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SPH4U: Fields  

Wien Filters 

In 1897, while working with cathode ray tubes, J.J. Thompson discovered a flow of negatively charged 

particles, that would later be called electrons. A year later, Wilhelm Wein best known for his work in 

heat and electromagnetism, developed a device that uses both electric and magnetic fields to select 

particles based on their velocity. His work focused on the deflection of positive charges due to these 

two types of fields. Later, J.J. Thompson adapted Wein’s set up, however he added an oscilloscope-like 

screen at the end of the tube that would fluoresce when struck by the rays. Below is a simplified 

representation of these experiments.  

 

Draw the path that the charge (+𝑞) would trace based upon each type of field (consider them 

independently for now).  

The potential difference between the plates could be adjusted in order to cause the two deflection to 

negate each other. That is the magnitude of the Lorentz force (𝐹𝑀) would be equal to the electric force 

(𝐹𝐸). When this occurs, only charges that are moving at a specific velocity will travel straight through 

the plates.  

𝐹𝑀 = 𝐹𝐸  
𝑞𝑣𝐵𝑠𝑖𝑛(𝜃) = 𝑞𝜀 

𝑣 =
𝜀

𝐵
 

J.J. Thompson investigated this fact further and wanted to find a relationship between the mass and 

charge of a particle. In the absence of a magnetic field the charged particle will experience a circular 

path, given by 

𝐹𝑀 = 𝐹𝑐 

𝑞𝑣𝐵 =
𝑚𝑣2

𝑟
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Using the above relationship for particles that travel unaffected through the plates, you can see that,  

𝑞

𝑚
=

𝜀

𝐵2𝑟
 

For an electron, this ratio of charge to mass, to three significant digits is,  

𝑒

𝑚
= 1.76 × 1011

𝐶

𝑘𝑔
 

A few years later, when Millikan measured the charge on an electron (1.602 × 10−19𝐶), it became 

apparent that the mass of an electron is 9.11 × 10−31𝑘𝑔.  

 

These results led to the development of mass spectroscopy, which utilizes the velocity selector to 

accurately measure the mass of charged particles. Below is a simplified representation of a mass 

spectrometer.  

 

Sample Problems:  

1. A particular Wien filter has a stream of positive muons passes through it at 0.25 𝑐. A magnetic 

field of 5.5 𝑇 exists between the plates. The plates are separated by 2.4 𝑚𝑚. What is the 

potential difference must exist between the plates?  

2. A positive ion, having a charge of 3.20 × 10−19𝐶, enters at the extreme left of a set of parallel 

plates used as a particle accelerator.  

a. If the potential difference across the sample accelerator is 1.20 × 103 𝑉, what is the 

kinetic energy of the plates as it leaves through the hole on the right of the plate?  

b. The selector plates are separated by 12.0 𝑚𝑚 and have an electric potential difference 

across them of 360.0 𝑉. If a magnetic field of strength 0.100 𝑇 is applied at right angles 

to the electric field, what is the speed of the particle that will be “selected” to pass on to 

the mass spectrometer?  

c. When the particles then enter the mass spectrometer, which shares a magnetic field 

with the velocity selector, the radius of the resulting circular path followed by the 

particles is 6.26 𝑐𝑚. What is the mass of the charged particles?  
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