The energy levels in the hydrogen atom depend on n.
whereas in other atoms they depend on n and [

When an external magnetic field is applied. the spectral
lings are split (the Zeeman effect), indicating that the energy
depends also on my in this case.

Even in the absence of a magnetic field, precise measure-
ments of spectral lines show a tiny splitting of the lines called
fine structure, whose explanation is that the energy depends
very slightly on m; and mg.

[*Transitions between states that obey the selection rule
Al= +1 are far more probable than other so-called
“forbidden™ transitions.]

The arrangement of electrons in multi-electron atoms is
governed by the Pauli exclusion principle, which states that no
two electrons can occupy the same quantum state—that is, they
cannot have the same set of quantum numbers n, £, m;, and m;,.

As a result, electrons in multi-electron atoms are
grouped into shells (according to the value of 1) and subshells
(according to {).

Electron configurations are specified using the numerical
values of n, and using letters for [ 5. p. d. f. etc.. for
f=10,1.2,3, and so on, plus a superscript for the number of
electrons in that subshell. Thus. the ground state of hyvdrogen
is 15", whereas that for oxygen is 1572572 p*.

l Questions

The periodic table arranges the elements in horizontal rows
according to increasing atomic number (number of electrons in
the neutral atom). The shell structure gives rise to a perio-
dicity in the properties of the elements, so that each vertical
column can contain elements with similar chemical properties.

X-rays, which are a form of electromagnetic radiation of
very short wavelength, are produced when high-speed elec-
trons strike a target. The spectrum of X-rays so produced
consists of two parts, a continuous spectrum produced when
the electrons are decelerated by atoms of the target, and
peaks representing photons emitted by atoms of the target
after being excited by collision with the high-speed electrons.
Measurement of these peaks allows determination of inner
energy levels of atoms and determination of Z.

[*Fluorescence occurs when absorbed UV photons are
followed by emission of visible light, due to the special
arrangement of energy levels of the material. Phosphorescent
materials have metastable states (long-lived) that emit light
seconds or minutes after absorption of light. ]

[*Lasers produce a narrow beam of monochromatic
coherent light (light waves in phase). Holograms are images
with a 3-dimensional quality, formed by interference of laser
light.]

1. Compare a matter wave V¥ to (a) a wave on a string,
(b) an EM wave. Discuss similarities and differences.
Explain why Bohr's theory of the atom is not compatible
with guantum mechanics, particularly the uncertainty
principle.
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3. Explain why it is that the more massive an object is, the
gasier it becomes to predict its future position.

4. In view of the uncertainty principle, whv does a baseball
seem (o have a well-defined position and speed whereas
an electron does not?

5. Would it ever be possible to balance a very sharp needle
precisely on its point? Explain.

6. A cold thermometer is placed in a hot bowl of soup. Will
the temperature reading of the thermometer be the same
as the temperature of the hot soup before the measure-
ment was made? Explain.

7. Does the uncertainty principle set a limit to how well you
can make any single measurement of position?

8. If you knew the position of an object precisely, with no
uncertainty, how well would vou know its momentum?

9. When vou check the pressure in a tire. doesn’t some air
inevitably escape? Is it possible to avoid this escape of air
altogether? What is the relation to the uncertainty
principle?

10. It has been said that the ground-state energy in the
hydrogen atom can be precisely known but the excited
states have some uncertainty in their values (an “energy
width”). Is this consistent with the uncertainty principle in
its energy form? Explain.

11. Which model of the hydrogen atom, the Bohr model or
the quantum-mechanical model, predicts that the electron
spends more time near the nucleus?
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12. The size of atoms varies by only a factor of three or so,
from largest to smallest, vet the number of electrons
varies from one to over 100. Explain.

Excited hydrogen and excited helium atoms both radiate
light as they jump down to the n=1, [ =0, m;=10
state. Yet the two elements have very different emission
spectra. Why?
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14. How would the periodic table look if there were no elec-
tron spin but otherwise quantum mechanics were valid?
Consider the first 20 elements or so,

15. Which of the following electron configurations are
not allowed: (a) 1s%252p*3s%4p? (b) 1572572p"3s,
() 1572572 p"3573 p>d 6?44 17 1f not allowed, explain why.

16. Give the complete electron configuration for a uranium
atom (careful serutiny across the periodic table on the
inside back cover will provide useful hints).

17. In what column of the periodic table would you
expect to find the atom with each of the following
configurations: (a) 15°25°2p"35% () 1572572p"35%3p";
(€) 15725723523 p4s: (d) 1572572p°7

18. Why do chlorine and iodine exhibit similar properties?

19. Explain why potassium and sodium exhibit similar
properties.
2{). The ionization energy for neon (Z = 10 is 21.6eV, and that

for sodium (Z = 11)is 5.1 ¢V. Explain the large difference.

*21. Why does the cutoff wavelength in Fig. 28-11 imply a
photon nature for light?

*22. Why do we not expect perfect agreement between
measured values of X-ray line wavelengths and those
calculated using Bohr theory, as in Example 28-67

B

*23, How would you figure out which lines in an X-ray spec-
trum correspond to K, . K. L etc., transitions?



