
Age of the Atom Part 1 
Democritus (~460 – ~370 B.C.)  
The ancient Greek philosophers had many conversations concerning the physical world and its composition.  There were 
different opinions about what made up matter.  Since these scholars did not have laboratories and had not developed 
the idea of the experiment, they were left to debate.  Whoever could offer the best argument was considered correct. 
However, often the best argument had little to do with reality. 
 
Democritus, often referred to as the “laughing philosopher” because of his emphasis on cheerfulness, taught that there 
were substances called atoms and that these atoms made up all material things. The atoms were unchangeable, 
indestructible, and always existed.  The word “atom” comes from the Greek atomos and means “indivisible.”  The 
atomists of the time (Democritus being one of the leading atomists) believed there were two realities that made up the 
physical world: atoms and void. There was an infinite number of atoms, but different types of atoms had different sizes 
and shapes. The void was the empty space in which the atoms moved and collided with one another.  When these 
atoms collided with one another, they might repel each other or they might connect in clusters, held together by tiny 
hooks and barbs on the surface of the atoms. 
 
Aristotle disagreed with Democritus and offered his own idea of the composition of matter.  According to Aristotle, 
everything was composed of four elements: earth, air, fire, and water.  Democritus’ theory of atoms was the better 
explanation of matter, but Aristotle was more influential, so Aristotle’s ideas prevailed.  It was not until almost two 
thousand years later that scientists came around to seeing the atom as Democritus did. 

 
John Dalton (1766 – 1844) 
While it must be assumed that many more scientists, philosophers, and others studied the composition of matter after 
Democritus, a major leap forward in our understanding of the composition of matter took place in the 1800’s with the 
work of the British scientist John Dalton. He started teaching school at age twelve, and was primarily known as a 
teacher.  In his twenties, he moved to Manchester, where he was able to pursue scientific studies.  Dalton studied the 
weights of various elements and compounds.  He noticed that matter always combined in fixed ratios based on weight, 
or volume in the case of gases.  Chemical compounds always contained the same proportion of elements by mass, 
regardless of amount.   Dalton also observed that there could be more than one combination of two elements.  His work 
in several areas of science brought him numerous honors.  When he died in 1844, over 40,000 people in Manchester 
marched at his funeral. 

 

Dalton’s Atomic Theory (1804)  
From his experiments and observations, as well as the work from peers of his time, Dalton proposed a new theory of 
the atom. This later became known as Dalton’s atomic theory. The general tenets of this theory were as follows: 
 All matter is composed of extremely small particles called atoms. 
 Atoms of a given element are identical in size, mass, and other properties.  Atoms of different elements differ in size, 

mass, and other properties. 
 Atoms cannot be subdivided, created, or destroyed. 
 Atoms of different elements can combine in simple whole number ratios to form chemical compounds. 
 In chemical reactions, atoms are combined, separated, or rearranged. 
 
Dalton’s atomic theory has been largely accepted by the scientific community, with the exception of three changes. We 
know now that (1) an atom can be further sub-divided, (2) all atoms of an element are not identical in mass, and (3) 
using nuclear fission and fusion techniques, we can create or destroy atoms by changing them into other atoms. 
 

Dalton’s Atomic Model (1804) 
Dalton proposed that atoms were indivisible solid spheres.  



Joseph John (J. J.) Thomson (1856 – 1940) 
In 1897, English physicist J.J. Thomson experimented with a 
device called a cathode ray tube, in which an electric current 
was passed through gases at low pressure. A cathode ray tube 
consists of a sealed glass tube fitted at both ends with metal 
disks called electrodes. The electrodes are then connected to a 
source of electricity. One electrode, called the anode, becomes 
positively charged while the other electrode, called the cathode, 
becomes negatively charged. A glowing beam (the cathode ray) 
travels from the cathode to the anode. 
 
In order to determine if the cathode ray consisted of charged 
particles, Thomson used magnets and charged plates to deflect the cathode ray.  He observed that cathode rays were 
deflected by a magnetic field in the same manner as a wire carrying an electric current, which was known to be 
negatively charged. In addition, the cathode ray was deflected away from a negatively charged metal plate and towards 
a positively charged plate. 
 
Thomson knew that opposite charges attract one another, while like charges repel one another. Together, the results of 
the cathode ray tube experiments showed that cathode rays are actually streams of tiny negatively charged particles 
moving at very high speeds. While Thomson originally called these particles corpuscles, they were later named 
electrons. He concluded that electrons were negatively charged subatomic particles 
present in atoms of all elements. 

 
Thomson’s Atomic Model (1904) 
Following the discovery of the electron, J. J. Thomson developed what became known 
as the “plum pudding” model. Plum pudding is an English dessert similar to a 
blueberry muffin. In Thomson’s plum pudding model of the atom, the electrons were 
embedded in a uniform sphere of positive charge like blueberries stuck into a muffin. 
The positive matter was thought to be jelly-like or a thick soup. The electrons were 
somewhat mobile.   

 
Eugene Goldstein (1850 – 1930) 
In 1886, Eugene Goldstein discovered evidence for the existence of the proton.  Using a cathode ray tube with holes in 
the cathode, he noticed that there were canal rays traveling in the opposite direction from the cathode rays.  Since 
cathode rays are negatively charged, Goldstein concluded that the canal rays were composed of positively charged 
particles, later named protons.  The proton is the positively charged subatomic particle present in all atoms. The mass of 
the proton is about 1840 times the mass of the electron. 

 

Robert Millikan (1868 – 1953) 
Millikan carried out a series of experiments between 1908 
and 1917 that allowed him to determine the charge of a 
single electron, famously known as the oil drop experiment. 
 
He sprayed tiny drops of oil into a chamber. He used X-rays 
to ionize the air of the chamber, causing electrons to attach 
to the oil drops.  At the bottom of the chamber were two 
charged plates (one positively charged and one negatively 
charged).  As the oil drops with the attached electrons fell to 
the bottom of the chamber they became suspended 
between the two plates.  Millikan used a microscope to 
observe the motion of the oil drops.  He found that the drops 
lined up in a specific way between the plates, based on the number of electric charges they had acquired.   
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Millikan used his observations to calculate the charge of an electron.  He determined the charge to be 1.5924 × 10-19 C, 
where C stands for Coulombs, which is the unit for charge.  Today the accepted value of the charge of an electron is 
1.602176487 × 10-19 C.  Millikan later used the information from his oil drop experiment to calculate the mass of an 
electron. The accepted value today is 9.10938215 ×10-31 kg. The incredibly small mass of the electron was found to be 
approximately 1/1840 the mass of a hydrogen atom. Therefore, scientists realized that atoms must contain another 
particle that carries a positive charge and is far more massive than the electron. 

 
Ernest Rutherford (1871 – 1937) 
In 1911, Ernest Rutherford and his coworkers Hans Geiger and Ernest Marsden initiated a series of groundbreaking 
experiments that would completely change the accepted model of the atom. They bombarded very thin sheets of gold 
foil with fast moving alpha particles. An alpha particle, a type of natural radioactive particle, is a positively charged 
particle with a mass about four times that of a hydrogen atom. 
 

 

 

 

 
According to Thomson’s Plum Pudding atomic model (the accepted atomic model of the time) in which an atom’s mass 
and charge are uniformly distributed throughout the atom, Rutherford and his team expected all the alpha particles to 
pass through the gold foil with only a slight deflection or none at all. Surprisingly, while most of the alpha particles were 
indeed undeflected, a very small percentage (about 1 in 8000 particles) bounced off the gold foil at very large angles. 
Some were even redirected back toward the source. No prior knowledge had prepared them for this discovery. In a 
famous quote, Rutherford exclaimed that it was “as if you had fired a 15-inch [artillery] shell at a piece of tissue paper 
and it came back and hit you.” 
 
Rutherford needed to come up with an entirely new model of the atom in order to explain his results. Because the vast 
majority of the alpha particles had passed through the gold foil with no deflection, he reasoned that most of the atom 
was empty space. In contrast, the particles that were highly deflected must have interacted with a tremendously 
powerful force within the atom. He concluded that all of the positive charge and the majority of the mass of the atom 
must be concentrated in a very small space in the atom’s interior, which he called the nucleus. The nucleus is the tiny, 
dense, central core of the atom and is composed of protons and neutrons. 
 

What should have happened: 

According to the plum 
pudding model all of the 
alpha particles should have 
passed through the gold foil 
with little or no deflection.  

Rutherford’s gold foil experiment: A radioactive 
element that emitted alpha particles was directed 
toward a thin sheet of gold foil that was 
surrounded by a screen which would allow 
detection of the deflected particles.  

What did happen:  

Rutherford found that a 
small percentage of alpha 
particles were deflected at 
large angles, which could be 
explained by an atom with a 
very small, dense, positively-
charged nucleus at its center.  
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Rutherford’s Atomic Model (1911) 
Rutherford’s atomic model became known as the nuclear model. In the nuclear atom, the 
protons and neutrons, which comprise nearly all of the mass of the atom, are located in 
the nucleus at the center of the atom. The electrons are distributed around the nucleus 
and occupy most of the volume of the atom. It is worth emphasizing just how small the 
nucleus is compared to the rest of the atom. If we could blow up an atom to be the size 
of a large professional football stadium, the nucleus would be about the size of a marble. 

 

 

 

Niels Bohr (1885 – 1962) 
Danish physicist Niels Bohr built upon Rutherford’s nuclear model of the atom.  Bohr claimed that an electron possessed 

a specific amount of energy, thus an electron was located in a specific energy level. 

 

Niels Bohr Atomic Model (1915) 
According to the Bohr model, often referred to as the planetary model, the 
electrons encircle the nucleus of the atom in specific allowable paths called 
orbits, much like how the planets orbit the Sun.  An electron orbit is also 
called the atomic energy level.  The energy of an electron depends upon the 
energy level in which it is located.  The energy is the lowest when the 

electron is in the orbit closest to the nucleus. Energy of the electron is higher when it orbits 
farther away. The electron is not allowed to occupy any of the spaces in between the 
orbits.  Since the electron has a specific amount of energy based upon its energy level, Bohr 
postulated that when an electron drops from a higher-energy orbit to a lower one, a specific amount of energy is 
released.  This quantity of released energy could then be calculated. 

 

James Chadwick (1891 – 1974)  
Rutherford discovered the atomic nucleus in 1911, and observed the proton in 1919. However, as he and other 
researchers studied the atom, they kept observing that an atom’s atomic mass was always higher than the number of 
protons in the atom.  Since electrons have almost no mass, they hypothesized that there must be another particle in the 
atom other than the proton that has mass.  In 1932, Rutherford’s assistant, James Chadwick conducted experiments on 
particle radiation.  Chadwick was able to experimentally determine that a neutral particle with mass did exist inside the 
nucleus.  This new uncharged particle was named the neutron.  The discovery of the neutron propelled the field of 
atomic physics.  Physicists were soon using neutrons to bombard nuclei of atoms, like uranium, causing nuclei to split 
apart, releasing huge amounts of energy.  This technique of splitting the nucleus by hitting it with neutrons led to the 
advancement of nuclear reactors and nuclear energy.  
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