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Problem 6: The hydrogen atom (10 points) 7

The figure below shows the radial function R, ({r) for a stationary state of atomic hydrogen.
The normalized Hamiltonian eigenfunction for this state, in atomic units, is
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Figurc 1: A radial function for a stationary state of atomic hydrogen.

(#$ 1. 3 points. What are the values of the quantum numbers n, £, and m, for this state?
7 To receive any credit, you must fully justify your answer.

{,/W( 2. 1 points. What is the energy (in €V) of this state?

[¢75 3. 2 points. What are the mean value and uncertainty in » (in atomic units) for this
state?

},ﬁt{{ 4. 2 points. Calculate the value of r (in atomic units) at which a position measurement
would be most likely to find the electron if the atom is in this state.

{ 5. 2 points. From Eq. 1, generate the normalized eigenfunction Y tane+1 (7).
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Hint: The following table gives the orbital-angular-momentum operators in Cartesian and
spherical coordinates,

Hint:



Component Cartesian coordinates Spherical coordinates
E¢ —1h (y_d% - z(%) 1 (sin cp% + cotfcosy %)
Ey -1k (75% - 3:6%) —1f (C{}S L,o—a%- — cot f@sing %)
Ez 1} (.L'(')% - y%) miﬁ-—a%
i preizen on [ g (el s Lg%}

Table 1: Components and square of the orbital angular momentum operator in Cartesian
and spherical coordinates.
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