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Cathode Ray Tube


                                                                                                                 Student's guide


Introduction

The Cathode Ray Tube or Braun’s Tube was invented by the German physicist Karl Ferdinand Braun in 1897 and was used in computer monitors, TV sets and oscilloscope tubes. The path of the electrons in the tube filled with a low pressure rare gas can be observed in a darkened room as a trace of light. Electron beam deflection can be effected by means of either an electrical or a magnetic field.

Principle

· The source of the electron beam is the electron gun, which produces a stream of electrons through thermo-ionic emission at the heated cathode and focuses it into a thin beam by the control grid (or “Wehnelt cylinder”).

· A strong electric field between cathode and anode accelerates the electrons, before they leave the electron gun through a small hole in the anode.

· The electron beam can be deflected by a capacitor or coils in a way which causes it to display an image on the screen. The image may represent electrical waveforms (oscilloscope), pictures (television, computer monitor), echoes of aircraft detected by radar etc.

· When electrons strike the fluorescent screen, light is emitted. 

· The whole configuration is placed in a vacuum tube to avoid collisions between electrons and gas molecules of the air, which would attenuate the beam.
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Safety precautions

· Don’t touch cathode ray tube and cables during operation, voltages of 300 V are used in this experiment!

· Do not exert mechanical force on the tube, danger of implosions!

Experimental procedure

· Set the voltage of the auxiliary anode  to  10 V  using the first knob on the dc power supply

· Set the voltage of  the anode to about  30…50 V  using the second knob on the dc power supply

· Use the third knob to intensify the beam (200…300 V)

· Modulate the voltage of the anode and the auxiliary anode to get a sharp beam (knob 1+2)

· Switch on the Braun’s tube operation unit

· Build up a time base by increasing frequency and amplitude

Classical experiments
1. We can change the horizontal position of the light spot by adding a tension   (-80V…+80V) 

to the left deflection plate.


2. Magnetic deflection of the electron beam can be demonstrated by approaching the pole of a bar magnet to the cathode ray tube as it is shown on the picture.

We can also use a coil connected to a DC power supply. How is the deflection ?

3. It is also possible to have a periodic deflection using an AC power supply. 


4. Plug off the heating tension of the cathode. What happens ? Why ?

5. Change the voltage at the Control grid (auxiliary anode). What happens ? Why ?


6. What is the speed of electrons that have been accelerated with 250 V at the cathode ray tube ?

7. What is the speed of protons that have been accelerated with 90 kV at the first electrostatic accelerator 

of the LHC (located inside the proton source) ?


8. Electrostatic acceleration is limited because high voltages cause flashovers between the capacitor plates. 

The solution is to put many accelerators in line, which is simulated at

 http://microcosm.web.cern.ch/microcosm/RF_cavity/ex.html. 
      Try to accelerate a particle! 

Application to LINACs
· LINAC at CERN
· LINAC Design
!
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