
The Search for the 

Smallest Thing
AN INTRODUCTION TO PARTICLE PHYSICS



By the mid 1800’s

• The atomic theory had been widely accepted

• The relative weights of many atoms had been determined

• Hydrogen was known as the lightest atom, and assigned to be ‘1’

• The periodic table had been developed

• The size of atoms had begun to be measured

• Electric force was measurable and batteries had been invented

• A theory of electricity and magnetism was developing  



Mendeleev’s First Periodic Table, published in 1871

Wikipedia.com





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?



In 1855 Heinrich Geissler 

invented a high power 

vacuum pump.

It was able to produce a 

vacuum with just 10 

Pascals of air pressure. 

Ordinary air pressure is 

101,325 Pascals.

Wikipedia.com



Several people got the idea to see what 

electricity would do in a vacuum. 

William Crookes built a special glass 

vacuum tube for this purpose in 1869.  

These tubes were known as Crookes tubes.

A battery was connected to the Crookes 

tube – the positive end is called the anode, 

and the negative end is the cathode. 

When it was turned on, something very 

interesting happened!
Wikipedia.com



Demonstration of The Crookes Tube

https://www.youtube.com/watch?v=UUpD62r2wq8

https://www.youtube.com/watch?v=UUpD62r2wq8


What was that glow????? 

Was it just light, or was it 

something else?  

Since the light seemed to move 

from the cathode to the anode, 

these were called cathode rays.

By the way, this was quickly 

developed into the first 

fluorescent light bulb!

Physics Open Lab



One more fun thing to do with Cathode Ray 

Tubes!  If you have a 75,000 volt battery and you 

attach it to a cathode ray tube, and give the 

beam a metal target, it will produce X-Rays!

Schoolphysics.co.uk



The first person 
to do this was 
Wilhelm 
Rontgen, in 
1895.  On the 
left is the very 
first X-ray ever 
taken, of his 
wife’s hand.

Dailymail.co.uk



Because cathode rays could be easily bent 

by an electric or a magnetic field, they 

couldn’t be just light.  They had to be some 

sort of new particle.  But what particle?  And 

how big was it?

Two experiments, one by J.J. Thomson and 

one by Robert Millikan, led to an astonishing 

answer to those questions.  



Sir Joseph John Thomson  

(1856 – 1940)

In 1897, JJ Thomson used both 

an electric and a magnetic 

field to steer a cathode ray 

through a tube.

Knowing the strength of the 

two fields, he could calculate 

the ratio of the charge to the 

mass of the beam.Wikipedia.com



J J Thomson’s Cathode Ray Experiment

Thomson’s experiment showed that q/m =                

176 000 000 000 Coulombs/Kilogram
But without knowing either q or m, he couldn’t go 

further.  Still, he was knighted for this!

Plato.Stanford.edu

This is his own diagram of his cathode ray tube 



Robert Millikan, from 1909 to 1913, 

came up with a clever experiment to 

measure the amount of charge on a 

cathode ray particle.

To understand the experiment, we 

first have to answer the question:

How does deodorant stick to your 

armpits?



Science.howstuffworks.com

When the aerosol goes 

through the tube, it turns 

into a spray and the drops 

of the spray rub against 

the dip tube.  When you 

rub things together, what 

happens?

That’s right, they get 

electrically charged!  So 

deodorant is electrically 

charged when it comes 

out of the can, and sticks 

to your armpit electrically!



Pinterest.com

Millikan used an old fashioned perfume 

bottle to spray electrically charged drops 

through an electric field.  If everything was 

just right, the drops would float!  Then he 

would turn off the field and measure how 

fast the drops fell, which let him measure 

the mass of the drops.

Wikipedia.com



Test yourself against a great physicist!  What do 

these numbers have in common:

6.563 13.13 16.48

8.204                    26.13                 19.71

11.50                    18.08                 22.89

All of these numbers are times 10-19, by the way.  

And they are measured in Coulombs. They are 

real data points from Millikan’s experiment.

Can you figure out the pattern?



Here’s the pattern:

6.563 = 1.641 x 4 13.13 = 1.641 x 8 16.48 = 1.641 x 10

8.204 = 1.641 x 5 26.13 = 1.641 x 16 19.71 = 1.641 x 12

11.50 = 1.641 x 7 18.08 = 1.641 x 11 22.89 = 1.641 x 14

Millikan measured the charge of hundreds of oil drops.  

And EVERY SINGLE oil drop had a charge of some  

whole number times 1.6, allowing for some small 

experimental error.  And TO THIS DAY, no one has ever 

seen a charge that is not a multiple of 1.6 x 10-19 C



Apparently, ALL charges are built up from a 

whole number amount of this fundamental 

charge:

q = 1.6 x 10-19 C = .000 000 000 000 000 000 16  C

This turns out to be the charge of the cathode 

rays!  

This allowed physicists to calculate the mass of 

the cathode ray particle:



Thomson’s ratio for q/m was 176 000 000 000.

Plugging the value of q = 1.6 x 10-19 into this

You get the mass of the cathode ray tube particle:

.000 000 000 000 000 000 000 000 000 000 909 kg

Or, 9.09 x 10-31 kg

That is ridiculously small!



It’s interesting that the mass of atoms was first being 

accurately measured at about this same time, and JJ 

Thomson had a lot to do with that too.  The smallest atom, 

hydrogen, has been measured to have a mass of:

.000 000 000 000 000 000 000 000 001 670 kg

Or 1.670 x 10-27 kg

The Cathode Ray particle has a mass of:

000 000 000 000 000 000 000 000 000 000 909 kg

Or 9.09 x 10-31 kg.  This means it is much smaller than an atom!!



So, atoms aren’t the smallest things 

after all!  Cathode ray particles were 

renamed “electrons”, because they 

had an electrical charge and the 

Greek work electron was the original 

word for electricity.   This was the first 

subatomic particle to be found. 



Meet Eugene Goldstein!

PeoplePill.com

In 1887, he discovered rays going 

“backwards” in the cathode ray tube.  

These were called anode rays, and were 

positively charged.  They also turned out 

to be 1840 times larger than an electron.

HighSchoolPedia.com



With the discovery of 

cathode and anode rays, J.J. 

Thomson came up with the 

idea that atoms had an 

interior structure.  This was 

called the “Plum Pudding” 

model of the atom.  He 

published it in 1904. 

The idea was that a large 

positive charge had 

electrons stuck to it, and the 

result was an atom with no 

net charge.

This model ended up not 

working very well, but it was 

a good first shot!

Sutori.com



Since the discovery of the electron, 

hundreds more subatomic particles 

have been found.  Their discovery, along 

with the laws of physics that govern how 

they behave (now called quantum 

physics), is for the next course!  

Hope to see you soon!



If you want to contact me, the best way is 

by e-mail:

medodge@comcast.net

Thanks!  It’s been a blast!

mailto:medodge@comcast.net

