4 November, 2002
Junior Lab

Cathode Rays  — The e/m Experiment (revisited)
After playing around with the Cathode Rays setup I found that I could get it to operate it sufficiently well to use the vertical gun rather than the horizontal one.  This means that, rather than measuring deflections of the electron beam on the phosphor, you can measure radii of circular orbits as described in the original "procedure".  

The "new" operating conditions of filament are: if=0.35 A, which requires vf of about 7.5 V.  Recall that the resistance of the filament is very temperature dependent (the filament's temperature varies from 25 to about 1,000 oC).  So don't just turn the voltage up to 7.5 Volts,  - this will blow the fuse!.  Instead increase vf  until if is about 0.3 A, then let the filament equilibrate.  The current drops with time right? Why?  Repeat this, only this time increase vf until if is about 0.35 A.  Repeat this until the equilibrium if is 0.35 A.  You should find that vf is about 7.5 Volts.  These filament conditions will provide enough electron-beam current to illuminate the beam path sufficiently.  

Play with the anode voltage, VA, and Helmholtz-coil current, iB, to explore how the circular path is affected by each.  Keep VA between about 100 to 250 Volts.  Make sure that the anode current IA stays below about 15 mA at all times.  Otherwise the anode assembly can get very hot (250 Volts times 15 mA is 3.75 Watts) and this is very bad for the apparatus.  I did not find that voltage to the deflector plates improved the sharpness or intensity of the beam, so I have connected the deflector plate to the anode.  Also keep iB below about 1 A.

In playing with the circular path you will find that very odd things happen for low-energy small-radius beams.  For example, for certain conditions the part of the circular path away from the gun may "disappear" while the path before and after is illuminated normally.  Such a "dark" region is probably due to plasma effects.  Also you may find that slowly sweeping either VA or iB that the radius of the orbit changes discontinuously.  Typically this is most pronounced when you expand the beam.  This to happens because of plasma effects within the tube.  

While these plasma effects are quite interesting it is not part of the lab to study them, rather it is important to make sure that these sort of effects are not affecting your measurements of e/m.  To this end it is important to make measurements for large orbits, i.e., where the diameter of the orbit is greater than the radius of the bulb itself.  I recommend using the following procedure to get data.  

Select an appropriate orbit radius and determine the values of iB for which this radius remains unchanged for a selection of VA of say, 125, 150, 175, 200, 225 and 250 Volts.  Repeat this for several other orbit radii.  Then by plotting each set of data for each radius appropriately you can determine the value of e/m.
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