TAP 103- 2: Current and charge in electron beams

Watching television

Every time you watch a conventional television you are seeing light given out as a fine beam of electrons hits the phosphor on the screen. The beam scans in rows to build up the picture. The beam is accelerated by a potential difference, and because the charged electrons are moving it is also an electric current. This demonstration is a chance to see how electron beams work, in something simpler than a television set.

Requirements

· electron deflection tube

· 2 EHT power supplies, 0–5 kV dc, or 1 EHT and 1 HT supply with SPECIAL LEADS (see later)

· 2 demonstration digital multimeters

· leads, 4 mm  
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	Wire carefully, no bare conductors, even for heater connections.

If an HT supply is used, the leads must use 4mm plugs with shrouds to prevent accidental contact.

Shrouded leads and the large protective resistor are in use to prevent dangerous currents passing though humans.

The 5 kV supply used must be an educational type with an output current limited to less than 5 mA.



Electron charges in motion in a vacuum

One simple demonstration tube uses a pair of deflection plates in the path of fast moving electrons. A metal filament (cathode) is heated to white heat. Electrons boil out of the heated filament, and then they can be made to travel across the tube. To do so they have to be pulled away from the filament as a result of the potential difference between it and a nearby plate, the anode. The anode has a hole in it, and some electrons go through the hole and travel across the tube. The plate in the tube is coated with phosphor and may glow blue or green.
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The potential difference (or strictly the electric field) between cathode and anode which accelerates the electrons has to be quite large (a pd of several kV). As it is increased, the energy given to the electrons increases and the phosphor glows more brightly. The anode must be positive. If it is negative, no electrons are pulled from the region near the heated cathode. This helps to show that electrons themselves are negatively charged.
If the 5 kV supply is connected across the plates the electrons are deflected. This is further evidence that they are charged. This deflection shows up as a curve on the phosphor coated plate.
Note that the heater connections will be thousands of volts below earth potential and that the resistors must be enclosed to prevent accidental contact.

You have seen that

1.
Electrons can be 'boiled off' a heated metal.

2.
Electrons have a negative charge, and repel one another.

3.
Electrons can be accelerated by a potential difference, to form a beam of moving charges.

4.
A beam of moving electrons is an electric current.

5.
The moving electrons in a beam transfer energy (power = current  potential difference).

Practical advice

This demonstration shows how electron currents can be made to flow through a vacuum tube and show some properties of the beam. These are charge and energy transfer and electric deflection by charge distributions within the tube.

These notes assume an electron deflection tube is used. If this is not available then a Maltese cross tube does just as well.

Start by explaining the action of the electron gun, as the circuit is built up. The filament is run from the standard 6.3 V ac connections on the EHT supply. It glows white hot. 

The thermionic emission from the hot cathode creates a space charge around the filament (electrons 'boil off' the filament and surround it). 

The electrons can be accelerated towards the anode if it is made positive with respect to the cathode. The filament is connected to the negative EHT terminal. Some electrons hit the anode and return to the positive terminal of the EHT supply (usually earthed). This current can be monitored with a milliammeter in the return wire. 

As the pd is increased to a few thousand volts, some electrons travel across the vacuum to hit the screen and make it fluoresce. The larger the potential difference the more the kinetic energy gained by the electrons and the brighter the fluorescent screen glows. 

If the polarity of the EHT is reversed there is no beam or fluorescence at the screen. This diode action shows that the moving charge in the beam is negatively charged. NB: switch the power off before changing the connections to avoid unpleasant shocks.

Electric deflection of the cathode rays is demonstrated by connecting a second EHT supply across the deflection plates.
Technician's note 
The demonstration is more effective in a darkened lab, with control of the room lights as the circuit is built up in stages.
An HT supply (0 to 300V) would be sufficient to show a small deflection but THIS SUPPLY IS MUCH MORE HAZARDOUS. This supply can only be used by a teacher using special leads with shrouded 4mm plugs; it must always be switched off before changing any connections.
Alternative approaches

A variety of vacuum tubes could suit this purpose. If the demonstration is performed with a Maltese cross tube, the filament glows white hot, casting a shadow of the cross on the front of the tube (light travels in straight lines), the electron beam also casts a linear shadow, corresponding to the light shadow, showing that the electrons also travel in straight lines here.

Electric deflection of the cathode rays is easily demonstrated by turning down the EHT and disconnecting the cross from the anode. By letting it float electrically the incoming electron beam will start to charge the cross negatively and to repel the electrons in the beam. The fluorescent Maltese Cross shadow swells to the form of a four-leaf clover, but the light shadow remains unaffected. The effect becomes greater as the gun voltage is increased and the cross charges to a higher equilibrium potential with more charge on it.

A variety of vacuum tubes could suit this purpose. If the demonstration is performed with a deflection tube, a separate voltage source will be required to run the deflecting plates. The fine beam tube although giving the opportunity to visualise the beam through low pressure gas ionisation, cannot easily show electric deflection. Magnetic deflection of the beam is premature at this stage. 
Social and human context

The electron was discovered little more than a hundred years ago. In those four generations, it has become a working tool in many new technologies, notably information and communication technology. But it also remains one of the fundamental particles of matter, whose quantum behaviour also helps determine the differences between chemical elements and compounds. Used in electron microscopes, electrons help us to picture matter on very small scales.

External references
This activity is taken from Advancing Physics Chapter 2, 20D
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