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In the last lab you learned about Helmholtz Coils and how their magnetic field is fairly 
uniform between the coils. In the e/m Ratio Lab, you will measure the ratio of the charge 
of the electron to the mass of the electron, e/m. The e/m ratio was first measured by J. 
J. Thomson in 1897. This was an important discovery since it showed that the atom is 
composed of subatomic particles. (In 1906 Robert Millikan was able to determine the 
charge of the electron from the Millikan Oil Drop Experiment.) 

Let’s review from last week. Recall that you measured the magnetic field due to a 
Helmholtz Coil where both currents were in the same direction (as in this lab). You 
measured the magnetic field axially and transverse to the axis as shown in Figure 1. 
The magnetic field depends on the radii of the coils, the number of turns in the coils, 
and the current in the coils.  
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Figure 1. Magnetic Field Measurements of a Helmholtz Coil 

In the e/m ratio lab, you will use a Helmholtz Coil to create a magnetic field where an 
electron beam will pass through it. As seen in Figure 2, the electron beam comes out of 
the electron gun in the direction denoted with the yellow arrow. You will see how the 
motion of the electrons changes as the magnetic field changes and the velocity of the 
electrons change. A charge that is moving perpendicularly to a magnetic field will 



 
Figure 2. e/m ratio apparatus. The yellow arrow indicates the direction of the electrons out of 

the electron gun. The axial magnetic field causes a Lorentz force on the electrons such that they 
deflect. 

 

experience a force on it that is in a direction perpendicular to both the magnetic field 
and the velocity of the charge. This force is called the Lorentz Force and is given by: 

�⃗�𝐹 = 𝑞𝑞�⃗�𝑣 × 𝐵𝐵�⃗  

where q is the charge, v is the velocity, and B is the magnetic field. The magnetic field in 
the direction of the yellow arrow (transverse direction) does not cause the electrons to 
be deflected because the magnetic field and velocity are in the same directions (sin 0° 
=0). The axial magnetic field (into the page) causes the electrons to deflect upwards 
due to the Lorentz force. 

 



 
Figure 3. An electron enters a magnetic field with velocity v and is deflected perpendicularly due to the 

Lorentz force. 

Given the appropriate velocity of an electron and magnetic field where the velocity and 
magnetic field are perpendicular to each other, an electron will move in a circular path 
due to the perpendicular Lorentz force. The charge will move in a circle of radius r and 
is thus a centripetal force Fc where 

𝐹𝐹𝐶𝐶 = 𝑚𝑚𝑣𝑣2

𝑟𝑟
. 

m is the mass of the charge. Follow the derivation for the charge-to-mass ratio given in 
your lab manual (Equation (16)).1 

 

Mass spectrometry is an area that uses similar principles to what J. J. Thomson used to 
study chemical species in materials. By accelerating ions at a given voltage, a magnetic 
field can be used to separate ions of varying mass. The spectra are plotted as a 
function of the mass-to-charge ratio.2 

Directing a beam of electrons or other charged particles by using electric and magnetic 
fields is important in medicine and in materials research. For example, a free electron 
laser accelerates free electrons at close to the speed of light.3 An undulator or wiggler, 
as shown in Figure 4, which is a series of dipole magnets where the electrons will 
oscillate (Use your right hand rule and confirm this.) and thus produce radiation. The 
terminology (undulator/wiggler) depends on whether the radiation is broad band or not.4 
The light produced from the relativistic electrons can be tuned and used to study  

 



 
Figure 4. A series of dipole magnets that oscillates electrons as they travel down the path. 

materials. In medical treatment, a cyclotron accelerates protons at high energies using a 
constant magnetic field and a constant electric field.5 The protons are used in proton 
therapy to irradiate cancer.6 

 

Questions: 

1. What is the calculated radius of an electron beam when the accelerating voltage 
is 150 V and the coil current is 1.3 A with the setup that we are using in lab? 

2. What may cause your experimental values to differ from the calculated values? 
(Pay attention to your experimental values during the lab and see if there is a 
trend.) 

Notes to remember during the experiment: 

1. Make sure that all of your knobs are turned fully counterclockwise before you turn 
on your equipment. 

2. Make sure that your knob is on the “6” setting. 

 
 



3. Make sure that your connections from the power supplies to the e/m ratio 
apparatus are correct. The low voltage power supply runs to the Helmholtz coils 
(A blue cord connects the 2 coils in series so that their currents run in the same 
direction.).  

 

 
 
 
 
 
 
 
 



4. The filament voltage is controlled by the yellow cords from the AC voltage. The 
accelerating voltage is controlled by the high voltage supply as shown below. 

 
5. Do not exceed 200 V! This is as high of accelerating voltage as you should go or 

you may damage the e/m tube (bulb). The lab manual is written for another 
apparatus (Do not go to 300V!). Just do as many measurements as you can. You 
can add extra currents to lower voltages if needed. For example you can use 115 
V and 130 V instead of 250 V and 300 V. (Or follow the newer version of the lab 
writeup that you were given.) 

6. Keep the current less than 2 A (Low Voltage Power Supply). 
7. The e/m tube is filled with 0.1 Pa helium. 
8. The radius of the Helmholtz coils is 15.8 cm (0.158 m), and there are 130 turns 

per coil. Adjust your number in your Excel spreadsheet given in the lab manual 
for the radius of the coils or follow the Excel spreadsheet given in the updated 
version. 

9. The voltage to the heater of the electron gun should NEVER exceed 6.3 V. 
Higher voltages will burn out the filament and destroy the e/m tube. (Leave the 
knob on 6.) 

10. You may have to wait several minutes for the filament to heat up.  
11. If the beam is a spiral, you may need to rotate the bulb slightly. 
12. When you measure the radius r of the electron beam, you will need to move your 

head to avoid parallax errors. Move your head such that the electron beam in the 
tube and its reflection are aligned on the mirrored scale. Measure the radius on 
both sides of the center and take the average as your result. You can also adjust 
the height of the ruler so that it is centered on your electron beam circle. 
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