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Chapter 4

Subatomic Particles
THE MAIN IDEA

Atoms are made of electrons, protons, 
and neutrons

4.3  The Atomic Nucleus

It was reasoned that if atoms contained negatively charged par-
ticles, some balancing positively charged matter must also exist. 
From this, Thomson put forth what he called a plum-pudding 
model of the atom, shown in Figure 4.7. Further experimenta-
tion, however, soon proved this model to be wrong.
 Around 1910, a more accurate picture of the atom came 
to one of Thomson’s former students, the New Zealand physicist 
Ernest Rutherford (1871–1937). Rutherford oversaw the now-fa-
mous gold-foil experiment, which was the first experiment to 
show that the atom is mostly empty space and that most of its 
mass is concentrated in a tiny central core called the atomic 
nucleus.
In Rutherford’s experiment, shown in Figure 4.8, a beam of 
positively charged particles, called alpha particles, was directed 
through a very thin sheet of gold foil. Since alpha particles were 
known to be thousands of times more massive than electrons, 
it was expected that the alpha-particle stream would not be 
impeded as it passed through the “atomic pudding” of gold foil. 
This was indeed observed to be the case—for the most part. 
Nearly all alpha particles passed through the gold foil. However, 
some particles were deflected from their straight-line path as 
they passed through the foil. A few of them were even deflected 
straight back toward the source! These alpha particles must have 
hit something relatively massive, but what?

Rutherford reasoned that undeflected particles trav-
eled through regions of the gold foil that were empty space, 

 ^  Figure 4.7
Thomson’s plum-pudding model of 
the atom. Thomson proposed that the 
atom might be made of thousands 
of tiny, negatively charged particles 
swarming within a cloud of positive 
charge, much like plums and raisins 
in an old-fashioned Christmas plum 
pudding.
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as Figure 4.9 shows, and the deflected ones were repelled by 
extremely dense positively charged centers. Each atom, he con-
cluded, must contain one of these centers, which he named the 
atomic nucleus.

Rutherford guessed that atomic nuclei must be positively 
charged to balance the negative charge of the electrons in the 
atom. He also guessed that the electrons were not part of this 
nucleus but still somewhere in the atom. Today we know that, 
as Figure 4.10 illustrates, the electrons do indeed exist outside 
the nucleus, swirling around it at ultrahigh speeds.

What Figure 4.10 does not show is that an atom is mostly 
empty space, with the diameter of the whole atom being about 
10,000 times greater than the diameter of its nucleus. If a nucleus 
were the size of the period at the end of this sentence, the 
outer edges of the atom would be located 3.3 meters (11 feet) 
away. Because electrons are even smaller than the nucleus, and 
because they are widely separated from each other (as well as 
from the nucleus), atoms are indeed mostly empty space—just 
as our solar system is mostly empty space.

So, if atoms are mostly empty space, why don’t they 
simply pass through one another? They don’t because electrons 

<  Figure 4.8
Rutherford’s gold-foil exper-
iment. A beam of positively 
charged alpha particles was 
directed at a piece of gold foil. 
Most of the particles passed 
through the foil undeflected, 
but some were deflected. This 
result implied that each gold 
atom was mostly empty space 
with a concentration of mass at 
its center—the atomic nucleus.

What did Rutherford reason 
about the deflected alpha 
particles?

READING CHECK

<  Figure 4.9
Rutherford’s interpretation of the results from 
his gold-foil experiment. Most alpha particles 
passed through the empty space of the gold 
atoms undeflected, but a few were deflected 
by atomic nuclei.
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repel the electrons of neighboring atoms. Therefore, two 
atoms can get only so close to each other before they are 
repelled. This explains why gravity doesn’t pull you through 
the floor as you stand. While the force of gravity pulls you 
down, the electric force of repulsion between the atoms 
of the floor and those of your feet pushes you up. As you 
stand on the floor, these two forces are balanced and you 
find yourself neither falling nor rising—there’s more to 
standing than most people realize!

Similarly, when the atoms of your hand push 
against the atoms of a wall, repulsions between electrons 
in your hand and electrons in the wall prevent your hand 
from passing through the wall. You sense this repulsion 
as a pressure that pushes back. Our sense of touch comes 
from these electrical repulsions. Interestingly, when you 
touch someone, your atoms and those of the other person 
do not meet. Instead, atoms from the two of you get close 
enough so that you sense an electrical repulsion. There is 
still a tiny, though imperceptible, gap between the two of 
you (Figure 4.11).

When Ernest Rutherford was 24, he 
placed second in a New Zealand 
scholarship competition to attend 
Cambridge University in England, 
but the scholarship was awarded to 
Rutherford after the winner decided 
to stay home and get married. In 
addition to discovering the atomic 
nucleus, Rutherford was also first 
to characterize and name many of 
the nuclear phenomena discussed 
in Chapter 5. He won a Nobel prize 
in 1908 for showing how elements 
such as uranium can become differ-
ent elements through the process of 
radioactive decay. At the time, the 
idea of one element transforming to 
another was shocking and met with 
great skepticism, because it seemed 
reminiscent of alchemy.

<  Figure 4.10 
Electrons whiz around the atomic nucleus, form-
ing what can be best described as an ultrathin 
cloud. If this illustration were drawn to scale, the 
atomic nucleus would be too small to be seen. An 
atom is mostly empty space.

<  Figure 4.11
Stephanie and Kempton make contact by push-
ing together against the electric repulsive forces 
of their atoms, which never actually meet.


