  Professor: Joey Huston  
l  email:huston@msu.edu 
l  office: BPS3230 
l  Homework will be with Mastering Physics (and an average of 1 

hand-written problem per week) 
◆  Help-room hours: 12:40-2:40 Monday (note change); 

3:00-4:00 PM Friday 
◆  36.73 hand-in problem for next Wed 

l  Quizzes by iclicker (sometimes hand-written) 
l  Average on 2nd exam (so far)=71/120 
l  Final exam Thursday May 5 10:00 AM – 12:00 PM 1420 BPS 
l  Course website: www.pa.msu.edu/~huston/phy294h/index.html 

◆  lectures will be posted frequently, mostly every day if I can 
remember to do so 

Physics 294H 



!
!

Example 

l At SLAC, electrons 
are accelerated to 
v=0.99999997c in a 
3.2 km long 
accelerator 

l How long is the 
accelerator from the 
electron’s point of 
view?  
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Intervals 
l  Back to (Galilean) 

geometry 
l  Two coordinate systems, 

one rotated with respect 
to the other 

l  Coordinates (x,y;x’,y’) 
different in two frames 
but interval is the same 
◆  d2=(Δx)2+(Δy)2 =(Δx’)2+

(Δy’)2 

◆  this will be true for all such 
coordinate systems 

◆  d is called an invariant 
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§  Consider two events that are separated in time by an 
interval Δt, and are separated in space by an interval 
Δx. 

§  Let us define the spacetime interval s between the two 
events to be: 

§  The spacetime interval s has the same value in all inertial 
reference frames. 

§  That is, the spacetime interval between two events is an 
invariant. 

Spacetime intervals 
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Example 36.7 Using the Spacetime Interval 
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Example 36.7 Using the Spacetime Interval	
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Lorentz transformations 
l  2 coordinate systems, S 

and S’ 
l  Galilean transformations  

◆  x’=x-vt 
◆  t=t’ 

l  What about a relativistic 
form for the 
transformations? 

l  Need to  
◆  agree with Galilean 

transformations when 
v<<c 

◆  transform both spatial and 
time coordinates 

◆  ensure that speed of light 
is the same in all frames of 
reference 
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Lorentz transformations 
l  Try form 

◆  x’=γ(x-vt) 
◆  x=γ(x’+vt) 
◆  is this the same γ we met 

before? We’ll see. 
l  Consider an event where a 

flash of light is emitted from 
the origin of both coordinate 
systems at t=0 

l  In a second event, the light 
hits a detector; the 
coordinates for this event are 
(x,t) in S and (x’,t’) in S’ 

l  Since light travels at the same 
speed in both reference 
frames, the positions of the 
second event are x=ct in S 
and x’=ct’ in S’ 

l  Substitute into the equations 
above 
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Some algebra 

l Solve first for t’ and 
substitute into second 

ct ' = γ (ct − vt) = γ (c − v)t
ct = γ (ct '+ vt ') = γ (c + v)t '

ct = γ (c + v)γ (c − v)t
c

= γ 2 (c2 − v2 ) t
c

γ 2 =
c2

c2 − v2
=

1

1− v
2

c2

γ =
1

1− v
2

c2

=
1
1− β 2
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Lorentz transformations 
x ' = γ (x − vt)
y ' = y
z ' = z

t ' = γ (t − vx
c2
)

x = γ (x '+ vt ')
y ' = y
z ' = z

t = γ (t '+ vx '
c2
)

These transformation equations 	


leave Maxwell’s equations invariant.	
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Peggy passes Ryan at velocity v. Peggy 
and Ryan both measure the length of the 
railroad car, from one end to the other. 
The length Peggy measures is ____ the 
length Ryan measures.	



QuickCheck 36.11 	



	


A.  longer than	


B.  at the same as	


C.  shorter than	
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Peggy passes Ryan at velocity  . Peggy 
and Ryan both measure the length of the 
railroad car, from one end to the other. 
The length Peggy measures is ____ the 
length Ryan measures.	



QuickCheck 36.11 	



	


A.  longer than	


B.  at the same as	


C.  shorter than	



Peggy measures the proper length because the railroad car is 
at rest in her frame. Lengths measured in any other reference 
frame are shorter than the proper length. 
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l Suppose an 8 m long school bus drives 
past at 30 m/s. By how much is its length 
contracted according to an observer 
standing by the side of the road?  

l The proper length (8 m) is in its own rest 
frame. 

l It will be shorter in the frame of the 
observer.  
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The Binomial Approximation 

§  The binomial approximation is useful when we need to 
calculate a relativistic expression for a nonrelativistic 
velocity v << c. 
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Lorentz velocity transformations 
l  Frame S’ is moving at velocity 

v with respect to frame S 
l  A speed u in S corresponds to 

what speed in S’ 
l  Take derivatives 

u ' = dx '
dt '

=
d(γ (x − vt))

d(γ (t − vx
c2
))

u ' = γ (dx − vdt)

γ dt − v dx
c2

#
$%

&
'(

=

dx
dt
− v

1− v (dx / dt)
c2

u =
dx
dt u ' = u − v

1− uv
c2

u = u '+ v

1+ u 'v
c2
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Transformation of velocities 



!
!

Relativistic example 
l  A man on a (very fast) motorcycle 

travelling 0.80 c throws a baseball 
forward (he has a very good arm) 
with a speed of 0.70 c (from his 
perspective) 

l  How fast does the innocent 
bystander see the ball travelling?  

From Galilean perspective: 0.80 c +0.70 c =1.5 c	


Using Lorentz transformation of velocities:	


[u+v]/[1+uv/c2] = [0.8c+0.7c]/[1+(.8c)(.7c)/c2]	


 =0.96 c	
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Relativistic momentum 
l  Total momentum is conserved 

in any interaction 
l  (Galilean) formula for 

momentum (p=mu) doesn’t 
work for high velocities 

l  Write formula for momentum 
using Δτ in rest frame of 
particle 

l  So we can write a relativistic 
expression for momentum 

p = mu = m
Δx
Δτ

Δτ = 1− u
2

c2
Δt

p = mu = m
Δx
Δτ

= m
Δx

1− u
2

c2
Δt

=
mu

1− u
2

c2

note that we use u for the velocity of a 	


particle since v is already taken	



time in 	


frame S	



time in rest	


frame of particle	



Law of conservation of momentum still	


holds at relativistic velocities if formula	


on left is used	
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Speed limit 
l Because the 

momentum increases 
to infinity as v->c, no 
material object can 
travel at the speed of 
light without the input 
of an infinite amount 
of energy 

γ p =
1

1− u
2

c2

p = mu

1− u
2

c2

= γ pmu

define	
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Relativistic energy 
l  Need a relativistic form for the 

energy as well 
l  Start with the spacetime interval 

that we discussed before 

l  Multiply by (m/Δτ)2 

l  Relate Δt, time interval in S, to 
proper time Δτ, and then multiply 
expression by c2 

s2 = c2 (Δt)2 − (Δx)2 = invariant

mc2
Δt
Δτ

#
$%

&
'(

2

−
mΔx
Δτ

#
$%

&
'(

2

= mc2
Δt
Δτ

#
$%

&
'(

2

− p2 = invariant

γ p =
1

1− u
2

c2

Δt = γ pΔτ

(γ pmc
2 )2 − (pc)2 = invariant

In rest frame	


(γ pmc

2 )2 − (pc)2 = (mc2 )2

What is γpmc2?	
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energy 

l  E=γpmc2=Eo+K 
=rest energy + kinetic 

energy 
l  K=(γp-1)mc2 
l  Kinetic energy goes to 

1/2mu2 when u<<c 
l  Eo=mc2 (rest energy) 
l  E2-(pc)2=Eo

2 

γ pmc
2 =

mc2

1− u
2

c2

≈ 1+ 1
2
u2

c2
$

%&
'

()
mc2 = mc2 + 1

2
mu2

Convenient to quote particle energies in eV	


1 eV = 1.6 X 10-19 J	


me=9.11X10-31 kg	


mec2=(9.11X10-31 kg)(3.0X108 m/s)2 = 8.2X10-19 J	


         =(8.2X10-14 J)/(1.6X10-19 J/eV)=0.511 MeV 	




