
Thomson’s experiment 

 
Towards the end of the 19th century scientists started making discoveries that disproved the theory of 

indivisibility of the atom. 

In 1887 J. J. Thomson, a British physicist, studied the conduction of electricity through glass tubes (cathode 

tubes). 

 He made a tube with a fluorescent screen  at one end and the best vacuum he could make.  When a voltage 

was applied to the electrodes, a beam flowed from the negatively charged electrode, called the cathode. That 

beam, or cathode ray, passed through a slit and followed on in a straight line.  He then placed positive and 

negative plates in the middle of the tube in order to create an electric field that could deflect the beam. When 

the electric field was switched on around the tube, the ray was deflected towards the positive pole of the 

field, thus demonstrating that the cathode ray was made up of negatively charged particles.  

With further experiments Thomson demonstrated that these particles were light and identical, having the 

same mass and charge regardless of the material of the cathode. These  particles were named electrons. 

As atoms were known to be electrically neutral, , in 1904 Thomson claimed the theory that atoms were 

positively charged spheres with negatively charged electrons embedded in them, like raisins in plum-

pudding. Nowadays this model for the atom is known as the plum-pudding model. 

 

 

Rutherford’s experiment 

  

The plum pudding model proposed by J. Thomson in 1904  was the prevailing theory on the structure of the 

atom until it was disproved by Ernest Rutherford in his analysis of the gold foil experiment in 1910 

Rutherford, who was an expert in alpha particles (now we know that alpha particles are made up of 2 protons 

and 2 neutrons, the Helium nucleus), wanted to verify the correctness of Thomson’s model. 

In his experiment Rutherford used a lead box, a source of alpha particles, a lead sheet with a slit, a thin gold 

foil and a movable detector which had a microscope and a fluorescent screen coated with zinc sulfide. The 

whole experiment set up was placed in an evacuated chamber to prevent scattering by the air molecules. 



 

 

Top: Expected results: alpha particles passing through the plum pudding model of the atom undisturbed. 

Bottom: Observed results: a small portion of the particles were deflected, indicating a small, concentrated 

positive charge. Note that the image is not to scale; in reality the nucleus is vastly smaller than the electron 

shell. 

Rutherford's experiment consisted of a beam of alpha particles, generated by the radioactive decay of radium, 

directed normally onto a sheet of very thin gold foil in an evacuated chamber. A zinc sulfide screen at the 

focus of a microscope was used as a detector; the screen and microscope could be swiveled around the foil to 

observe particles deflected at any given angle. Under the prevailing plum pudding model, the alpha particles 

should all have been deflected by, at most, a few degrees; measuring the pattern of scattered particles was 

expected to provide information about the distribution of charge within the atom. However, the actual results 

surprised Rutherford. Although many of the alpha particles did pass through as expected, many others were 

deflected at small angles while others were reflected back to the alpha source. He  observed that a very small 

percentage of particles were deflected through angles much larger than 90 degrees 

The data generated from the gold foil experiment demonstrated that the plum pudding model of the atom was 

incorrect. The fact that some of the alpha particles were deflected or reflected meant that the atom had a 

concentrated centre of positive charge and of relatively large mass. The alpha particles had either hit the 

positive centre directly or passed by it close enough to be affected by its positive charge. Since many other 

particles passed through the gold foil, the positive centre would have to be a relatively small size compared 

to the rest of the atom - meaning that the atom is mostly open space. 

Because the majority of the positive particles continued on their original path unmoved, Rutherford was 

forced to conclude that most of the remainder of the atom was a region of very low density. A great deal of 

charge was also associated with the central region of high density. Rutherford hypothesized that these two 

properties resided in the same physical structure and termed his discovery "the central charge", a region later 

named the nucleus. Thus the current view of the nuclear atom - a structure with a positively charged centre 

(nucleus) of high density and negatively charged electron particles moving around the nucleus at relatively 

large distances compared to the nuclear radius - was created. 
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