
FYSP105 / 1  ELECTRON IN MAGNETIC FIELD 

1 Introduction 

In this laboratory work you’ll study the motion of electrons in a (almost) uniform 

magnetic field in order to define the nominal charge e/m of an electron. To estimate the 

validity of results (error analysis) you have to examine throughout various sources 

(read out, statistical and systematic) of errors. 

The subject is well covered in the basic literature: 

 Randall D. Knight, Physics for Scientists and Engineer, A Strategic Approach, 

2
nd

 edition, chapters 33.2 and 33.7. 

 Young & Freedman, University Physics, 11
th

 ed., Chapters 27.2 and  27.4 

 Ohanian, Chapters 30 and 31  

 Alonso-Finn, Vol. 2, pages 494 - 504.  

 

2 Charged particle in a uniform magnetic field 

Assuming that a charged particle (electron, charge e) moves along a circular path 

(radius r) in a uniform magnetic field B  perpendicular to B and with initial velocity 

given by an electric potential (difference) U, derive in the theory part of your report the 

formula giving the nominal charge: 
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Assume that the velocity is well below the speed of light. Estimate how good this 

assumption is. 

Home work: A resistor is coupled to a voltage source. The voltage was varied, and the 

current was measured. The results are in the table besides. Calculate the values of 

resistance for each (current, voltage) pair and the resistance using statistical analysis. 
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Determine the resistance also via the graphical analysis. Compare the results? What do 

you observe and how do you explain your observations. 

3 Equipment 

The electrons are accelerated and move inside a spherical cathode-ray tube placed in an 

approximately uniform magnetic field created by two Helmholtz coils (Fig. 1). The 

Helmholtz coils are studied in detail in exercise FYS105/K2. Fig. 2 shows the 

cathode-ray tube: inside the class sphere there is an electron gun (accelerating 

electrodes with their couplings) and a scale meant to be used to define the radius of the 

path of the electron beam. 

 

Figure 1. Cathode-ray tube inside Helmholtz’s coils 

 

Figure 2. Cathode-ray tube.  The glass sphere is filled with a noble gas (pressure ca. 1 Pa). The 

electrons excite gas atoms which by de-excitation emit light indicating the track of the beam. 
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The magnetic field B0 in the middle of the axis of the coils (FYSP105/K2) is  
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where 0 is vacuum permeability, N turns in one coil, R radius of coils, a is a half of the 

distance between the coils and I current of coils. 

Although you’ll derive eq. (1) in FYSP105/K2, give here a reference and arguments 

why a one point approximation is valid for the magnetic field B.   

4 Measurements, results and analysis 

The equipment of the exercise is ready mounted. Study the couplings carefully using 

the notes and manuals given. Carry out at two series of non-identical measurements so 

that in the first one you vary accelerating voltage (and keep the magnetic field constant) 

and in the second vice versa. Try to get in both series as many data points as possible 

(for ex. 10) so that statistics is enough for data analysis.   

With one of the (U, B) values monitor the track of the beam at different angles of the 

beam around the longitudinal axis of the electron gun.  In your report, work out the 

formulae needed to analyse the results and verify them at least qualitatively. How does 

the change in the angle affect to the path of electrons? 

There are several methods to define e/m using your results. There is something in the 

setup that causes systematic error to the results. To eliminate the systematic error, a 

graphical analysis is needed (see the home work). Plot your data so that the dependence 

between the radius and accelerating voltage (magnetic field is revealed). In other words, 

draw graphs, where axes are (r
2
, U) and (r

-1
, I). From the slopes you can calculate the 

ratio e/m. What advantage do you get from this choice? Compare your results to the 

“theoretical” value of e/m and try to find the source of systematic error. Possible 

sources for systematic error are for example determination of accelerating voltage, 

measurement of current determining the magnetic field and determination of the radius 

of electron path and the geometry of the Helmholtz coils. What is the source of 

systematic error? Give your estimate for this error and correct your results for this error. 
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Determine your final value for e/m from different measurement series. Compare the 

results with each other and to the value found in literature. 

 


