AP Physics – Quantum Mechanics Part 2
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x-ray Production:  

Bombard metal surface with high energy electrons

Electron removes inner-shell electron

Outer-shell electron drop downs to fill vacant energy  shell

Must lose large amount of energy

excess of 105 eV

Wavelength -- 0.001  and 0.1 nm

x-ray region 

Wilhelm Roentgen (1845-1923) discovered x-rays

Compton effect  --  1923.  
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Aim x-ray beam at graphite

scattered photons -  longer wavelength than incident photons

Change in wavelength --  Compton shift 

· In collision photon acts like particle

· Energy and momentum conserved

· Electron gets some of photon’s energy and momentum

· Photon loses energy

· Wavelength must increase 

· Serves as valid proof of photon theory

Wave Properties of Particles:  

1923 

Victor De Broglie

All matter behaves as both a particle and a wave.
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So
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Also
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This equation is provided on the AP Physics Test equation sheet.
Wavelength of Particle:  

The momentum of a particle is:
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We now plug this value into the equation for the momentum of a photon and see what happens:
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· Find the wavelength of a 1.2 kg rock thrown at a speed of 22 m/s.
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· Calculate de Broglie wavelength for an electron moving at 1.50 x 106 m/s.
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Wavelength of ordinary matter -- incredibly small

Don’t notice

Davisson-Germer Experiment

1927

beam of electrons incident on nickel crystal in vacuum.  

regularly arranged nickel atoms in crystal lattice scattered the electrons

produce diffraction pattern with minima and maxima

We Forge Into Quantum Theory

When an electron was accelerated, it would give off light and slow down
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 "Fraunhofer lines"   -    absorption spectrum

Emission spectrum

ground state
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quantum leap




Fluorescent bulbs 

Incandescent bulbs

Electron Position

Why Energy Levels:

Standing waves

Schrodinger wave equation
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There are three allowed energy states above the ground 
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Here’s an example:

electron gets 
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Could release a photon with 
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Or

4.5 eV         

Also could get:
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 See how it works?

Don’t identify photons by the energy in eV.  

Usually wavelength

· Find wavelength of photon that has 4.0 eV.
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Photons emitted

Quantum leap of 0.5 eV.  Find its wavelength.
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· A monotamic gas is illuminated with light of wavelength 400.0 nm.  It absorbs some of the light and gives off visible light at both 400.0 nm and 600.0 nm.  (a)  draw an energy level diagram,  (b)  If the ground state of the atom has energy – 5.00 eV, what is the energy of the state to which the atoms were excited by the 400.0 nm light?  (c)  At which wavelengths outside the visible range do these atoms emit radiation after they are excited by the 400.0 nm light?
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So the third energy level that the electron jumped to is 3.10 eV from the ground state or:
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So the third excited energy level would be at   –1.90 eV on the scale.

(c) 
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This is the energy of the 600 nm photon.  To find its corresponding energy level we merely subtract it from the one we already figured out.
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A photon can be released by an electron dropping down from this energy level to the ground state.  Let’s find the wavelength for this photon.
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· The ground state energy of an atom is  – 10.0 eV.  When the atoms in their ground state are illuminated with light, only wavelengths of 207 nm and 146 nm are absorbed by the atoms.  (a) Calculate the energies of the photons of light of the two absorption-spectrum wavelengths  (b)  draw a energy level diagram (c) Show by arrows on the energy level diagram all the possible transitions that would produce emission spectrum lines (d) What would be the wavelength of the emission line corresponding to the transition from the second excited state to the first excited state? (e) would this emission line be visible?

(a)         
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(b) 
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 EMBED Equation.DSMT4  
[image: image28.wmf]10.05.994.01

eVeVeV

-=



(d)

[image: image29.wmf]8.495.992.50

eVeVeV

-=



[image: image30.wmf]3

1.2410

2.50

hchcxeVnm

E

EeV

l

l

×

===





[image: image31.wmf]3

0.49610496

xnmnm

l

==


(e)  visible,   visible light is 400 nm – 700 nm and this value falls within that range.
Heisenberg Uncertainty principle  (  It is impossible to know simultaneously the exact position of an object, such as an electron, and its momentum.
Planck's constant -- measure of the “graininess” of universe

Schrodinger's Cat

1926 
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