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SUMMARY
B.1 

Quantum Physics (10h) 


  
The quantum nature of radiation


  
The quantum nature of radiation



When electromagnetic radiation is shone onto a negatively charged metal surface, the radiation 


knocks weakly held electrons from the metal surface if the metal has a high enough reactivity 


and the frequency of the radiation is high enough. This is called the photoelectric effect.



The threshold frequency o is the lowest frequency photon that will eject an electron from a 


metal.



Einstein suggested each electron was ejected by absorbing one photon. If every photon arriving 


at the surface of a metal had a frequency below the threshold frequency, no electrons would be 


ejected regardless of the number of photons arriving each second.



The work function is the energy needed to raise the electron to the surface. 



The maximum KE of ejection of an electron equals Planck’s constant times the frequency of the 

ejecting photon minus the metal’s work function. 



The energy of a photon equals Planck’s constant times the frequency of the photon.



The wave nature of matter



The de Broglie wavelength of a particle equals Planck’s constant divided by its momentum.



The momentum of a particle equals the square root of twice its mass times its kinetic energy.



The kinetic energy of a particle equals the square of its momentum divided by twice its mass.


  
Atomic spectra and atomic energy states



The presence of spectral lines in the radiation emitted by atoms is evidence for the existence is 


discrete energy levels for the orbiting electrons.



Bohr’s model of an electron orbiting in specific energy levels correctly predicted the 



wavelengths of the spectral lines emitted by hydrogen atoms.



His model is limited to the hydrogen atom and does not apply to other atoms that have more 


than one electron which interact with each other while orbiting the nucleus. 



On close inspection, spectral lines can consist of several lines of slightly different wavelength, 


indicating there are slight variations within each allowed energy level. Bohr's model could not 


account for this.



Erwin Shrödinger's model for the hydrogen atom replaced the moving electron with a wave. He 


developed a wave equation to describe the motion of the electron. The condition that the waves 


had to fit the space around the nucleus with the start and the finish of the wave joining up to 


produce a continuous wave gave rise to solutions to the wave having energy levels in agreement 

with those of the Bohr model. 



Each solution to Shrödinger’s equation corresponds to a wave moving around the nucleus of the 

atom in a path called an orbital.



Shrödinger's equation also produced solutions with radial and spherical symmetry for the same 


energy level and this accounted for spectral lines being made of several lines with very small 


differences in their wavelength. 



Shrödinger's equation produced solution's for multi electron atoms, something the Bohr model 


failed to produce. 



When an electron drops from a higher energy orbital to a lower energy orbital, one photon is 


released. The frequency of the photon is given by the equation Eupper minus Elower equals 



Planck’s constant times its frequency.



One form of Heisenberg’s Uncertainty Principle says it is not possible to know both the position 

and momentum of an object to a high degree of accuracy. Increasing the accuracy of the 



measurement of one, results in a decrease in the accuracy in the value of the other.  


The uncertainty in position x and the uncertainty in momentum p are related by xp ~ h/4









2.



Collisions between photons and the tiny object mentioned above changes its energy producing 


an uncertainty of E. It is related to the uncertainty in the time t when the object has the 



measured energy by tE ~ h/4
B.2

Nuclear physics (5h)



The nucleus



The nucleus of a gold atom has a radius smaller than 1.2 x 10-14 m. This can be calculated by 


assuming at closest approach, an  particle in Rutherford’s gold foil experiment will have all of 


its KE transferred to electrical potential energy stored between the  particle and a gold nucleus. 



The force applied to a particle with charge q moving with velocity v at right angles to a 



magnetic field B equals the field times the velocity times the charge.



A mass spectrometer is a machine that accelerates ions to high speed. It selects the ions moving 


at the same velocity and allows them to pass into a magnetic field with deflects them into a 


semi-circle. 



The mass of the ions varies because their nuclei contain a different number of neutrons. This 


results in a slightly different radius of curvature. 



The radius of curvature can be determined from the position on the photographic plate that the 


ions arrive. From the radius of curvature, the mass of the ion and hence the mass of the nucleus 


can be determined.

 
   
Radioactive decay



The alpha particles that are emitted from a radioactive isotope do not have a range of energies 


but specific values. Similarly, gamma rays are emitted with set values for their energies. 



Both these radiations are emitted when a nucleus lowers its energy level. 



The specific energy of the emitted radiation supplies evidence that the nucleus has discrete 


energy levels like orbiting electrons.



 decay occurs in naturally unstable nuclei that have too many neutrons. A neutron changes into 

a proton and an electron with the electron booted out as the  - particle.



Another  decay occurs in unstable nuclei that were made unstable artificially. These nuclei 


have an excess number of protons. One of the protons changes into a neutron and ejected from 


the nucleus is a  + particle - a positron, which is the antiparticle of an electron.



Neutrinos are chargeless nearly massless subatomic particles.



In  - decay, an anti neutrino is also produced when a neutron changes into a proton and an 


electron.



In  + decay, a neutrino is also produced when a proton changes into a neutron and a positron.



The rate of radioactive decay of a source depends on the number of unstable nuclei in the 



sample. The greater the number, the greater the rate of decay. 



The more unstable the nuclei, the greater the rate of decay. The bigger the decay constant, the 


greater the rate of decay.



The rate of decay dN/dt equals the decay constant times the number of radioactive nuclei.



The half-life of an isotope is the time it takes half the nuclei to decay.



Half-life equals 0.693 divided by the decay constant.



Short half-lives can be determined by measuring the time it takes for the count rate to halve its 


initial value.



Long half-lives can be found by measuring the mass of the isotope at the start and then after 


decay has occurred for a while. The decay constant can be determined and then the half life 


calculated.
