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SPH 4U Lab: The Mass of an Electron

Backeround:

An electron, initially at rest, accelerates in an electric field and acquires kinetic
energy equal to the product of its charge and the potential difference through which it
moves; 'h mv2=qV. If the electron with velocity v then moves through a uniform
magnetic field perpendicular to its direction of motion, the field exerts a centripetal force
perpendicular to the electron's motion and the direction of the field. This force depends
on the magneticfield strength,B, thechargeon the electronand its speed: F =Bqv (1).
The electron follows a circular path of radius r, given by:

Equating (1) and (2) for the magnetic force gives:

v=Bqr / m or v2=B2q2 r2/ m2 (3)

Substituting (31 into the initial relationshipthat discusses the kinetic energy of the
electron;'h mv = qV, givesa formulaforfindingthe massof an electron:

Instead of using a tube like that described in the text for accelerating and
deflectingelectrons,we shall use a commoncommercialvacuumtube used in tUJlinga
radio. The electronsemittedby the cathodeare acceleratedby the potentialdifference
betweenthe cathodeandanodewithinthe tube. TheymoveradiallyoutWardin a fanlike
beam, reachingtheir maximumvelocityby the time theyemergefrom beneaththe black
metalcap coveringthe centerof thetube. Their speed is approximately constant over
the remainder of the path to the anode.

The anode is coated with a fluorescent material that emits light when the electrons
strike it. Since it is conical in shape, we can see the path the electrons follow as they
move outward from the cathode; when they look straight down from above, the conical
anode slices the electron beam, diagonally, showing the position of the electrons at
different distances from the cathode. Two deflecting electrodes are connected to the
cathode and, with no magnetic field present, they repel electrons moving towards them
from the cathode and form a wedge.shaped shadow behind them.

Whenthe tube is in a uniformmagneticfield parallelto the cathode,the electrons
are deflectedin an almost circularpath as shown by the curvatureof the edge of the
shadow.
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