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References


See problem 8.1 and 10.31.


Goals


To modify the program used in Project #1 to work for the radial equation of a 3D potential.


Theory


We wish to solve the Schröedinger Equation for a pair of particles in a spherically-symetric time-independent potential. The form of the solution in three-dimensions can be written 


�EMBED Equation.3��� [1]


where


n=1,2,....


l=0,1,...n-1,


-l<=m<=l.


The radial part of the wavefunction is  Rnl(r) , where “r” is the relative radial coordinate. It depends on two quantum numbers, n and l, which specify the energy level of the electron  En , and the total angular momentum  �EMBED Equation.3����EMBED Equation.3���. The angular part of the wavefunction in a spherical potential is given by the “spherical harmonics” Ylm(q,f) , which can be found tabulated in a quantum mechanics textbook. 


To find the radial function  Rnl(r) , we first make the substitution 


�EMBED Equation.3���, where


�EMBED Equation.3��� and


�EMBED Equation.3���      [2].


The last two assignments define the boundary conditions for the solution, in terms of the value of the wavefunction and its first derivative at  r=0 . 


In terms of the new function  unl(r) , Schröedinger’s equation becomes


�EMBED Equation.3���,   [3]


 [LABEL: SE]which we can write in more compact form as 


�EMBED Equation.3���     [4].


We will use units in which length is given in Å, and energy in electron volts (eV). For example, if we are solving the hydrogen atom problem, then the constants can be combined as 


�EMBED Equation.3���.


The potential for an electron in the field of a single proton (hydrogen atom) is given by 


�EMBED Equation.3���,


where  r  is in units of Ångströms. 





You can solve the SE using a spreadsheet or program, by turning the second-order differential equation (4[REF: SE]) into two first order equations solved by the Euler method, as follows:


�EMBED Equation.3���    [5]


The starting values of the function and derivative are given by eq. [2] [REF: boundary]above.


 


Tasks


There are three separate numerical tasks, all of which rely on a program to calculate the radial wavefunction numerically. 





Test your program for the case of the hydrogen atom.


Calculate the wave-function and eigenvalue for the n=1, l=0 state. 


Repeat for (n=2, l=0) and (n=1, l=1) states.


Plot the wavefunctions and tabulate the energies; compare to exact results.


Solve the problem of the deuteron binding energy. Use problems 8.1, 10.31, and class notes as reference.


Calculate the ground state wavefunction and energy.


Plot the wavefunction and tabulate the energy. 


Model for a nuclear potential. Using your results from task 2, make a potential that is reasonable as a model for a nucleus, but is deep enough to support more than just the ground state.


Calculate the ground-state, which will have l=0 if your potential is spherically symmetric.


Calculate the first excited state, indicating which are the allowed angular momenta.


Plot wavefunctions, potential, and tabulate the eigenenergies.


Comment on any similarities/differences between the hydrogren atom and nuclear well potential solutions.




















