
Revision questions
1. An electron is placed between two parallel plate 

conductors. The plates have a voltage difference of 
2000V and are 4cm apart. What force will the 
electron experience?

2. What are the units of electric field strength?

3. Under what conditions will a proton experience a 
force due to a magnetic field?

4. Describe (without a diagram) the electric field 
surrounding positive point charge.
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Cathode Ray Tubes
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Cathode Ray Tubes
During the 1850’s, the improvement of vacuum 
pumps led to the invention of cathode ray tubes.

These consist of an evacuated tube with two 
internal terminals - the anode and cathode. One 
is located at each end of the tube.

http://www.aip.org/history/electron/images/crookes.jpg
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• William Crookes (c.1870), built a 
discharge tube with an internal 
pressure of 10-6 atm (the previous 
best was 10-3). He noticed that 
remaining air inside the tube would 
glow when large voltages were 
applied across the terminals.

• Many people began to study this 
effect in order to understand it. A 
variety of ingenious discharge tubes 
were built, with interesting results.

http://en.wikipedia.org/wiki/File:Sir_William_Crookes_1902.jpg
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CRT with an anode in the shape of a Maltese cross
(a shadow is left by the cross)
http://isites.harvard.edu/fs/docs/icb.topic182874.files/images/MalteseCrossCRT2-1000x667.jpg
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CRT with a paddle wheel in the middle. The wheel 
would spin when the tube was in operation.

http://en.wikipedia.org/wiki/File:Crookes_paddlewheel_tube.png
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Rays inside the tube were clearly bent by magnetic 
fields, but seemed unaffected by electric fields.

http://www.sciencephoto.com/image/111200/530wm/C0046989-Cathode_Ray-SPL.jpg
http://www.kentchemistry.com/images/links/atomic/1897_thomson2.jpg 
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A debate
There were clearly rays travelling along the tube, 
however debate continued as to whether the rays 
were EM waves or charged particles, since they 
seemed to show contradictory properties:

EM properties Charged Particle 
properties

• Cast a shadow
• Not deflected by electric 
fields (just like light)
• Could penetrate thin 
metal foils

• Deflected by magnetic 
fields 
• Made a paddle wheel turn
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The answer
• Cathode rays are streams of negative particles. 

This means they will be bent by both magnetic and 
electric fields (experimental inadequacies had caused 
the electric field effect to be observed).

• It also means they will be able to turn a paddle wheel 
and will ionise any remaining gas particles to produce 
light (or the glass tube).

• These particles became known as electrons.
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More discoveries
• Now that electrons had been identified, their 

properties could be studied, since the CRT’s 
provided an excellent way of manipulating them 
(much more practical than studying them in a wire).

• One such experiment was famously 
carried out by J.J. Thomson in 1897 
to determine the charge to mass 
ratio of these electrons.

http://en.wikipedia.org/wiki/File:J.J_Thomson.jpg
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• A beam of electrons was fired through an 
electric and magnetic field. These two fields were 
adjusted to oppose each other so that the 
electron passed through undeflected.

• The magnetic field was then switched off and the 
radius of deflection measured

http://www.nyu.edu/classes/tuckerman/adv.chem/lectures/lecture_3/node1.html
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Using fairly simple equations, it can be shown 
that the charge to mass ratio (e/m) is given by:

Where (s) and (l) are easily measured lengths 
and (E) and (B) are the electric and magnetic 
field strengths respectively.

He determined the cathode rays were 
negatively charged particles with a small 
mass (or very high charge).

e

m
=

2sE

l2B2
(you don’t need
to know this)
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low 
pressure

high 
pressure

striation
patterns

http://lrrpublic.cli.det.nsw.edu.au/lrrSecure/Sites/Web/physics_explorer/physics/lo/cathode_07/graphics/alltubes.jpg
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‘Modern’ CR tubes
• A number of technologies were developed as an 

application of CR tubes, including television and 
oscilloscopes. 

• The key innovations were the placement of a 
fluorescent screen at the end of the tube (assisting 
visualisation), and perpendicular sets of electric 
fields to direct the electron beams.
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Basic structure

http://www.circuitstoday.com/wp-content/uploads/2009/09/CRT-Cathode-Ray-Tube.jpg
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1. Electron gun
• The cathode is built from a heatable filament. 

When heated, electrons are released by 
thermionic emission.

• The electrons accelerate towards the 
(sequentially more positive) anodes. There are 
multiple anodes so that more electrons appear 
on the final beam.

• The geometry of the anodes results in a 
focussed beam of electrons. The voltage controls 
the energy of the electrons.
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2. Deflection plates
• Parallel plate conductors are placed so as to 

deflect the electron beam in both the X and Y 
directions.

• A variable voltage is applied to the plates, causing 
the electrons to travel to a desired location. 
Often this can be used to scan through every 
location on the fluorescent screen multiple times 
each second.

• Coils (electromagnets) can also be used to 
deflect the electron beam.
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3. Fluorescent screen

• Electrons are invisible. They can only be seen 
when they excite another material, causing it to 
release photons of visible light.

• Therefore, a screen with an appropriate material 
is placed at the end of the cathode ray tube. It is 
usually glass coated in a phosphor which emits a 
certain colour of light.
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http://www.okokchina.com/Files/uppic22/Oscilloscope932.jpg

Cathode Ray Oscilloscope (CRO)
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Application: oscilloscopes

• An cathode ray oscilloscope (CRO) is a very 
simple and useful application of CRT’s.

• In one mode, the user is able to connect an input 
to the Y-deflection plates, while the X-plates 
sweep at a constant speed. This enables the user 
to graph a voltage changing over time.

• In another mode, the user can connect an input 
to both sets of deflection plates.
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Application: television1

• CRT’s are used in old TV’s. They actually have 
three separate electron beams (red, green, blue) 
which sweep the screen simultaneously.

• These strike different ‘pixels’ on the screen, 
releasing different colours to the viewer.

• The entire screen is scanned 15 times a second 
(odd then even rows), but the glow of the 
phosphor is longer than the electron excitation, 
so the screen does not appear to flicker.

1also true of CRT computer monitors
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http://img.wonderhowto.com/images/gfx/gallery/634638203023173375.jpg

Electron gun and deflecting coils
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Closeup of fluorescent TV screen
http://www.phogle.com/digitalization/1239-0.5MPix.jpg
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http://2.bp.blogspot.com/-Pr2gQHV7Tn0/TtjvwjICleI/AAAAAAAADZo/YCuJhH52g5g/s1600/IMG_9534.jpg
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