Trigonimetric Trial Wave Function for the Hydrogen Atom
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a. Demonstrate the wave function is normalized.
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b. Evaluate the variational integral.
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¢. Minimize the energy with respect to the variational parameter £3.
Bi=1 B := Minimize(E,B) B =1.141 E(p) = —0.481
d. The exact ground state energy for the hydrogen atom is -.5 E,,. -5- E(B) 100 < 3.84
Calculate the percent error. '

e. Compare optimized trial wave function with the exact solution S(r) = i-exp(—r)
by plotting the radial distribution functions.
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f. Calculate the kinetic and potential energy contributions for the trial wave function. Is the virial theorem
satisfied?
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Yes, the virial theorem is satisfied: T = -E = -V/2.

g. Given that the virial theorem is (of course) satisfied for the exact solution, explain the difficiency of the
trigonometric trial wave function.

For the exact solution T = 0.500 and V =-1.00. Thus, while the kinetic energy is lower by 0.019 for the trial
wave function, its potential energy is higher by twice that amount. As can be seen in the graph above, an
electron in the trial wave function spends less time close to the nucleus.



