
X-Ray Diffraction
X-Rays were discovered by Wilhelm Rontgen in 1895.  There were indication 
that x-rays are EM waves with a very short wavelength, l ~ 10-10 m.

Max Von Laue in 1912 proposed that scattered x-rays from the crystalline solid 
might produce a diffraction pattern when they interfere with each others. The 
successful experiment verify that: 1. x-rays are waves

2. crystalline solids are arranged in regular 
repeating patterns



X-Ray Diffraction

2D 
simplification

Conds for constructive 
interference:

• qa = qr
• 2 sin , 1,2,d m mq l  

(Bragg cond.)



X-Ray Diffraction

X-Ray Diffraction has been very useful 
in exploring the crystalline structure of 
solids and structures of organic 
molecules

Rosalind Franklin was the first to use x-ray 
diffraction to image a DNA molecule in 
1953.  The dark “crossed” bands was the 
first evident of the helical structure of the 
DNA molecule.
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Albert Einstein and the Special Theory 
of Relativity
The Special Theory of Relativity was published by Albert Einstein in 1905 
when he was still working in a Swiss patent office.

It stands as one of the greatest intellectual achievement of the 20th century.
(In the same year, two groundbreaking works on the theory of Brownian motion 
and the Photoelectric Effect were also published.)

Special Relativity led to a fundamental 
rethinking of the concepts of space and time:

• The measurement of a time interval
• The measurement of space/length
• The concept of simultaneity/Causality



Summary of Changes
Before Special Relativity: “space and time” are thought to be as “absolute” 
properties of the “background” or “stage” where objects act upon.

 Different observers from different “inertial reference frames” will agree 
on all the measurements on the previous slide. 

After Special Relativity: These “space and time” measurements are relative 
to the observer’s frame of reference.  A stationary observer with respect to a 
moving observer will see:

• a moving clock runs slower
• a moving meter-stick gets shorter
• two events being simultaneous for one inertial observer will not necessary 

be simultaneous for the other.



Reality Check
One should note that these relativistic effects are only dramatic for objects 
moving at large relative speeds near c! 

For everyday objects moving with ordinary slower relative speeds, these 
effects are small.

In fact, one can show that Einstein’s theory reduces to Newtonian mechanics 
in the limit u << c! 

However, relativistic effects are important! There are numerous experiments 
as well as practical applications that have demonstrated Einstein’s predictions: 

• Muon’s life-time
• Atomic clocks on flight
• Trajectories of subatomic 

particles in accelerators
• Nuclear reactors

• Symmetry between magnetic 
& electric forces

• GPS system
• Google Map, etc.
• ….



Events
Since relativity deals with the fundamental concepts of space and time, 
we need to have a concrete basis for our analysis of these quantities:

Event: An occurrence in the physical universe characterized by its position 
and time.  We label each event by its space-time coordinates (x,y,z,t)

Example: a car crash (the event) occurs at a 
particular location and time.

(x,y,z)

t
an event

Space-time



Observers

u


S

S’

We will focus on the description of events in the physical 
world according to two different observers S and S’

S is stationary on the ground

S’ is on a moving boxcar moving at constant velocity u to the left



Relative Motion

Nothing in the universe are absolutely at rest…

All objects are in relative motion wrt to each other !

But, does it really make sense to be labeled as “stationary” ?



Relative Motion

S
u


S’

So, only Relative Motion between observers is relevant!

Basic Idea in Relativity: S and S’ in relative motion with constant velocity are 
equivalent, i.e., their respective descriptions of nature are equally valid!



Relative Motion with Constant Velocity is 
Symmetric

u


S

S’

u


S

S’

Basic Idea in Relativity: S and S’ in relative motion with constant velocity are 
equivalent!

S would say that S’
moves to the right with 
respect to him/her at a 
constant speed u.

S’ would equivalently 
say that S moves to the 
left with respect to 
him/her with the same
constant speed u.



Inertial Reference Frames

Inertial Reference Frames:

A coordinate system (x,y,z,t) for labeling events attached to an observer 
who is not accelerating and there is no net force acting on it.

e.g., A space ship far away from any stars in deep space in relative 
motion with constant velocity wrt the universe.

“Effective” Inertial Reference Frames:

g


u


S

S’
Both S and S’ are not truly 
inertial ref. frames because 
gravity acts on them! 

But since     acts on them equally 
and is              (their relative 
velocity), we can treat them as 
effective inert. ref. frames.

g


to u




Inertial Reference Frames

Inertial Reference Frames:

A coordinate system (x,y,z,t) for labeling events attached to an observer 
who is not accelerating and there is no net force acting on it.

u


S

S’

Both S and S’ are in 
an effective inertial 
ref. frame.



What does it mean by “Equivalent”?
Galilean “Relativity” (before Einstein)

Principle of Galilean Relativity:  The Laws of Mechanics must be the same in 
all inertial reference frames, i.e., Newton’s Laws of Motion apply equally to 
all inertial observers in relative motion with constant velocity.

u


S

S’

Example: observer in S’ throw a ball straight up.



Galilean “Relativity” (before Einstein)

S’

In S’ inertial ref. frame:

In S inertial ref. frame:

u


S
u


Although the observed trajectories 
in S & S’ are not the same, the same 
Newton’s Equation
describes the observations in both 
situations!

mF a
 



Galilean Coordinate Transformation

When we say that the same physical laws applies to both S and S’…

SAME mathematical equation (e.g. F=ma)  applies to 
both S and S’ 

Physical quantities (and the system’s trajectory) in S
and S’ might be different but they are related by a 
coordinate transformation !



Galilean Coordinate Transformation

u is the relative speed between S & S’

(an event)

How one translates physical quantities from one inertial 
reference frame to another?



Galilean Coordinate Transformation
At a later time t, (x,y,z,t) & (x’,y’,z’,t’) for event P are related by:

'

'

'

'

x x ut

y y

z z

t t

 
 
 
 

Galilean space-time 
transformation equations

Notice that in this “classical” viewpoint,

't t

so that clocks runs at the same rates in all inertial reference frames !

One can show that Newton’s 2nd law is invariant 
under this coordinate transformation !

Galilean 
Relativity



Galilean Velocity Transformation
Let say there is a particle at point P moving in the x-direction with its 
instantaneous velocity vx as measured by an observer in S-frame.  

How is the velocity vx’ measured by an observer in S’-frame related to vx?

In S-frame, the particle moves a distance of dx in a time dt, so that

x

dx
v

dt


From the Galilean Coordinate Transformation, we have in differential form,

'dx dx udt 



Galilean Velocity Transformation
'dx dx

u
dt dt

 Dividing dt on both sides of the equation gives, 

'x xv v u  Galilean Velocity Transformation

relative velocity 
between framesvelocity of 

particle as 
measured by S’

velocity of 
particle as 
measured by S

'

'

'dx dx dx
u u

dt dt dt
   Since dt’=dt, we have, 



The Constancy of the Speed of Light

Similar to a boat (light) traveling in a flowing river (ether), the speed of light 
was originally speculated to depends on its relative motion with respect to the 
medium (ether).

Presumed ether wind direction

u

c-u

c+u

u is the relative speed between 
the frames (water & shore)

Now, recall the Michelson-Morley experiment:

Result: There is no ether! The speed of light c does not follow the Galilean 
Velocity Transformation and c is the same for all inertial observers in relative 
motion.



The Constancy of the Speed of Light
Additionally, from Maxwell’s Equations in electromagnetic theory: EM waves 
can be shown to travel according to the plane wave equation,

2 2

2 2 2
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x c t

 


 

at the same speed c irrespective of the observer’s inertial ref. frame.

If we believe Maxwell’s Equations to be correct in all inertial reference frames, 
then we must accept that EM waves travel at the same speed c in all inertial 
reference frames.

(Recall Sec. 32.2)



Einstein’s Postulates for Special 
Relativity
1. All laws of physics must be the same in all inertial reference frames.

• Specific observations might be different but the same phenomena must 
be described by the same physical law.

• Not just the laws of mechanics (as in the Galilean viewpoint).  All laws 
of physics include mechanics, EM, thermodynamics, QM, etc.

SAME emf is 
induced in the coil !

magnet moves down coil moves up



Einstein’s Postulates
2. The speed of light c in vacuum is the same in all inertial reference frames 

and is independent of the observer or the source.

This is a revolutionary statement!

One of the immediate non-intuitive consequence  'c c u 

Together with #1, SR requires us to rethink how time and space are measured!



Stating the Results First

u


S

S’

flash  a’ flash b’

Time Dilation: (moving clock runs slow)

2 2
0 , 1 1t t u c     

Measured 
by S

Measured 
by S’

Length Contraction: (moving ruler get shorter)
0L L 

Simultaneity:

Two flashes 
simultaneous in S’ but 
not in S.


