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FORCE ON ELECTRON IN MAGNETIC FIELD 

 

■ Consider an  electron of charge “e” moving in a direction 

perpendicular to an  uniform magnetic field “B” with a velocity “v”.   

 

■ Let t be the time of flight of an electron in a magnetic field. l is the 

distance travelled by an electron in a magnetic field.  

 

■ Electron moving through a distance l, is treated as conductor of 

length l, then force on it is F =e(vxB) 

 

■ The direction of the force will be perpendicular to the plane 

containing B and v.  

■ The  electron moves in circular orbit in the magnetic field. 
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FORCE ON ELECTRON IN ELECTRIC FIELD 
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 If electron of charge “e” is moving with a velocity v parallel to the 

direction of electric field it gets accelerated as force F acts on it. The 

direction of the force is opposite to that of field.  

 

 When the electron enters the electric field with a velocity ”v”  

perpendicular to the field direction then the electron deviates from its 

path and travels along the parabolic path.  

 

 The force on the electron = eE where, E is the electric field .  

 



|  Optics & Spectroscopy- Electron 

CONCEPTUAL QUESTIONS 
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1. How can the motion of a charged particle be used to distinguish 

between a magnetic and an electric field? 

2. A charged particle moves in a gravity-free space without the change in 

velocity. Which of the following is/are possible 

       1. B=0,  E=0        2. B≠0,  E=0        3. B=0,  E≠0        4. B≠0,  E≠0   

3.   If a cosmic ray proton approaches the earth from outer space along a    

      line toward the centre of the earth that lies in the plane of the equator, in   

      what direction will it be deflected by the earth’s magnetic field? 
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J J THOMSON’S METHOD OF DETERMINING E/M OF THE ELECTRON 
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Sir Joseph John Thomson was  a British physicist 

and Nobel Laureate in Physics(1906). 

 

His research in cathode  ray led to the discovery of 

electron.  

 

He devised better equipment and methods to find 

the  ratio of the charge to the mass  of the electron. 

    

 

Principle: e/m (specific charge) of an electron can be determined by subjecting 

a narrow beam of cathode rays (cathode rays are stream of electrons) to 

electric and magnetic fields. Both electric and magnetic fields should be 

perpendicular to each other and also to the direction of motion of the electron.
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EXPERIMENTAL ARRANGEMENT 
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Thomson’s apparatus consists of evacuated discharge tube as shown in 

the figure. The cathode rays emitted by the surface of the cathode ( C ) 

should be reduced to a narrow beam by passing them through fine slits in 

the anode (A ). The cathode ray particle (electron) is accelerated between 

C and A. It passes through the slit and incident on the screen SS’  having 

phosphorescent coating. On the path of the cathode ray, electric and 

magnetic fields are setup in the region of length l. Electric field is produced 

by maintaining high potential difference across two horizontal plates D and 

E. The magnetic field is produced by an electromagnet (MM). The direction 

of the magnetic field (B) is perpendicular to the plane of the diagram. 
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THOMSON’S METHOD- Theory  

3-Apr-2020 Shruthi N 7 

When the electron moving with a velocity (v) enters the magnetic 

field (B), it experiences radial force of magnitude Bev. 

 

 Due to this force, electron moves in a circular arc(OA) of radius r.  

 

The centripetal force ( =
mv2

r
) for the circular motion is provided by 

the applied magnetic field. 

 

Therefore,   
mv2

r
= Bev      

 

e/m = v/Br -----------(1) 

 
 

 

 



|  Optics & Spectroscopy- Electron 

THOMSON’S METHOD- Theory  
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To find radius of the circular path: 

 

■ ∠OCA =   ∠SQS’ = θ 

■ From the right angled ∆ OCM          

  tan  θ = OM/OC = l /r ---------(2) 

■ From the right angled ∆ SQS’           

  tan θ = SS’/ QS = y/L----------(3) 

■ From (2) and (3), we get                    

  l/r = y/L 

           r = l L/y ------------(4) 
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THOMSON’S METHOD- Theory   

To find v 

After obtaining the deflections (y) due to the magnetic field in vertical 

direction, electric field is switched on. Adjusting the potential difference 

between plates D and E the spot is again brought to the same point S on the 

screen. Hence force due to the magnetic field should be equal to force due 

to electric field. 

■ Bev = Ee        v = E/B      

■ But electric field E = V/d, where V is the potential difference between D 

and E and d is the distance between the plates. 

■  e/m of the electron should be 

                                        
𝑒

𝑚
=

v

rB
=

𝑉𝑦

𝑑𝑙𝐿𝐵𝐵
=

𝑉𝑦

𝐵2
×

1

𝑑𝑙𝐿
 

Let K = 1 /dlL  is called tube constant.  Therefore  
𝑒

𝑚
= 𝐾

𝑉𝑦

𝐵2
 

The value of e/m was found to be 1.759 x 1011 C Kg-1  

 

 

■   
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THANK YOU 

 


