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Background 

Joseph John Thomson was an Englishman.  While studying mathematics at Trinity 
College, he applied and received a scholarship to Cambridge University in London, England.  
Thomson spent his entire career with the university where his interests in math led him to 
experimentation.  In 1884, he took over as the Cavendish Professor of Experimental Physics and 
began to study the passage of electricity through gases. 
  

In the years preceding Thomson’s research, scientists took a specialized glass tube and 
evacuated the tube of most of the air using a pump.  When electricity was passed through the gas, 
which was at low pressure inside the tube, scientists found that a greenish-glowing beam traveled 
in a straight line from the negative end (cathode) of the tube to the positive end (anode).  German 
physicist Eugen Goldstein named the light rays “cathode rays”.  Scientists argued over the nature 
of cathode rays for the next thirty years. 
 

After much experimentation, Thomson confirmed that the cathode rays were always 
deflected by a negatively charged plate at the end of the tube.  He concluded that the particles 
were streams of negatively charged particles.  Thomson began to study these negatively charged 
particles to determine if they were atoms, molecules, or something else entirely new.  He set out 
to do this by finding the ratio of the mass to electric charge (m/e) of these particles. Since 
different atoms and molecules have different mass/charge ratios, the m/e measurement would 
allow Thomson to figure out what type of atom or molecule he had found.  
 

Thomson determined the m/e ratio by measuring the deflection of the particle in magnetic 
and electric fields.  The amount of deflection is dependent on the mass of the particle and the 
size of its charge.  He used a fluorescent screen at the end of the cathode ray tube to measure the 
deflection of the cathode ray beam and the voltage required to return the beam to its original 
path.  Thomson calculated an m/e of 1.76 x 108 C/g.  This value was one thousand times smaller 
than the m/e for a hydrogen ion.  The smallest m/e that had been measured at that time was the 
hydrogen ion.  Thus, Thomson concluded that the cathode ray particles were not atoms nor 
molecules but some new form of matter that had not been discovered. 
 

During a lecture at the Royal Institute of Great Britain in 1897, J. J. Thomson announced 
that he had discovered a negatively charged particle one thousand times smaller than an atom.  
Thomson’s announcement was met with disbelief.  This disbelief was not a shock since 
Thomson himself had firmly believed for many years that atoms were indivisible.  His research 
was solid, and Thomson could not deny the results of his experiments.  Thomson called the 
newly discovered particles corpuscles, meaning “small bodies”.  Today these particles are called 
electrons.    
 
 
 

Thomson’s Cathode Ray Tube Experiment 
Cathode Rays are Electrons 

Worksheet 
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Based on his discovery of what is now known as the electron, J. J. Thomson proposed a 

new model of the atom.  He stated that atoms were divisible and that atoms were made up of 
subatomic particles that accounted for the known electrical nature of the atom.  Since atoms were 
neutral, he assumed that atoms must also be composed of positively charged particles to balance 
the negatively charged particles.  His model showed the atom as a diffuse ball of positive charge 
with negative particles dispersed throughout.   
 

J.J. Thomson’s model is referred to as the “Plum-pudding” Model.  The pudding is the 
positive charge and the raisins are the negatively charged electrons that are scattered throughout 
the positive material.  This model can be compared to a chocolate chip cookie where the cake 
portion of the cookie is like the positive charge and the chips are like the negative particles. 
 
 
Directions    

Study the diagram of J. J. Thomson’s Cathode Ray Experiment below.  Use this diagram 
to answer the following questions. 

 

 
Simple Cathode Ray Schematic 

 
 
_____1. What direction do the cathode rays move when no electric field is applied? 
 

(a) From the positive metal electrode to the negative metal electrode 
(b) From the negative metal electrode to the positive metal electrode  
(c) The cathode rays do not move 
(d) The cathode rays could move in either direction 
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_____2. J. J. Thomson discovered that cathode ray particles carry a negative charge.  

These negatively charged particles are deflected from their straight-line path when 
an electric field is applied.  In the figure above, what is the charge on the lower 
electrode of the applied electric field, B? 

 
(a) positive 
(b) negative 
(c) neutral 
(d) unable to be determined 

 
_____3. How did Thomson determine that the cathode ray particles were a new particle 

and not simply an atom, molecule or ion carrying a negative charge? 
 

(a) The mass/charge ratio (m/e) was equal to the m/e of a hydrogen ion. 
(b) The m/e was higher than any known atom, molecule, or ion. 
(c) The m/e was one thousand times smaller than the m/e for any known 

atom, molecule, or ion. 
 
_____ 4. How would you describe J. J. Thomson’s model of the atom? 
 

(a) An atom is indivisible. 
(b) The atom is composed of only negatively charged particles. 
(c) The atom is composed of a positive core with negatively charged particles 

orbiting the positive core. 
(d) The atom is composed of diffuse ball of positive charge with negative 

particles dispersed throughout. 
 
5. Draw a picture of Thomson’s Model of the atom below. 
 
 
 
 


