5.  Electric and magnetic phenomena are related and have many practical applications.  As a basis for understanding this concept:
o. * Students know how to apply the concepts of electrical and gravitational potential energy to solve problems involving conservation of energy.

In Sections 2a, b and c we discussed ways of presenting the relationship between work, kinetic energy and potential energy in a gravitational field.  This section simply extends this discussion to charges in electric fields.  The key idea here is that “voltage” or potential difference is work (or potential energy) per charge.  V = PE/q.  If we move a charge against the force exerted by an electric field we give the charge energy and the work done per charge is called voltage, or perhaps more correctly, potential difference.

An electron gun as an example of energy exchanges in an electric field: 

[image: image1.wmf]Older television sets, and computers produce their images through the interaction of high velocity electrons and a phosphor coating on the inside face of a cathode ray tube.
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it is attached to the positive side of the high voltage and is called the accelerating anode.  An intense electric field exists between the accelerating anode and the cathode that causes the electrons to achieve a high velocity as they move in this field.  (Other structures called “focusing electrodes” are between the cathode and accelerating anode that create an appropriate electric field to force the electrons to pass through the hole in the accelerating anode.)  Computing the energy and speed of the electrons as they pass through the hole in the accelerating anode is a simple application of V = PE/q.  The negatively charged electron will move against the E field toward the accelerating anode, gaining kinetic energy as it looses potential energy.  When it passes through the hole, all the PE will be converted to KE so, from  V= PE/q: 






          ______


 PE = Vq = 1/2mv2       or,        v =√2Vq/m 

A typical accelerating voltage in a large TV set is around 10,000 volts.  Using the charge and mass of the electron in the above gives: 






 _____________________

    Approximate electron speed,  v = √2x104 (1.6x10-19/9.1x10-31 )   = 108 m/sec

This is approaching the speed of light and although the Standards do not address special relativity, it is interesting to note that even in an ordinary TV set, relativity can play a role.  One of several links on the web to “electron gun CRT” is:

http://electronics.howstuffworks.com/question694.htm
Exercise extreme care with old Cathode Ray Tubes:
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Some might feel that the above should never have been discussed but if you are brave, your effort can result in a nice classroom exhibit.  Using the above procedure, we have never experienced a mishap.

The CRT from a TV (or Computer monitor) will not have electrostatic deflection plates since the beam is deflected in these devices using a magnetic deflection “yoke”.  If you have an old oscilloscope, the gun will have electrostatic deflection plates that can give a concrete experience to the following discussion.

The basics of electrostatic deflection and finding the angle of deflection:



In the illustration, the electron beam from the electron gun enters from the left and passes through the vertical deflection plates and is deflected downward (since the upper plate is negative.)  The length of the plates, L is assumed to be large compared to their distance separation, D, making the field between the plates fairly uniform.  To find the electric field intensity between the plates, divide the potential difference across the plates by the distance between the plates, or, E = V/D.*  The analysis of the motion of the election in the electric field is exactly the same as the analysis of a rock thrown horizontally in a gravitational field.  The horizontal component of velocity, vx remains constant and the vertical component of velocity, vy ,  increases downward as it is accelerated by the electric field.  Using E = F/q = may/q we can find the vertical acceleration of the electron or,  ay = Eq/m = Vq/Dm.  Next, from the time the electron is accelerated downward we can find the vertical velocity of the electron.  But, since the horizontal velocity remains constant, the time the electron is between the plates is t = L/vx   Now we can find the downward component of velocity as the electron leaves the plates: 

vy = ayt = (Vq/Dm)(L/vx).  Finally the tangent of the angle of deflection will be vy/vx.

If you have an oscilloscope, the above discussion can be made more real by showing the students how adjusting the vertical and horizontal position controls on the scope control the position of the beam with the horizontal sweep set to a minimum to produce a spot on the screen.  The voltages across the horizontal and vertical plates are adjusted with the horizontal and vertical position controls therefore controlling the spot position.

The basics of magnetic deflection and finding the angle of deflection:

In a TV tube or an older CRT type computer monitor, the deflection is accomplished by a magnetic deflection yoke.  This deflection yoke consists of two sets of coils that are placed around the CRT near the electron gun and just before the CRT begins expanding to the larger size on the way to the face of the tube.  When the electron beam passes


radius of the electrons path in the magnetic field:  R = mv/qB.  Notice that the angle of deflection is the same as the angle swept out by R.  If the horizontal length, L, of the magnetic field is known, then it is easy to see that sin ø = L/R and using the R computed above, the sin ø can be determined.

*The fact that E = V/d is an important result that should be understood.  In a uniform field the work done to move a charge a distance d against the force of the field is:

 W = Fd =Eqd.  Dividing both sides of the equation by q gives:  W/q = Ed.  But, W/q is the potential difference the charge moves through.  Therefore, V = Ed in a uniform field where d is the distance moved parallel to E.  This result is frequently used and often the intensity of the electric field, E, is not only measured in newtons/coulomb but alternately, often in volts/meter.
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The essential electron gun structure is illustrated on the right.  The can on the left has a hot filament inside of it that causes electrons to be emitted from the surface of this can.  Since this can is connected to the negative side of a very high voltage, it s called the cathode.  The electrode on the far right with the hole in it
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A valuable object to have to show your class is the electron gun from an old TV set or from an old Oscilloscope.  However, breaking an evacuated CRT can be dangerous!  The following is only an outline of a possible procedure:


1.  Place the entire tube inside of a metal trash can face down. Cover all but the rear end where the electrical pins are located with a heavy cloth.


2.  The plastic cylinder with the pins sticking out of it will probably have a large center cylindrical plastic extension.  (See illustration on the right.)
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3.  Using a hacksaw, carefully cut around the plastic extended cylinder being careful not to have the blade touch the glass tip on the inside.  (This glass tip is where the air was evacuated from the tube and then was sealed off with heat in the final construction of the tube.)


4.  Place a long metal rod against this glass tip and standing some distance away from the end of the tube, use a hammer to tap the rod breaking the glass seal.


5.  You should hear a loud hiss as the air refills the tube.  Now that the air has been returned to the tube, you can safely break the remaining glass away from the gun.





Plastic cylinder





Glass tip
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In an oscilloscope, the electrons from the electron gun are fired between deflection plates where the electron beam can be directed to any point on the face of the CRT.  There are two sets of deflection plates, one to deflect the beam horizontally and the other to deflect the beam vertically.
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through this magnetic field, it will turned into a portion of a circle but since magnetic fields only act perpendicular to the direction of motion, the electrons will not change their speed.   Illustrated on the left the beam enters and is turned into a portion of a circle of radius, R.   From the Lorentz force expression and the expression for centripetal force, F = qvB = mv2/R we can find the radius 
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