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CHAPTER 5 _ ) .
v=y,+iy;,=(l+ic)y,=¢y, |
Since the overall scale & is irrelevant, we can ignore it, i.e., work with real eigen-
functions with no loss of generality. '
This brings us to the end of our study of one-dimensional problems, except for
the harmonic oscillator, which is the subject of Chapter 7.
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CHAPTER 13

Given this, how could one forget that the levels go as n’ie.,

E,
E,=—229
n2

If we rewrite E, as —e’/2a,, we can get the formula for ao. The equation ¢ = j also
justifies the use of nonrelativistic quantum mechanics. An equivalent way (which
avoids the use of velocity) is Eq. (13.3.17), which states that the binding energy is
~(1/137)* times the rest energy of the electron.

\/ Exercise 13.3.1.*% The pion has a range of 1 Fermi=10"" A as a mediator of nuclear
force. Estimate its rest energy. ke 2000 eV 3 ) o <

—_— 200
aXx /
\/ Exercise 13.3.2.* Bstimate the de Broglie wavelength of an electron of kinetic energy
200 eV. (Recall A=2xfi/p.) f s R e P s
Zh Zm

105 4

Jo A= 2Mh | WRC A g X 2000 VA [ 2xI0% :
e e et S o /A

Comparison with Experiment V2" E (2mcE [PeV 2ovey st

Quantum theory makes very detailed predictions for the hydrogen atom. Let us
ask how these are to be compared with experiment. Let us consider first the energy
levels and then the wave functions. In principle, one can measure the energy levels
by simply weighing the atom. In practice, one measures the differences in energy
levels as follows. If we start with the atom in an eigenstate |n/m), it will stay that

way forever. However, if we perturb it for a time 7, by turning on some external
field (i.e., change the Hamiltonian from H', the Coulomb Hamiltonian, to H’+ H')
its state vector can start moving around in Hilbert space, since |7/ is not a station-

ary state of H+ H'. If we measure the energy at time ¢> T, we may find it corre-

Remenber , Ry 1 1
o }2 Dy =—— __2+_

sponds to another state with n’ #n. One measures the energy by detecting the photon
emitted by the atom. The frequency of the detected photon will be

En - En’
A

Do = (13.3.18)

Thus the frequency of light coming out of hydrogen will be

(13.1.29) fi

=&(i-l) (13.3.19)

P8 AaZeR

iy
nt

For a fixed value n’=__1,‘ 2,3,..., we obtain a family of lines as we vary n. These
families have in fact been seen, at least for several values of #'. The n'=1 family is
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