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FIGURE 27-17 Plum-pudding
model of the atom.

Rutherford’s planeiary model

FIGURE 27-18 (a) Experimental setup for Rutherford’s (a)

A typical model of the atom in the 1890s visualized the atom as a homoge-
neous sphere of positive charge inside of which there were tiny negatively
charged electrons, a little like plums in a pudding, Fig. 27-17.

Around 1911, Ernest Rutherford (1871-1937) and his colleagues
performed experiments whose results contradicted the plum-pudding model
of the atom. In these experiments a beam of positively charged “alpha («)
particles” was directed at a thin sheet of metal foil such as gold,
Fig. 27-18a. (These newly discovered a particles were emitted by certain
radioactive materials and were soon shown to be doubly ionized helium
atoms—that is, having a charge of +2e¢.) It was expected from the plum-
pudding model that the alpha particles would not be deflected significantly
because electrons are so much lighter than alpha particles, and the alpha
particles should not have encountered any massive concentration of positive
charge to strongly repel them. The experimental results completely
contradicted these predictions. It was found that most of the alpha particles
passed through the foil unaffected, as if the foil were mostly empty space.
And of those deflected, a few were deflected at very large angles—some
even backward, nearly in the direction from which they had come. This could
happen. Rutherford reasoned, only if the positively charged alpha particles
were being repelled by a massive positive charge concentrated in a very
small region of space (see Fig. 27-18b). ITe hypothesized that the atom must

Viewing screen

Source
containing
radon

experiment: e particles emitted by radon strike a metallic
foil and some rebound backward: (b) backward rebound
of a particles explained as the repulsion from a heavy

positively charged nucleus.

FIGURE 27-19 Rutherford’s
model of the atom, in which
electrons orbit a tiny positive
nucleus (not to scale). The atom is
visualized as mostly empty space.
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consist of a tiny but massive positively charged nucleus, containing over
99.9% of the mass of the atom, surrounded by electrons some distance away.
The electrons would be moving in orbits about the nucleus—much as the
planets move around the Sun—because il they were at rest, they would fall
into the nucleus due to electrical attraction, Fig. 27-19. Rutherford’s experi-
ments suggested that the nucleus must have a radius of about 107" to
10" m. From kinetic theory, and especially Einstein’s analysis of Brownian
motion (see Section 13-1), the radius of atoms was estimated to be aboult
107"m. Thus the electrons would seem to be at a distance from the
nucleus of about 10,000 to 100,000 times the radius of the nucleus itsell.
(If the nucleus were the size of a baseball, the atom would have the diameter of
a big city several kilometers across.) So an atom would be mostly empty space.

Rutherford’s “planetary” model of the atom (also called the “nuclear model
of the atom™) was a major step toward how we view the atom today. It was not,
however, a complete model and presented some major problems, as we shall see.
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