AP Physics – Little AP Test Review Helper – Modern Physics
There are two parts to modern physics for AP Physics B – nuclear physics and quantum mechanics.

Nuclear Physics

Nucleons:

Proton
Positive charge
+e = 1.6 x 10-19 C
mp
=  1.67  x 10-27 kg


Neutrons
Neutral charge
  q = 0
mn
=  1.67  x 10-27 kg
Atomic Number

Z
(  number of protons
Atomic Mass Number
A
(  number of Nucleons

Neutron Number

N = A - Z
(  number of  Neutrons

Isotopes:
Same number of Protons, different number of Neutrons
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Mass equivalent to energy: 
 Einstein – special relativity



[image: image4.wmf](

)

22

EmcorjustEmc

D=D=


Atomic Mass Unit  (u)

C-12
=  12.00000 u
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Binding Energy:  Total mass of a stable nucleus is less than the component protons and neutrons
He:
4.002602 u
Added separately:
   4.032980 u
When He is formed some mass turns into energy:
    (E  =  (m c2,
Mass Defect  =  (m  =  28.30 MeV
Total Binding Energy:
Mass difference, amount of energy required in order to break the nucleus apart.

Average Binding Energy per Nucleon:  
Divide Total binding energy by the number of nucleons

Highest for Iron:  Requires the most energy to split this nucleus, most stable

Hydrogen:

Used in fusion, Energy drops from  Fe  to  H.
Binding energy released: Powers



 stars

Uranium:

Used in fission, Energy drops from  Fe  to  U.
Binding energy released:  




Nuclear power & bombs.

Strong Nuclear Force:
Force holding nucleons together.

Radioactivity:
Disintegration / decay of unstable nucleus.  Certain isotopes are unstable and emit rays (radiation).  Forces in nucleus:

· Electricmagnetic Force - results from the repulsion between protons.  Neutrons not involved.

· Strong Nuclear Force – very short range apx 1 nucleon diameter.  Binds nucleons together.  Neutrons are required to keep nucleus stable.  

· Some neutron proton combinations are unstable and the nucleus breaks apart –  radioactive decay.

· The larger the nucleus the greater the electric force.  The distances become too large for the strong force to hold the nucleons together.  Beyond atomic number 82 all elements are  radioactive.

· Parent nucleus becomes into Daughter nucleus.
Alpha 
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 Decay:
alpha Particle ,
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, (a He nucleus) ejected from nucleus.  
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alpha particles can be stopped by sheet of paper.  Not very penetrating.

Beta 
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Decay:
  beta particle, 
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, (an electron) ejected from nucleus.  A neutron loses an electron and becomes a proton.  Think of a neutron as a proton and an electron all fused together.  The atomic number increases by one and there is no change to the mass number.




[image: image13.wmf]90

234

91

234

1

0

Th

Pa

e

®

+

-


Beta particles can be stopped by several sheets of paper or thin metal foil.  Not very penetrating.

Gamma Rays:
Very high energy photons.  Released in some nuclear reactions.  Very penetrating.

Nuclear Reactions:
Nucleus is struck by a particle.  Causes transmutation

Fission  (  
Nucleus splits and form two daughter nuclei.  U-235 and Pu-239.  

Energy mostly released in form of kinetic energy of particles produced (two daughter nuclei and neutrons).

Chain Reaction:
2 to 3 neutrons produced in one fission collide with other 235U causing 




them to fission.



Self Sustaining Chain Reaction:
Nuclear Reactor

Enriched Uranium:
U-238 salted with U-235.  Used in reactors.

Critical Mass:

Mass of fissile fuel large enough so that neutron leakage is small enough 




to allow system to be critical.

Subcritical:
Neutrons from one fissioning nucleus causes less than one fission with other nuclei.

Critical:
Each fissioning nucleus causes one other nucleus to fission.

Supercritical:
Fissioning nucleus causes more than one additional nucleus to fission.

Fusion:
Building a large nucleus from two smaller nulcei

Mass of new nucleus is less than sum of mass of its component parts.

Elements up to Fe manufactured by fusion in stars.

Elements beyond Fe manufactured during supernovas.

Quantum Mechanics:

Energy of photon:
The energy carried by an electromagnetic wave arrives in “quanta” of 



energy 
called a photon.  This energy is given by:  
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  This equation on test is in form:    
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Plank’s constant:
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Energy and wavelength:
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You should be prepared to calculate energy as a function of frequency or wavelength.  Plank’s equation gives energy as a function of frequency, but to find it using wavelength you have to use the equation for the speed of light.  This is shown above.  All the values for h and hc are given on the equation sheet.

The  
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  is the amount of momentum the photon has multiplied by the speed of light.  Even though photons do not have mass, they still have momentum.  The momentum can be found using this eqaution.
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Photoelectric Effect: Light incident on certain metals knocks electrons loose.  

· Provides evidence that light behaves as a particle

· Basis of solar energy.  

Work Function:  Energy to knock electron out of metal.  Symbol is 
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Max kinetic energy of photoelectric electron:
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Electron can have less energy than this, but it cannot have more.

[image: image1.wmf]12

6

C

If energy of photon, 
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 , is less than the work function, no photoelectric effect.

To the right is a typical photoelectric apparatus.  You should be able to draw it and explain how it works.  Positive voltage on plate increases current.  As  voltage decreases current decreases.  Stopping potential is the negative voltage that stops flow of current.

Max kinetic energy is equal to qVS where VS is the stopping potential.
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Threshold or Cutoff frequency ( Lowest frequency that can cause photoelectric effect for metal.

To find threshold or cutoff frequency let maximum kinetic energy equal zero and solve for frequency:
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To find work function, set maximum kinetic energy equal to zero and solve for the work function:
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Emission Spectrum:
It was noted that when gaseous elements were placed in a tube at near vacuum and a potential difference was placed at the ends of the tube (Thompson CRT) different colors were seen.  When shot through a diffraction grating the colors showed up as discrete lines with dark areas in between.  Formulas were worked out for Hydrogen, the simplest element and the placement of the lines fit a mathematical pattern.

Bohr:
Bohr’s atom model had energy levels.  Atoms only emitted certain frequencies of light -- electrons could only occupy certain discrete energy levels.  Eelectrons could never be in between these energy levels.  When photons strike atom, the electrons (normally in the ground state) of the atom absorb the energy.  These electrons (excited) now have higher energy and thus move to higher energy levels within the atom.  When the electrons returned to the ground state photons are emitted.  Photon represents energy electrons give up.  Electrons may drop to a variety of levels on the way back to the ground state.  This explains the many colored lines in the emission spectrum and the calculations matched those of the emission spectrum.  

De Broglie:
Light can act as both a particle (photon) and a wave.  He calculated the wavelengths of electrons 
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and found that theoretically an electron in the lowest energy level has one electron wavelength in a standing matter wave.  An electron in the second energy level completes two wavelengths, etc.  This resulted in the Wave Mechanical Model of the Atom.  So the electrons were not jumping from energy levels as Bohr had surmised, rather they were changing wavelength when bombarded by photons.

Heisenberg:
Postulated that you can never know both the location and the momentum of an electron simultaneously.  His Uncertainty Principle states that you cannot find an electron or predict what it will do, since if you shoot photons at electrons to see what their doing the photons interact with the electrons changing their location and / or their speed.

Schrodinger:
Performed the calculations to narrow down the possible locations that electrons may be found in an atom.  These statistical shells that electrons occupy are the basis of the current Electron Shell Model of the Atom.

Einstein:
Found the mass energy equivalence 
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.  Even though a photon is really mass-less energy it does have a mass equivalence.  So if its energy can be converted to a mass value, then the photon can be given a mathematical momentum.  So Planck’s equation is updated.  
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Energy Level Calculations:
Bohr’s model has been updated, but the energy levels still hold mathematically.

If a photon of the right frequency and energy were to strike the lone electron in hydrogen while it is in the ground state, the electron would then acquire all of the photons energy.  The photon is absorbed by the atom.  The energy of the photon determines how much energy the electron receives and thus determines the energy level that the electron is boosted to.  Perhaps the electron would receive enough energy to be excited to the 3rd energy level as shown in process A.  This excited electron would be unstable and would eventually return to the ground state, but not necessarily in one leap.  It could conceivably drop all the way back releasing a photon of the same frequency and energy as the one that struck the electron boosting it out of the ground state.  Or it might drop to the 2nd energy level first (B), and then finally drop back to the 1st energy level (C).  This two-step return will result in two photons that have different frequencies, and these photons are also different from the photon that hit the electron initially. Photons are emitted from the atom.  Here are some of the energy levels of a hydrogen atom.  The atom is small, so energy is measured in electron volts.

Drawing a circular atom is tedious.  The following covers the same scenario as detailed above, but includes the mathematical steps and an additional step D.  Remember this is only one scenario, there are many energy levels.

A:
Absorption of a photon.  The hydrogen atom is bombarded with light of frequency, 4.14x10-15 Hz.  
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As a result an electron in the ground state, -13.6 eV is boosted to the second energy level, -1.5 eV.  In this case it drops to the first energy level and then drops back to the ground state.  Lot’s of possibilities exist.

B:
Emission of a photon.  The electron falls to the first energy level, a drop of 1.9 eV.  This corresponds to a frequency of, 
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A photon of light is emitted from the atom with this frequency.  This generates a distinct band of light on the emission spectrum.

C:
Emission of a photon.  Next the electron falls back to the ground state, a drop of 10.2 eV.  This corresponds to a frequency of, 
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A photon of light is emitted and this generates a distinct band of light on the emission spectrum.

D:
Ionization.  If a photon strikes a hydrogen atom electron in the ground state with more than 13.6 eV the electron receives enough energy to leave the atom entirely.  The hydrogen atom lacking its electron becomes an ion.  Therefore, this energy is referred to as the ionization energy.  (Also called the work function.  See below.)
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