
The Search for the 

Smallest Thing
AN INTRODUCTION TO PARTICLE PHYSICS



By the end of the 18th century the atomic theory 

was revived, but there were still many questions:

• How many types of atoms are there?

• How big is an atom (how much space does it 

take up)?

• How heavy is an atom?

• How do atoms attach themselves to each other?



What happens when 
you combine one 
pound of hydrogen 
and one pound of 
oxygen in a strong 
container and ignite 
it?  Well, this’ll give 
you an idea!



Well, one pound of hydrogen mixed with one 

pound of oxygen, ignited, will give you a nice 

explosion!  

If the mixing is perfect, and perfectly contained, 

you’ll find yourself with 18 ounces of water and 14 

ounces of hydrogen, and no oxygen.

What does this tell us about the size of hydrogen 

and oxygen atoms?



Let’s try another one:

If you mix 23 ounces of Sodium with 35 ounces of 

Chlorine, you’ll get exactly 58 ounces of what?  

With nothing left over?
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What does this 

tell us about 

sodium and 

chlorine 

atoms?
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Meet John Dalton!

• Born 1766, into a Quaker family.  Died 1844

• Poor and a “Dissenter”, he was not eligible 

for advanced schooling

• Nonetheless he was privately tutored and 

became a schoolteacher at age 12!

• Eventually earned a degree at the New 

College of Manchester, where he began 

doing scientific research 
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• John was colorblind.  His research showed that 

this was inherited.

• Very interested in meteorology. He made 

20,000 journal observations of weather.  He 

became an expert on barometric pressure.

• His study of gases led him to believe in atoms.

• He was the first chemist who actively tried to 

experimentally figure out the relative weights 

of atoms.  He also revived Democritus’ ancient 

word “atom”.

Birthplace of 

John Dalton



Dalton’s First List of 

Elements - 1803

http://www.sussexvt.k12.de.us/science/

Dalton’s List of 

Elements - 1808

http://www.sussexvt.k12.de.us/science/
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One of the things that caused a lot of 

confusion was that atoms could combine 

with more than just one other atom.  

The number of atoms that one atom can 

attach itself to is called the “valence”.

John Dalton worked very hard to establish 

the valence of as many elements as he 

could.

The chart shows his record of the valences 

of various elements.  Each circle has a code 

indicating which element it is. 



• Elements are made 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 combine in simple 

whole-number ratios to form chemical 

compounds.

• In chemical reactions, atoms are combined, 

separated or rearranged.

Dalton’s 

Atomic Model
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Meet Dmitri Mendeleev!
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• Lived from 1834 – 1907, born in Siberia

• Youngest of 17 children

• Went to university in St. Petersburg

• Had tuberculosis between 1855-1857

• Became a chemistry professor at Saint 

Petersburg Technological Institute

• Was a bigamist!  



By 1863 there were 56 known elements, and on average a new one 

was discovered every year.

Mendeleev started to try and organize all these elements by mass, 

valence, and chemical properties.

He struggled until one night, in his own words: “I saw in a dream a table 

where elements fell into place as required.  Awakening, I immediately 

wrote it down on a piece of paper.  Only in one place did a correction 

seem necessary.”

He presented his table to the Russian Chemical Society in 1869.

His table had gaps for eight undiscovered elements (all of which have 

been found!)

This was the discovery of the Periodic Table!



Mendeleev’s First Periodic Table, published in 1871
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So, now we know!  There are over 100 “smallest 

things”!  Each one has its own size and 

chemical properties.

But…

• How big is one atom really?  How much 

space and mass do they have?

• How do they connect to each other?

• Why don’t some atoms like to connect with 

others?
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Johann Loschmidt used the results of a 

remarkable set of experiments which 

determined how far gas atoms would go 

before colliding with each other.

With a good bit of math, he finally 

calculated the diameter of an air 

molecule.

His number was:  0.000 000 969 millimeters

This is really small!  And yet, it turns out, it 

is twice as big as it should be.



On the Size of the Air Molecules

Johann Loschmidt

Proceedings of the Academy of Science of Vienna

vol. 52, p. 395-413 (1865)

[Reader's Note: Translation published in the Journal of Chemical Education for October 1995, vol 72, No. 10, p. 870-875. The 

authors provide a number of explanatory annotations.]

It has been agreed that in gases the molecules are separated by distances that are large 

compared to their diameters. The molecules are in constant motion, and the velocity of this 

motion is governed by the temperature. On the nature of the motion, two sharply different 

models have been proposed in recent years. The earlier one postulates that gas molecules are 

held through opposing forces of attraction and repulsion in equidistant locations, about which 

they oscillate in a sort of stable equilibrium. These forces of attraction and repulsion are 

assumed to be intrinsic to the nature of the molecule or, more probably, are a property of the 

ether environment or the molecule's own caloric content.



Charles-Augustin de Coulomb (1736-1806)
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In the midst of the 

French Revolution, 

Coulomb conducted 

an experiment which 

for the first time 

measured the effect 

of electric charge.



Coulomb used a “Torsion Balance” 

to measure the amount of force 

between two electrically charged 

objects.

By the way, what do these symbols 

represent in Physics?

• t

• m

• a

• v

• So what is the symbol for charge?
Wikipedia.com



Coulomb’s Law

k * q1 * q2

Electrical Force      =     --------------------------------

d2

k = 9.0 x 109

In honor of this 

experiment, the unit of 

electric charge is called 

the Coulomb.
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Alessandro Volta (1745 – 1827)

Volta recognized that Galvani had 

misinterpreted his frog experiment.  

In 1799 he built a “Voltaic Pile”, a 

stack of copper and zinc plates 

with rags soaked in brine between 

them.  This produced electricity!  It 

was the first electrical battery!

The unit of electrical potential is 

named after him. 



So, to summarize, by the mid 1800’s

• The atomic theory had been widely accepted

• The relative weights of many atoms had been determined

• Hydrogen was the lightest atom, and was assigned the value ‘1’

• The periodic table had been developed

• The size of atoms had begun to be measured

• Electricity had become measurable and batteries had been invented

• A theory of electricity and magnetism was developing  



But, there were some lingering questions:

• Why are there so many “smallest things” (atoms)?  

Everyone expected just a few.

• How do atoms attach themselves to each other?

• Why do different atoms attach themselves to different 

numbers of atoms?

• Just how big is each atom, really, both in size and 

mass?

• Is it possible there is something smaller than an atom?

So, we’ll begin to deal with these next week!


