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5.E: Translational States (Exercises)

Q5.1

Write the Schrédinger equation for a free particle in three-dimensional space.

Q5.2

Solve the Schrodinger equation to find the wavefunctions for a free particle in three-dimensional space.

Q5.3

Show that these functions are eigenfunctions of the momentum operator in three-dimensional space.

Q5.4

If you have not already done so, use vector notation for the wave vector and position of the particle.

Q5.5

Write the wavefunctions using vector notation for the wave vector and the position.

Q5.6

Write the momentum operator in terms of the del-operator, which is defined as V= :Ir:’a—i +y % +z % where the arrow caps on X,

y, and z designate unit vectors.

Q5.7
Write the Laplacian operator in terms of partial derivatives with respect to x, y, and z. The Laplacian operator is defined as the

A2 ~ ~
scalar product of del with itself, 0 =38-0 .

Q5.8

Write the kinetic energy operator in terms of the Laplacian operator.

David M. Hanson, Erica Harvey, Robert Sweeney, Theresa Julia Zielinski ("Quantum States of Atoms and Molecules")

This page titled 5.E: Translational States (Exercises) is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by
David M. Hanson, Erica Harvey, Robert Sweeney, Theresa Julia Zielinski via source content that was edited to the style and standards of the

LibreTexts platform.

https://chem.libretexts.org/@go/page/11127



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/11127?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Book%3A_Quantum_States_of_Atoms_and_Molecules_(Zielinksi_et_al)/05%3A_Translational_States/5.0E%3A_5.E%3A_Translational_States_(Exercises)
http://pubs.acs.org/doi/abs/10.1021/ed082p1880.2
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Book%3A_Quantum_States_of_Atoms_and_Molecules_(Zielinksi_et_al)/05%3A_Translational_States/5.0E%3A_5.E%3A_Translational_States_(Exercises)
https://creativecommons.org/licenses/by-nc-sa/4.0
http://pubs.acs.org/doi/abs/10.1021/ed082p1880.2
https://web.archive.org/web/20200619182410/http://www.chemeddl.org

