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1 The Development of Atomic Theory
Atoms

Name Class Date

CHAPTER 4

As you read this section, keep these questions in mind:

• What scientists helped to develop atomic theory?

• What part of atoms did Thomson discover?

• What part of atoms did Rutherford discover?

KEY IDEAS
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Who Proposed the First Atomic Theory? 
You may know what atoms are: they are the tiny par-

ticles that make up all matter. Today, we know a great
deal about the structure and behavior of atoms. However,
scientists have not always known about atoms.

ORIGINS OF ATOMIC THEORY
The things we know about atoms today were

discovered by many scientists over a long period of time.
In fact, the first person to hypothesize that atoms exist
was Democritus. Democritus was a Greek philosopher
who lived in the fourth century BCE. He suggested that
everything in the universe was made of tiny, indivisible
units. He called these units atoms. The word atom comes
from the Greek word atomos. Atomos means “unable to
be cut or divided.”

Scientists Who Helped Develop Atomic Theory
Scientist Contribution

Democritus first proposed that the universe is made up of tiny,
indivisible units called atoms

Democritus made many observations of how matter
changes. He thought that the movements of atoms caused
the changes he observed. However, Democritus did not
have any evidence to show that his theory was correct.
Although some people agreed with Democritus’s theory,
others thought that different theories were correct.

As the science of chemistry was developing in the 1700s,
scientists began to focus on making careful measurements
in experiments. Therefore, scientists began to collect more
accurate and precise data about matter. Just as scientists
do today, scientists in the past used data to decide which
theories were most correct.

READING TOOLBOX

Compare After you read this
section, write a paragraph
or two comparing Dalton’s,
Thomson’s, and Rutherford’s
models of the atom.

READING CHECK

1. Identify Where does the
word atom come from?

READING CHECK

2. Explain What do you
think is the reason that
not everyone agreed with
Democritus’s theory?
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How Did Dalton Contribute to Atomic Theory? 
In 1808, an English schoolteacher named John Dalton

proposed a different atomic theory. Like Democritus, Dalton
proposed that atoms could not be divided into smaller parts.
However, unlike Democritus, Dalton performed scientific
experiments to find data to support his theory.

Dalton’s experiments showed that atoms of different
elements could combine in certain ways to form
compounds. This is known as the “law of definite
proportions.”

The law of definite proportions states that a chemi-
cal compound always contains the same proportion of a
particular element. For example, in any sample of water,
hydrogen will make up 11% of the mass of the sample.
In other words, in 100 g of water, there will be 11 g of
hydrogen and 89 g of oxygen.

For any sample of water, 11% of its mass is hydrogen and 89% is 
oxygen. This suggests that hydrogen and oxygen atoms combine in 
specific ratios to form water molecules.

Some parts of Dalton’s atomic theory are still accepted
by scientists today. In fact, Dalton’s explanation of how
atoms combine to form substances is considered the foun-
dation of modern atomic theory. However, as scientists
continued to carry out experiments, they made new obser-
vations that did not fit Dalton’s theory. New theories were
developed that better explained the new observations.

Scientists Who Helped Develop Atomic Theory
Scientist Contribution

Democritus first proposed that the universe is made up of tiny, 
indivisible units called atoms

John Dalton carried out scientific experiments that showed that atoms 
exist

READING CHECK

3. Describe How was 
Dalton’s theory different from 
Democritus’s?

4. Apply Concepts Carbon
makes up 27% of the mass 
of carbon dioxide. How many 
grams of carbon are there in 
88 g of carbon dioxide?

READING CHECK

5. Explain Why did scientists 
have to develop new atomic 
theories that were different 
from Dalton’s theory?
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How Did Thomson Contribute to Atomic 
Theory? 

In 1897, a British scientist named J. J. Thomson was
working with cathode rays, mysterious rays in vacuum
tubes. His experiments helped scientists better under-
stand the structure of atoms.

In his experiments, Thomson used a vacuum tube
that contained two electrodes. One electrode, called the
cathode, was negatively charged. The other, called the
anode, was positively charged. When electricity was sent
through the tube, a glowing beam appeared inside the
tube. Other scientists had shown that this beam came
from the cathode. However, they had not been able to
determine what the beam was made of.

When Thomson placed a magnet near the tube, the
beam was deflected, or bent, as shown in the figure
below. Only streams of charged particles can be bent
by a magnet. Light rays cannot. Therefore, Thomson’s
experiment suggested that cathode rays were actually
streams of tiny, charged particles.

The air was removed 
from the tube by a 

vacuum pump.

The beam is deflected by the 
magnet. Electric charges 

behave in this way. So, the 
deflection suggests that the 
beam is made of charges.

The beam is 
straight when no 

magnet is present.

The anode has a 
positive charge.

The cathode has a 
negative charge.

Based on the direction the beam bent, Thomson
determined that the particles in the beam were
negatively charged. His experiments also showed that,
no matter what substance the cathode was made of,
the beam was always the same.

Based on his results, Thomson concluded that the parti-
cles in the beam came from atoms. He also concluded that
the particles were the same in atoms of different elements.
This is how Thomson discovered electrons, the negatively
charged particles inside an atom.

READING CHECK

6. Identify Which electrode 
in Thomson’s vacuum tube 
was positively charged?

7. Explain Why did the 
deflection of the beam 
by a magnet suggest that 
the cathode ray contained 
charged particles?
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THOMSON’S MODEL OF THE ATOM
Thomson’s experiment showed that atoms contained

even smaller particles. He proposed a new model of the
atom based on his discovery. According to Thomson’s
model, electrons were spread randomly throughout an
atom. The rest of the atom was a positively charged mate-
rial. The electrons floated in the positively charged material.

Scientists Who Helped Develop Atomic Theory
Scientist Contribution

Democritus first proposed that the universe is made up of tiny, 
indivisible units called atoms

John Dalton carried out scientific experiments that showed that atoms 
exist

J. J. Thomson showed that atoms contain smaller particles called 
electrons

How Did Rutherford Contribute to Atomic 
Theory? 

According to Thomson’s atomic theory, the mass of an
atom was spread evenly throughout its volume. Ernest
Rutherford, a former student of Thomson’s, developed
experiments to test this idea.   

In one experiment, Rutherford’s students aimed a beam
of positively charged particles at a very thin sheet of gold
foil. Rutherford predicted that the positive charge in the
gold atoms would be too weak to affect the positively
charged particles. Therefore, the particles would either
pass straight through the foil or be deflected slightly.
However, this is not what the experiment showed.

Most of the particles passed straight through the
foil. Some were deflected slightly. However, some of
the particles bounced back at sharp angles. These
results are shown in the figure below.

A radioactive element produced 
positively charged particles.

A lead box blocked most of the 
particles. Only some of the particles 
passed through a thin slit in the box.

A few of the particles 
bounced back at sharp angles.

Some of the particles were 
deflected a small amount.

Most of the particles 
passed straight 
through the foil.

8. Compare How was 
Thomson’s model of the 
atom different from Dalton’s 
model?

READING CHECK

9. Describe What did 
Rutherford predict would 
happen to the positively 
charged particles when they 
hit the foil?
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RUTHERFORD’S MODEL OF THE ATOM
The results of Rutherford’s experiment were very

surprising. In his notebook, Rutherford wrote, “It was
almost as incredible as if you fired a 15-inch shell at
a piece of tissue paper and it came back and hit you.”
However, further experiments produced the same results.
Therefore, Rutherford’s results were confirmed.

Rutherford concluded that the sharply reflected par-
ticles collided with dense parts of the atoms in the gold
foil. The particles bounced back because they had the
same charge as the dense parts of the atom. Because so
few particles bounced back at sharp angles, Rutherford
concluded that these dense parts must be very tiny.

Based on his results, Rutherford concluded that an
atom’s positive charge is concentrated at the center of
the atom. This positively charged, dense core of the atom
is called the nucleus (plural, nuclei). Data from the
experiments showed that the nucleus must be very tiny.
If an atom were the size of a football stadium, its nucleus
would be only as big as a marble.

Rutherford’s results led to a new model of the atom. In
the Rutherford model, negatively charged electrons orbit
the positively charged nucleus, as shown below. This is
similar to the way that the planets orbit the sun.

The Rutherford model 
of the atom 

Electron
path Nucleus 

In the Rutherford model of the 
atom, electrons orbit the nucleus. 
This drawing does not accurately 
show the sizes and distances of the 
parts of the atom.

Scientists Who Helped Develop Atomic Theory
Scientist Contribution

Democritus first proposed that the universe is made up of tiny, 
indivisible units called atoms

John Dalton carried out scientific experiments that showed that 
atoms exist

J. J. Thomson showed that atoms contain smaller particles called 
electrons

Ernest Rutherford showed that the positive charge in an atom is 
concentrated in a nucleus at its center

READING CHECK

10. Describe How did 
Rutherford confirm the 
results of the gold-foil 
experiment?

11. Identify On the figure, 
label the part of the atom 
that has a positive charge 
and the part that has a 
negative charge.
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SECTION VOCABULARY

electron a subatomic particle that has a negative 
charge

nucleus in physical science, an atom’s central 
region, which is made up of protons and 
neutrons

1. Describe What did Rutherford’s gold-foil experiment suggest about the structure
of an atom?

2. Define State the law of definite proportions in your own words.

3. Compare How was Dalton’s atomic theory similar to Democritus’s atomic theory?

4. Compare How was Thomson’s atomic theory different from Rutherford’s atomic
theory?

5. Describe What did Thomson conclude about the particles in cathode rays?

6. Apply Concepts Nitrogen makes up 82% of the mass of ammonia. How many
grams of nitrogen are there in 200 g of ammonia?

7. Calculate The compound ammonia contains nitrogen and hydrogen atoms. How
many grams of hydrogen are there in 150 g of ammonia? (Hint: What percentage
of the mass of ammonia is hydrogen?)




