CM  →  QM 

 ↓

Relativity.   Both were caused by Einstein (one almost completely, the other only in part)

A brief bio of Einstein:

1879-1955

Struggles learning as a child?  Maybe.  Bored at school, disliked his teachers.

@ 15 yrs old

a. father went bankrupt, left to live in Italy.

b. Applied to U. of Berlin.  Was rejected.

c. Renounced German citizenship.   Einstein a pacifist.
1896 attended Zurich Polyteknic Institute

mediocre student from perspective of professors.  Read at home.

applied to grad school, rejected.

1902 working in a patent office.    (FYI:  I already to this far last time, but why not

                                                                         review what is above?)
1905 four papers   (while not even working as a professor)

a. quantum theory/photoelectric effect

b. Brownian motion

c. special relativity

d. E = mc2

His ideas were accepted somewhat slowly

1916  General theory of relativity.   (confirmed by Eddington in 1919)
          This is what made him the most famous scientist in the world at that time.

1920’s    Quantum electrodynamics  (theory of lasers)

1920’s – death   Worked on unified field theory.  Failed?

1933  Left Germany (Hitler)

Princeton University until his death

1939  Letter to FDR about German nuclear program   →  Manhattan project

1945   oops.  Einstein very depressed.

Summary:   Einstein     Pacifist, Deist, Zionist, Scientist

QM:

Classical Mechanics.  Def:   everything is either a particle or a wave.  No blending of the two.

Waves:     wavelength, frequency, refraction, diffraction, reflection, interference (I already demonstrated diffraction and interference patterns)

Examples:  sound, ocean waves, light.

Particles:    mass, speed, volume, etc. 

Examples:   a planet, a rock, an electron, a jet

Evidence the old paradigm could not explain:

1. Discrete atomic emission spectra.   I actually demo them with emission tubes and the little diffraction gratings we use.    I draw the following graph:

2. Photoelectric effect.     I draw the two graphs below:
Conclusion:     E = hf        light is a particle (E) and a wave (f)     This is what we call wave/particle duality.  Light made of particles.  Einstein coined the word photon.

Example:    Rad/micro/IR/vis/UV/X/gamma     increasing frequency.  Which has photons with sufficient energy to cause cancer?

Next:   Not only that, but DeBroglie  (and others) discovered that the electron acts like a wave!

λ = h/mv     λ:  electron (and all particles) are a wave   m,v  electrons are particles.

This (the fact that the electron has wave/particle duality, but in particular that it acts like a wave)    is the explanation of discrete atomic emission spectra:

I draw the following two figures to explain what making the electron act like a wave does to its properties when on an atom:

Two predicted consequences:

a. electron microscope

b. the double slit experiment we showed with light also works for electrons!!!!   Even if we send only one electron at a time!!!

Summarize:

Classical mechanics:     wave  or   particle

Quantum mechanics:    wave  and   particle.

Next:    CM  →   Relativity

“Definition” of CM:   what is relative to motion and what is absolute


Absolute


relative

            mass



speed of an object


time



speed of light


length/distance

I like to illustrate “speed of object” using two cars at 50 and 60 mph.  If you do not know you are moving, how fast do you say the other car is moving?

Illustration #2.    How fast am I moving?  0?    900 mph (earth spinning)?



Earth moving around the sun?    sun moving in our galaxy?   Is our galaxy moving?      Speed is relative.

Speed of light should also be relative  (explain)

The evidence which CM could not explain:   The Michelson/Morely experiment.

The earth is moving (through the ether?)    Speed of light should depend on whether the light is moving with or perpendicular to the motion of the earth.    A HUGE SURPRISE:
The speed of light is independent of motion of source or observer.
ie speed of light is absolute.

Einstein’s shot in the dark:    accept this and Newton’s Laws of motion, but throw out assumptions about time mass etc…

Derived  (and that is important)

a. time dilation

b. length contraction

c. mass increase

I use the twin paradox, supplying actual numbers.

I then use the mommy/baby paradox, asking them who to put on the space ship in order to drive us crazy.

I draw the following three graphs.
All three of these “predicted consequences”  of Einstein’s shot in the dark were confirmed by experiment eventually (but not right away)

That fourth paper 1905      E = mc2       implies fusion and fision are possible sources of massive amounts of energy.  (led to nuclear power and nuclear/hydrogen bombs)

Summarize:
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Relativity:

Speed of light
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time

1916   General Relativity   (accelerating frame of reference.

Space is curved.

Mass “warps” space.

Had to develop his own non-euclidean geometry to make this work.

1919.  Dramatic confirmation by Eddington.

Predicted consequence:

Black holes????

