11/04/02
Junior Lab  - e over m Revisited


(Based on notes from Jack Franklin)

For those who weren’t at this week’s lab and for those who just weren’t listening, we went over the proper way to run the e/m experiment. Let’s refresh ourselves about how the experiment works.


With everything set up correctly, we run a current into the coils to produce a magnetic filed. At the same time we supply a voltage to the anode, thus heating it up and allowing it to release electrons. The electrons enter the B field and are deflected into a circular movement. We can then use the equation for force and energy of the electron:


Force:  

mv2/r=qBv






(1.1)


Energy: 

qVa=(1/2)mv2






(1.2)

Solving for v from the force and subbing it into the energy yields:





e/m=2Va/(r2B2)





(1.3)

Thus we have e/m in terms Va, the accelerating voltage, r, the radius of the circular orbit of the electrons and B, which is determined from the current in the coils and the geometry of the coils. 

Va is easy to measure, we just use the voltmeter.

Similarly, IB, the current through  the coils is read from the ammeter.  (The details relating B to I, the current you measure, see the Red book beside the set-up.)

Measuring r is a bit more troublesome. 

We can determine that distance with the sliding gun-sight.  The sight can be used in two different ways.  The first is to align the “v” notch on the front of the sight, the vertical line on the back of the sight, and the path of the electron. This is done in much the same way that a regular gun sight is used. The other option is to place a mirror behind the experiment. You can then move your head until the path of the electron covers up the image of the path on the mirror.  Then you simply read off the distance from the scale on the mirror.  The second option may be easier to use, but it may give you a greater error value. The first option probably takes longer, but has a much smaller error associated with it.


Now we must ask ourselves how we can improve the experiment. It would be great if we could use the gun-sight but we would like to have the experiment over before we are eligible for social society. How can we have our cake and eat it too? Just don’t move the sight!  We could pick a known distance from the source of the electron.  Then we are not looking for a distance given a current and voltage, but a current and voltage given a distance.  So with a radius set, you can step up the potential voltage from 100 to 250 in values of 25.  All that is left is to determine (experimentally) what current is needed (and therefore what B field) to bring the path of the electron back to our known radius.


Now it would be easy to graph Va vs. B or Va vs. B2 for each value of the radius and get an e/m value for each curve.  I (Dr. J) suggest you try three values of r:  rmax –the maximum value of r possible (note the phosphor limits r), 75% rmax  and 50% rmax.  That should cover the phase space sufficiently.

TIPS:

· Make sure that the gun-sight, glass bulb, and mirror (if used) are all parallel to each other. Otherwise you get an error in the measurement of the radius.

· Use values of the radius that will give you the greatest range without error from plasma effects. I sudjust a diameter of half, three-fourths, and full size of the bulb.

· Make sure to take many measurements of the starting position of the gun-sight. You should be able to do this easily enough. Once it is known, make sure that you take great care not to move the sight or you will have to start all over.

· As always, make sure to take enough data so your values will be statistically meaningful. 

· We set up the voltage and look for current (not the other way around) because we know that the filament is safe at those voltages.

· When tuning for the needed current, change the voltage of the current source and not the current itself. This allows the source to be current limited so we don’t blow anything up.

· Be sure to answer all the questions on the first handout in your lab write up.

· ABOVE ALL: BE SURE THAT THE FILAMENT DOES NOT OVER HEAT!!!!!!!
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