Energy elgenstates

Welook for the states of constant energy, Y (X, Y, z, t)

_h_ ﬂ =
IZpﬁY (X,y,Z,1) = EY (XY, zZ 1)

We can separate the time- and space-dependence
of the wavefunction

Y(XY,z1) =y(Xy 2)f (1)
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Enerqy elgenstates (cont’'d)

. h d _
Iiﬁﬁf (t) = Ef (1)

1 gh?

~ 2 ~
2me2pg N7y (%, y,2) +Vy (X Y, 2) = Ey (XY, 2)

(time-independent) Schrodinger equation
The stationary states (energy eigenstates) are

Y(XY,z1) =y(XY Z)e_2IOi ELahn
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Properties of the stationary state

there is always a ground state

there may be excited states

some energy elgenstates can be degenerate
discrete eilgenvalues = finite moti on > bound state
constant probability distribution |Y |

constant expectation values

A e A

Terminology
energy levels = energy eigenvalues
energy spectrum = the set of energy eigenstates
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Application: Thefree particle

We want to find the stationary states of a particles
that moves in the x-direction, V=0, E=K

2
1 gh? d, _
2mé2pﬂ —Yy = By

The Schrodinger equation — 5
dx

has the solution: y (x) = Cle' kx Cze_' kx

wherek = 2p./2mE oh
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Application: Thefree particle (cont’d)

We include the time-dependence

Y (x 1) = (Clel KX N Cze_l kx)e—2p|Et o

non-relativistic motion: E = p2 o(2m)

Combining with k = 2p./2mE ch, we obtain

2Pp1px &n N e—2p|px o

Y (x1) = (c,e C, g ZPIELE

)
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|nter pretation of free particle wavefunction

1. superposition of aparticle’ smomentum eigenstates
Indeterminate: direction of motion, pgsiti on
degenerate energy eigenvaluesE = p o(2m)

2. superposition of two plane waves

KX _—1wt —Ikx —lwt
Y (X t) =ce e and Y ,(X,t) = c,e e

of angular frequency w = 2pf = 2pEchb E = hf
and wavelength| = 2pkb | =hm

RAF211-CZJ



Theprobability flux

From the time-dependent Schrodinger equation

.2
I_h_ﬂy — _l_ae_h_o N2y +Vy

Zpﬁ _ZméZpﬂ
we find

%W |2 + N? = 0 the continuity equation for probability

>. h *N ~ * . [
= e Ny —y N th bability fl
] 4pmi(y y —y Ny ™) isthe probability flux
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Properties of the Schrodinger_equation

1.y issingle-valued
2.y and dy adx are continuous

3. objects cannot penetrate regions
of infinite potential

4. only negative potentials that vanish at infinity can
give bound states (application: Coulomb potential)
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Matrix elements

They are used to
1. represent operators (and find their eigenstates)
2. study transitions between energy elgenstates

Definition:
_ *
fnm(t = OYn medV

IS the matrix element which corresponds to the transition
from the stationary state m to the stationary state n
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Transitions

&)  Why do we study transitions?

Because that’ s when radiation is produced

How about DE xDt = ha(4p)?
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Quasi-stationary states

Transition matrix element V¢ = (‘)Yf*V(N adV

Thequasi-stationary state hasawidth Gand alifetime

h

tZZE'é

The transition (or decay) probability is | =

2
Fermi’s Golden Rule: | = ﬂf\—‘vqi‘zr (E¢)
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