Quantum Physics – Part II

Concept: Quantum Theory
 

· Birth of ______________ - 1897: discovery of electron and radioactivity 

· Max ______________ - (Nobel Prize) 1900: bodies emit energy bundles called quanta (plural of quantum) 

· Quantum ______________: how things move in the microworld 

· Quantum ______________: laws of the microworld 

· Planck's Constant (h = 6.6 x 10-34 Joule seconds): says that there is a smallest amount of energy (E) that light (of frequency f) can have - it is ______________ 
- this means that the universe is granular in some respect 


Quantum Experiment #1: 
Photoelectric Effect

 

· Light Ejects ______________ ('Photoelectric Effect'): Einstein (Nobel Prize 1905) 

· But they start ejecting immediately - even in weak light! 

· They eject better with violet and ultraviolet than with red and infrared. 

· More light ejected more electrons - but not higher energy electrons. 
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Quantum Experiment #2: 
Millikan Oil Drop

 

· Electric Charge is a Quantum of One ______________: Millikan (Nobel Prize 1926) 

· He sprayed tiny, charged oil drops. 

· He could keep them from falling with an electrical plate. 

· All charges needed were multiples of 1.6 x 10-19 C, 
the charge of one electron!
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Quantum Experiment #3: 
Young's Double Slit

 

· Even single ______________ make ______________ patterns like waves: Thomas Young (1801) 

· He sent beams of light through two slits: interference pattern. 

· He sent single photon through one of two slits: interference pattern. 

· He sent single photon through one slit: no interference pattern. 

· The big question is … "How does the single photon going through
one of the two slits 'know' to go into an interference pattern?"
The best answer so far is … "The wave nature of light is in every single photon!" 
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Quantum Experiment #4: 
de Broglie's Wavelength

 

· Everything has a ______________: Louis de Broglie (1924) 

· Light has a wavelength; but so do electrons, people and planets! 

· The smaller the momentum, the larger the ______________. 
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Quantum Experiment #5: 
Heisenberg's Uncertainty Principle

 

· You ______________ know both momentum and position of something with certainty: Werner Heisenberg (1927) 

· 2 ways to explain Heisenberg 

i. To know things you must ask; and this involves ______________ the very thing you wish to know.
("Let's find out if she is sleeping; I'll tap her on the shoulder.") 

ii. Since the wavelength and frequency of a wave are inversely proportional; if one gets smaller the other gets larger. 
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("Let's 'see' that electron with a tiny wavelength that is not so broad. Whoops, it had so much energy from its high frequency, that it really changed the electron's energy. I know, I'll shine a low energy (low frequency) light on it. Whoops, the light bounced back with such a broad wavelength that it is only letting me know the general position of the electron."
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Concept: Complementarity
 

· Niels ______________ (Nobel Prize 1922 for model of atom with Rutherford): 
· Light and in fact all matter act like waves in certain ways and like particles in other ways. 

· This is a dualism. 

· Bohr said there is a wholeness in the understanding of light - somehow it is both. 

· It depends on your experiment. 

· If your experiment looks for individual energies and momenta, you see particles.
If your experiment looks for spatial distribution of energy, you see waves. 

· He called this dualism, Complementarity - not a compromise - not somewhere between particles and waves - Light, Energy, and Matter are wholes that include both particle and wave natures. 

· When Bohr was knighted (1947) for his physics, he chose the yin-yang symbol for his coat of arms. 

Concept: Schrodinger's Wave Equation
 

· Erwin Schrodinger (Nobel Prize 1933): 
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Schrodinger's ______________ … in his own words …
“One can even set up quite ridiculous cases. A cat is penned up in a steel chamber, along with the following device (which must be secured against direct interference by the cat): in a Geiger counter there is a tiny bit of radioactive substance, so small, that perhaps in the course of the hour one of the atoms decays, but also, with equal probability, perhaps none; if it happens, the counter tube discharges and through a relay releases a hammer which shatters a small flask of hydrocyanic acid. If one has left this entire system to itself for an hour, one would say that the cat still lives if meanwhile no atom has decayed. The psi-function of the entire system would express this by having in it the living and dead cat (pardon the expression) mixed or smeared out in equal parts.”

Schrödinger's Cat: A cat, along with a flask containing a poison, is placed in a sealed box shielded against environmentally induced quantum decoherence. The flask is shattered, releasing the poison, if a Geiger counter detects radiation. Quantum mechanics seems to suggest that after a while the cat is simultaneously alive and dead, in a quantum superposition of coexisting alive and dead states. Yet when we look in the box we expect to see the cat either alive or dead, not in a mixture of alive and dead.

· Schrodinger's Wave Equation is to Quantum Physics what Newton's Second Law of Motion (f = ma) is to Classical Physics. 

· Basically, it says that matter is made of waves that cannot be said to be 100% sure to be in any one place. Their location is a probability. For example, Schrodinger's Wave Equation would tell you that the electron of the Hydrogen atom would be in a certain position with a 40% probability. It would never say that there is no chance (0%) or definite certainty (100%) of that electron being anywhere. 

· The equation is quite complex - but for fun - here it is.
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