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 The charge-to-mass ratio of an electron 

was measured using a method similar to 

that used by J.J. Thomson (1987). An 

electron gun generated and accelerated a 

beam of electrons inside a helium filled 

vacuum tube. The tube was surrounded by 

a Helmholtz coil that produced a magnetic 

field curving the electron beam into a 

circular path. By measuring the current 

through the Helmholtz coil, voltage across 

the electron gun and diameter of electron 

path, the charge-to-mass ratio of the 
electron was calculated.  

By using various methods to measure the 

diameter of the path (visual versus laser), 

values were found between 7% and 0.8% of 

the accepted value. 

Influence of several additional factors on 

the final result was determined:, and 
precision limits in visual measurements.  

The significant progress in the accuracy of the measurements 

demonstrates the drastic range of results which this experiment 

can produce; several factors played key roles in the 

improvements. The only problem with laser alignment  is the 

amount of time it takes to accurately line up the lasers. This can 

be fixed by creating an additional mounting system which would 

expedite the alignment process. Additionally, it is concluded that 

more measurements with different conditions are necessary to 

determine the most accurate system values for voltage and 

current.  
 

An average percent error as 

low as 0.74% was obtained 

which can be attributed to 

using the laser alignment 

method, and it was shown that 

it does demonstrate a marked 

increase in accuracy for all 

group members.  

Several experiments were performed using different methods and initial settings to measure 

diameter of the electron’s path:  visual detection, red or green LED lasers detection, different 

values of accelerating voltage and coil’s current (high versus low for both) and precision limits in 

visual measurements. Results are summarized in the Tables below. 

  

The velocity can be found based off the accelerating potential, V, by the formula:  

𝑣=(2𝑒𝑉/𝑚) 2 

The strength of the magnetic field can also be found by the formula:  

𝐵=(𝑁𝜇 0𝐼)/{√(5/4)
3𝑎 }  

Where N is the number of turns in the coil, 𝜇0 is the magnetic permeability of free 

space, a is the radius of the Helmholtz coil, and I is the current passing through the 

coil. Finally, this allows the charge to mass ratio to be represented by the formula:  

𝑒/𝑚={2𝑉(5/4)3 𝑎2}/(𝑁𝜇 0𝐼𝑟) 
2  

The accepted value for the charge to mass ratio is 1.7588x1011 (C/kg).  

  

Figure 1 

Table 1: Standard Procedure Table 2: Added lasers for better 

accuracy with beam radius, one 

trial as with the brighter green 

laser as indicated by highlight, the 

rest were measured with the red 
lasers  

Table 3: Using red lasers, 

holding accelerating 

voltage constant while 

varying the Helmholtz 

coil current. Accelerating 
voltage at lower end.  

Table 4: Using red lasers, 

holding accelerating voltage 

constant while varying the 

Helmholtz coil current. 

Accelerating voltage at upper 
end. 

Table 5: The final averages using equation 4 for each of the 
tables above 

A beam of electrons is accelerated through a known potential in the electron gun so 

the velocity of the electrons is known. The beam passes through a magnetic field 

produced by a Helmholtz coil that exerts a force on the moving particles according to 

the formula 𝐹𝑚=𝑒𝑣𝐵 where e is the charge on the electron, v is the velocity and B is 

the magnetic field strength. This force can also be related to the mass of the electron 

(m) by using the equation of centripetal force for an object moving in a circular path: 

𝐹=𝑚𝑣2/𝑟, where r is radius of the circular motion. Setting these two equations equal, 

we can find an equation for the charge to mass ratio:  𝑒/𝑚=𝑣/𝐵𝑟 
 
 

Trial  Helmholtz 

Voltage  

Helmholtz 

Current  

Accelerating 

Voltage  

Radius of 

Beam 

(cm)  

% Error  

1  7.5  1.526  300  5.0  3.51  

2  7.5  1.526  275  4.8  4  

3  7.5  1.519  250  4.6  4.1  

4  7.5  1.519  225  4.3  1.2  

5  7.5  1.519  200  4.1  3.4  

Trial  HH 

Voltage  

HH 

Current  

Acceler

ating 

Voltage  

Beam 

Radius 

(cm)  

% Error  

1  7.5  1.516  301  4.9  0.087  

2  7.5  1.494  275  4.8  0.54  

3  7.5  1.402  250  4.6  0.41  

4  7.5  1.397  225  4.68  1.23  

5  7.5  1.402  225  4.65  0.87  

6  7.5  1.399  225  5.65  0.3  

7  7.5  1.398  201  4.45  2.19  

  

  

Trial  HH 

Voltage  

HH 

Current  

Accelerating 

Voltage  

Beam 

Radius 

(cm)  

% 

Error  

1  7.5  1.184  201  5.15  1.23  

2  7.5  1.131  201  4.7  0.716  

3  7.5  1.407  201  4.35  0.473  

4  7.5  1.502  201  4.1  0.755  

5  7.5  1.597  202  3.85  0.0552  

6  7.5  1.699  202  3.65  1.645  

Trial  HH 

Voltage  

HH 

Current  

Accelerating 

Voltage  

Beam 

Radius 

(cm)  

% Error  

1  8.4  1.905  300  4.05  1.66  

2  8.4  1.809  301  4.2  2.364  

3  8.4  1.703  301  4.5  4.031  

4  8.4  1.606  301  4.8  5.155  

5  8.4  1.505  301  4.95  1.555  

                         Average Result ((C/kg) Average Error (%)  

Table 2 (w/o grn laser)  1.746E11  0.74  

Table 2 (with grn laser)  1.745E11  0.81  

Table 3  1.745E11  0.812  

Table 4  1.707E11  2.94  

FIG. 1 Schematic of e/m Apparatus 

used (PASCO SE-9638) 

FIG. 2 Electron beam (light blue ring), red laser, 

and green laser, both aimed through the bulb to 

prepare for alignment 


