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QUANTUM MECHANICS — Formula Sheet

You can use any of the information given in these pages, without proof, in the exam.

Fundamental constants:

Planck’s constant, h = 6.63 x 1073* Js

Reduced Planck constant, A = h/2r = 1.05x 107** Js

Speed of light, ¢ = 3 x 10® ms™*

Elementary charge, e = 1.60x 1071° C leV =1.60x 1071 J
Electron mass m, = 0.511 MeV/c? = 9.11x 10% kg
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V2 in spherical polar coordinates:
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3-dimensional volume element = r*sin@ dr df d¢



Schroedinger Wave Equation:

To obtain the time-dependent equation from the classical expression for energy:
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Normalised wave functions:

For Hydrogen-like atom:
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For Harmonic Oscillator: (in 1 Dimension)
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For 1-D infinite square well: (sides at z = +a/2)

/2
Y = —COSZLJE, n=13,5,...
a a

2
or Y = \/;sin@, n=24,6,...

a

K2m2n?

E levels: FE, =
nergy levels " 53




Operators for angular momentum:

Lo = yps—2by = —ih <y% - zﬁ%)
L, = 2p,—ap, = —ih (yg_ B $%>
L. = apy—ybs = —ih (“"Zaa_y - yé%)
Iz = —p? {31%585 (sin@%) + ;r% ('%22‘

Some useful integrals: (taken from the Bedside Book of Integrals)
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Question 1
(a) Show that 9(r,8,¢) = f(r)(3cos?d — 1) is an eigenstate of L2 and find its eigenvalue.

(b) Evaluate the commutators [Aw, ﬁy] and [:%,f/y].

Question 2

A particle in a p-state is represented by the wavefunction ¥ =4 Y} + 3Y;!

where Y™ are the (normalised) spherical harmonics for quantum numbers £ and m.
) Normalise ).

b) What is the probability that a measurement of L, will give the value +A ?

¢) What is the expectation value of L, ?

(a
(
(
(d) What is the expectation value of L2 ?
(e) What is the expectation value of L? ?
(

f) What are the possible values of a measurement of L, ?

Question 3

The Hamlltoman of a one-dimensional simple harmonic oscillator is modified by the addition of terms
in z° and z*, so that the Schroedinger equation becomes:

o Bat + smw 222 + azdyp + Bx*y = Eyp where o and B are small

Find the first-order change in the energy of the ground state of this oscillator:
(a) due to the term in z*
(b) due to the term in z*.

Question 4

The electron in a hydrogen-like atom is in the 2s state. It is subjected to a small perturbation §V (r) =
Ar cos? §, where ) is a constant. Find the first-order change in energy of this state.







