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Discovery of the Atomic Nucleus
Discovery of the Electron

Atomic Spectra: Clues to Atomic Structure
Bohr Model of the Atom

Explanation of Quantized Energy Levels:
Electron Waves

Quantum Mechanics

Correspondence Principle

These four physicists, who excel in their teaching, bring
quantum physics down to Earth for their students.

K David Kagan uses a strip of corrugated plastic in class to
model an orbiting electron. The stacked wood blocks model
electron energy levels. FJ Roger King uses a magnet to bend
an ele.ctron beam in a Crookes tube. ] Dean Zollman
Investigates nuclear properties with a modern version of
Rutherford’s scattering experiment. /] Professor and author
Art Hobson teaches one of his specialties, quantum physics.

els Bohr was born in Copenhagen, Denmark,
| in 1885. His father, a Lutheran, was a professor
of physiology at the University of Copenhagen.
His mother came from
a wealthy Jewish fam-
ily prominent in Danish
banking and parliamentary
circles. His brother, Harald
Bohr, was a mathematician
and Olympic soccer player
on the Danish national
team. Niels was passionate
about soccer as well, and
the two brothers played
in a number of national
matches in Copenhagen.
Bohr earned his physics
doctorate in Denmark in
1911. He then worked for a time in the laboratory of J. J.
Thomson, the discoverer of the electron, at Trinity College
in Cambridge, England, before continuing his research

- under Ernest Rutherford at the University of Manches-

ter, also in England. Rutherford had just discovered that
a tiny, positively charged nucleus sits at the center of every
atom, surrounded, presumably, by Thomson’s electrons.
Bohr pondered this new picture of the atom and added
quantum principles to it. He published his model of atomic
structure in 1913, in which electrons travel only in certain
orbits around the atomic nucleus, and the atom emits light
when electrons make “quantum jumps” from one orbit to
another. His theory brilliantly accounted for the observed
spectral lines of hydrogen and the so-called Balmer series
as well as other series.

Bohr won the Nobel Prize in Physics in 1922 for his
work on the quantum theory of atoms, a year after Albert

IEX] Discovery of the Atomic Nucleus

Half a dozen years after Einstein announced the photoelectric effect, the New
Zealand—born British physicist Ernest Rutherford oversaw his now fam9us gold-
foil experiment.’ This significant experiment showed that the. atom is most!y
empty space, with most of its mass concentrated in the central reglon—the atomic

nucleus.

In Rutherford’s experiment, a beam of positively charged particles (alpha parti-
directed through a sheet of extremely thin gold
f times more massive than electrons, it

les would not be impeded as it passed

cles) from a radioactive source was
foil. Because alpha particles are thousands o
was expected that the stream of alpha partic

"Why “oversaw”? To indicate that more investigators tt
widespread practice of elevating a single scientist to €
case, too often denies the involvement o
things more important to people than se

Lan Rutherford were involved in this experiment. The

f other investigators. There’s substan:
‘ecogniti reciation.
x and money—recognition and apprec
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Einstein won the Nobel Prize for his work on the photo-
electric effect. After quantum theory evolved and matured
in the mid-1920s, Einstein had great reservations about
its probabilistic nature, much preferring the determinism
of classical physics. He and Bohr debated these two views
of physics throughout their lives, always maintaining the
greatest respect for each other.

Because Bohr’s mother was Jewish, he was in danger
in Nazi-occupied Denmark during World War IL. In
1943, shortly before an impending arrest, he escaped to
Sweden with his family. The Allies, recognizing Bohr’s
importance, flew him from Sweden to London tucked in
the bomb bay of an unarmed Mosquito bomber. Because
Bohr forgot to put on his oxygen mask, he passed out.
Fortunately, the pilot, sensing that something was wrong
when Bohr didn’t respond to intercom messages, descend-
ed to a lower altitude and delivered a still-living passenger
to London. Bohr reportedly said that he had slept like a
baby during the flight. He then went to the United States
to work on the U.S. Manhattan Project at the top-secret
Los Alamos laboratory in New Mexico. For security rea-
sons he was assigned the name of Nicholas Baker during
the project.

After the war, Bohr returned to Copenhagen, advocat-
ing the peaceful use of nuclear energy and the sharing
of nuclear information. When awarded the Order of the
Elephant by the Danish government, he designed his own
coat of arms, which featured a symbol of yin and yang
with the Latin motto contraria sunt complementa: “oppo-
sites are complementary.”

Bohr’s son Aage went on to become a very successful
physicist and, like his father, won a Nobel Prize in Phys-
ics, his in 1975. Niels Bohr died in Copenhagen in 1962.
Much of this chapter involves his view of the underlying
physics of nature.

Ernest Rutherford (1871-1937)

he position of sole investigator, which seldom is the
ce to the saying, “There are two






