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The e/m Apparatus

You can use the Helmholtz coils to make a quick calculation of the charge/mass ratio for the electron. We’ll give you some formulae, but you need to work out the final equation for the ratio, and then carry out some measurements.

Some equations

The coils are used to provide a consistent linear magnetic field, running perpendicular to the coils. The electron beam is projected into this field, and is therefore perpendicular to the field lines.

The equation for the magnetic field B generated by coils with N turns and radius R, and through which flows current I is:
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The electron beam is moving in a circle (once you’ve set the appropriate voltage and current). We know that for circular motion, the magnitude of the centripetal force acting on an object of mass m with (tangential) velocity v is:
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where r is the radius of the circle.

We also know from a previous sheet that the magnitude of the force acting on the electrons, due to the magnetic field B is:
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where e is the charge on the electron.

Use these two equations to work out an expression for the velocity v of the electrons.

2) We know that (as long the speeds aren’t too high, so relativity isn’t important), the kinetic energy imparted to an electron when it’s accelerated through a voltage V is
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Rearrange this to get an equation in v2, then substitute your previous equation, and rearrange to get an equation of the form
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There’s space on the next page for calculations. If you have problems, we’ll help…

Some space to work out a formula…

Using the apparatus

Your equation should have the variables B, V and r on the right hand side (and everything else will just be constants).

And B can be worked out in terms of I, from the first equation over the page.

So, at last we have a way of taking measurements of the radius of the electron circle  for given values of current and voltage, and directly calculating e/m.

For, say, three voltage levels V, find values for I which give you easily measurable circle radii (where the beam cuts the calibrated horizontal rod).

To help you work out B, the coils for our apparatus have 130 turns, and radius 15 cm.
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Compare your results with the actual value: e = –1.602(10–19 C; me = 9.12(10–31 kg

Why might your measurements be affected by the position of the apparatus? Or your location on Earth?
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