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Charges

Static Electricity

Nearly all electric charge comes from the charges on protons (positive)  and electrons (negative).  If an object is electrically neutral, it has the same number of protons and electrons. If it is negatively charged, it has more electrons than protons, if it is positive there is a majority of protons.  Generally speaking, because it is much easier to either add or remove electrons from atoms, we can say that:
· when an object is negative, electrons have been added 
· when it is positive, electrons have been taken away.

We know that opposite charges attract, and that like charges repel each other.

Charging by Contact
Small charges can be built up by rubbing one material against another. When this is done  electrons are physically removed, through friction, from one of the materials and added to the other. This is done when a plastic pen is rubbed against a jumper and shown to have a charge by lifting a small piece of paper, or when a balloon is rubbed and can be made to stick to a wall without any obvious reason.

STS
Because of this effect, mirrors and TV screens should not be cleaned using a dry cloth. The friction between the two builds up a charge, which then tends to cause dust to settle on the mirror or the screen. It can also create a hazard in flour mills, where a built-up charge can cause an explosion.

Charge is measured in coulombs.
Because the coulomb is a large charge, very often we deal with millicoulombs (mC), or even microcoulombs (C) 

· A conductor is a material  which will tend to allow a flow of electrons
· An insulator is a material which tends to restrict the flow of electrons

Charging through Induction 
An object which becomes charged without any contact with another body has been charged by induction.  The Gold-Leaf Electroscope demonstrates that an object can be charged through induction.
_ _ _  _   
+ + + + +
neutral
The leaves separate, as they each carry a + charge
+
+
Gold Leaves










Distribution of Charge
An electric charge will always tend to spread itself out as much as possible.
When a charged object is connected to the earth, the charge spreads out so much it effectively disappears. We refer to this as 'earthing' the object.  On a metal object, where charges are free to move, all electric charge will move to the outside of the object.  If the object is spherical, or smoothly curved as it is on a Van de Graff generator, the charge will be evenly spread over the outside surface.

Point Effect
Wherever an object is less curved, and in particular at sharp points, there will be a build-up of charge.  This is the point effect. 
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This can actually lead to the object becoming discharged, as the air surrounding the point becomes ionised (charged), and negative charges attach to the point and cancel the positive charge (or vice versa).
This is how lightning conductors work. The have twin purposes:
· they both provide a path to earth for the lightning should it strike a tall building 
· through the opposite of the process described above they discharge the air, making a lightning strike much less likely

The Van de Graaf Generator
This device is used to build up large static charges.
A charge is transferred to the rotating belt by the point effect, and then to the metal dome, again by point effect. The belt can only hold a small charge, but the dome – as a curved piece of metal – can hold a very large charge dome
mains
belt
The charge is transferred on to the belt, and then onto the dome using the point effect




A Van de Graaf Generator can be combined with a proof plane and an electroscope to investigate how charge is distributed.  (see the chapter on Demonstration Experiments)

Coulomb’s Law states that the force between two point charges is directly proportional to the product of the charges, and inversely proportional the square of the distance between them.

F      Q1 Q2
             d 2

or, 
F  =      1       Q1 Q2
       4           d 2


This is an example of an inverse square law. Newton’s law of gravitation is another.


Example of Coulomb’s Law


7 mC
3 mC
d = 2m









            

            


Electric Fields
An Electric Field is the area around a charge where its effect can be felt.
In drawing electric fields, we always draw the arrows to show the path a point positive charge would take.+
-
+









 





To demonstrate an  Electric Field, 

Method:	Add some semolina  to a shallow dish of oil, as shown  

Observation/ Conclusion: 	The semolina (rice) particles become slightly charged at each end, and line up along the lines of force, showing the shape of the field.


+
+
_
 +  3kV   -
Petri dish
oil semolina

















Electric Field Strength
From Coulomb’s law we can derive the formula for Electric Field Strength, (or Electric Field Intensity), E, 
Electric field strength  is the force per unit positive charge at a point in an electric field.
i.e.



		or 		
         
(where the electric field is created by the charge Q1, and experienced by the charge Q)

STS
Photocopying makes use of electric fields. A rotating drum inside the machine is charged. A image of the document to be copied is projected onto the drum. A light then discharges those parts of the document that are white. Charged toner (ink) is then attracted to the remainder, and the copy is printed.  
Modern electronic equipment works on very low voltages. People working with this equipment must be very careful to have earthed themselves prior to touching circuitry to prevent damage.

Potential Difference

A difference in potential is what drives electric charge to move from one place to another.   It can be created because of a combination of factors, such as the presence of other charges and the shape and material of an object.  We can measure potential difference by measuring the work done in moving a charge from one point to another:
The Potential Difference between two points is the work done in moving a unit positive charge from one point to the other

The unit of potential difference is the volt.
The Potential Difference between two points is 1 Volt if the work done in moving a charge of 1 Coulomb from one point to the other is 1 Joule
1. 
From this we get the formula:
W = Q V
Though we are normally only interested in measuring a potential difference between two points, rather than the actual level of potential, we still need something to measure this against. The earth is always taken as being at zero potential (0 V) for this purpose. 

Capacitance
The Capacitance of a body is defined as the ratio of the charge on the body to its potential


In effect, the Capacitance of a body is a measure of the ability of the body to hold charge.   The unit of capacitance is the farad:

2. A body has a capacitance of 1 Farad if the addition to the body of 1 coulomb, raises the potential of the body by 1 Volt

A common arrangement used to increase capacitance and therefore to store electric charge is the parallel- plate capacitor: 
This device  stores electrical energy as demonstrated by this experiment:

To Demonstrate that a Capacitor stores Energy 
Method:	Set up the apparatus as shown. Allow the capacitor to build up a charge. Bring a conducting wire from one plate towards the other
Observation / Conclusion:	As it approaches we will see and hear a spark. The presence of light and sound energy indicates that energy had been stored on the capacitor. 
+

+

+

+
_

_

_

_
spark
 Charged capacitor
 Electrical wire
Connection to v. de Graff generator










The energy stored is given by the formula:




Factors determining Capacitance of a capacitor.

The capacitance of  a capacitor is controlled by three factors, the common area (or A, the area of overlap), the distance between the plates (d), and the permittivity () of the material between the plates.  This can be demonstrated using an electroscope.
+
+
+
+
-
-
-
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-
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   +     +         
  +       +


Van de Graff generator

Charged capacitor

Charged electroscope
d

Material of permittivity 











When the plates are drawn apart, the leaves collapse, indicating that the stored charge, and therefore the capacitance is inversely proportional to d. Similarly we can show that reducing A and varying the material between the plates affects the capacitance according to the formula:




Capacitors conduct a.c.,  but block the flow of d.c.

STS
Capacitors are used in flash photography: a charged capacitor discharges through the bulb at the instant the photo is taken.  They are also used in the tuning of radios







Electric Current

This diagram shows some of the symbols most commonly used in electric circuits.
V
+                -
Battery  (a combination  of cells)
resistor
lamp
switch











galvanometer
(detects current)



 

An electric current is a flow of charge. A current of 1 amp (or ampere) is a movement of 1 coulomb per second: 

i.e.								

In an electric circuit, the current (I) is usually shown travelling from the positive pole of a battery to the  negative.  This is done for historical reasons, but it is quite misleading. The current actually consists of the movement of electrons from the negative pole to the positive.

A voltage (V), when applied to a circuit, is known  as the emf (electromotive force). A cell is a commonly used source of  emf: several cells joined together form a battery and give a higher voltage:  other sources are the electrical mains and a thermocouple.


Voltage – Current Graphs
In a standard electric circuit, where electrons are passing through a metal, Ohm’s Law is obeyed: i.e. the voltage is proportional to the current. On a graph of current against voltage you get a straight line through the origin. There are other situations through, in which a current will flow but Ohm’s Law is not obeyed.   Some examples are outlined below. 





Electrolysis 
(inactive electrodes)
Above a certain voltage, ionic compounds split up into ions, which carry a current across the solution

V
V
I
V
I
V
I
V
I
V
I
Metal
The current is carried by electrons
Filament bulb
At higher voltages, the increased heat increases resistance, and lessens the current 
Gases. 
The current is carried by ions in the gas
Vacuum
At low voltage there is no current, but at higher voltages with a heated cathode, electrons jump across the vacuum, as in a CRT. (see Modern Physics)
Electrolysis
(active electrodes)
Even for low voltages. ionic compounds split up into ions, which carry a current across the solution

I









        
















Resistance
Ohm’s Law states that for a metallic conductor at constant temperature, the current will be proportional to the voltage:
i.e. 					      V  I
· V = RI				 
· R = V / I 
This gives us a definition of resistance, and the unit of resistance, the ohm:

The resistance of an object within an electrical circuit is defined as the ratio of the voltage across it to the current flowing through it, i.e. 
A conductor has a resistance of 1ohm (1 ),  if a current of 1Amp  (1A) flows when a voltage of 1Volt (1V) is applied.
Resistivity
As well as temperature, the resistance of an object varies also with the length, l, of the object (the longer the object the greater the resistance), the cross-sectional area, A,  (the wider an object, the lower the resistance), and the material from which the object is made. 
The property of a material  which controls the resistance is the resistively, ,  of the material.

i.e.					

The resistivity  of a material is the resistance of a unit cube of that material

Resistance and Temperature

The resistance of an object depends (among other things) on its temperature. The variation of resistance with temperature however is not the same for all materials.
Temperature /oC
Resistance /
Temperature /oC
Semiconductors (resistance decreases with temperature)
Metals  (resistance increases with temperature)
Resistance /




















Resistors in series 

This would be an example of  3 resistors connected in series:
R2
I
I
R1
R1
R3
a
b





For this setup, the total voltage drop from a to b is given by 


Where V1 is the voltage drop across R1,  and so  on.
following Ohm's Law we can say:


and, as I is common to all  resistors,



Resistors in Parallel:

R2
I2
R1
I1
I3










R3




The total current is given by:



The total voltage drop across the group of resistors is the same, regardless of the path followed, so


And dividing across by V gives,



Potential Divider
The longer a resistor is, the larger its resistance becomes. If a current flows  only across a section of a resistor, the resistance is proportionately reduced, as shown here.

10
5







2.5




Following on from the formula, V = IR, we can see that the potential drop across a resistor is also in proportion  to the fraction of a resistor across which a current flows.
16V
4V
I
I
16V
8V








A potential divider works in this way, making two connections to a resistor across which a current is flowing. In this way, smaller voltages can be supplied.16V
16V          12V           8V           4V         0V                            



Wheatstone Bridge
A Wheatstone bridge is set up as shown here:
       R1                          R2





    
    R3                                R4




















When balanced, the resistors are such that no current flows from B to D. For this to happen, this formula must apply:




STS
Originally this was used to measure an unknown resistance. Now it is still used in thermostats and related circuits. 
For example:  If we need to set an oven to maintain a temperature of 200oC, we use a wheatstone bridge. R2 could be inside the oven. Its resistance will change as the oven heats up or cools down. We choose resistances so that the bridge is balanced only when  the oven  is at  200oC. Above or below this temperature, a current flows from B to D and the oven can be switched either on or off as needed.



Effects of an Electric Current
There are 3 effects of an electric current:
· The Chemical Effect: An electric current can cause a chemical reaction, as happens in electrolysis. The current is carried by ions, created from the chemicals involved. In particular this is used in electroplating materials.
· The Magnetic Effect. All magnetism is associated with the movement of an electric charge. 
· The heating Effect, as seen in a kettle, or a light bulb.

Joule’s Law states that the rate at which heat is produced by an electric current is proportional to the square of the current.
i.e.
PI2
The constant involved is the resistance, giving:

P = RI2 		or		P =VI


Remembering that (work/energy divided by time), we can conclude that that heat energy produced in an electric circuit, W, is given by:



3. STS
4. Moving electrical energy across large distances – from power stations to towns – involves the ‘loss’of much energy in the form of heat. As Joule’s Law explains, the heat produced every second is larger if the current is larger.
We can see however  that the power is directly proportional to the voltage, or to the square of the current.  As a high power corresponds to a high loss of energy from a system, we are obviously better off transmitting energy at high voltage rather than at high current.
40 000V
Transformer
(increases voltage)
Transformer
(decreases voltage)








Domestic Wiring
In a very simplified form, all homes are connected to the electricity network by two wires: one of which is at 230V (the live wire), and the other at 0V, (the neutral wire).   Obviously whenever a connection is made between the two wires – as happens when a device is both plugged in and switched on – a current will flow from the high voltage to the low, flowing through the device and allowing it to function.
All switches and fuses should be on the live wire, so that  once a device is switched off, no part  of  it  is at high voltage.
fuse
0V
230V








· A fuse is simply a short piece of relatively weak wire, designed to break if a current above a certain safety limit flows through it.  As this will break the circuit, it protects devices elsewhere in the circuit.
· [image: ]An alternative safety feature is a miniature circuit breaker or MCB . It contains both an electromagnet and a bimetallic strip. These again will break the circuit if a current above a certain safety limit should flow through it. 
· Residual Circuit Breakers, or RCDs function by detecting a difference between the current flowing in the live and neutral wires. These should be the same. If they vary by a significant amount, the circuit is broken.
· Where a number of devices are connected along one circuit we have a ring circuit.   When a single device, usually  requiring a large current is connected by itself to the mains, we call this a radial circuit.
· All metal appliances should be earthed. This means they should have a third wire connecting them directly to earth. If a fault develops, the current will flow to earth, rather than through the next person who touches the appliance.
· Also, all metal surfaces used near water (pipes, taps etc) should be bonded. That is they should be connected to earth. This is to protect from injury, should any part of them become connected to a power supply.
 
 

Semiconductors
A semiconductor is a material whose resistivity lies between that of a conductor and an insulator

We take the example of silicon.  Silicon has a valency of four.  This means that it has four electrons in its outermost shell but that, like other atoms, it would prefer to have eight.Si
        
          .
 .       .
     .
      




In a silicon crystal, in order to achieve a situation where each atom is surrounded by eight electrons, the atoms arrange themselves in such a way that each atom shares an electron with each of four neighbours:
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At  a temperarure 0K, this a perfect insulator. No electrons are free to move and they are therefore not free to carry a current.

Above 0K, the added  heat energy is distributed throughout  the crystal as kinetic energy. From time to time, an electron will gain sufficient energy to escape from its place and move through the crystal. It leaves a ‘hole’ behind it. 
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Intrinsic Conduction
These free electrons are now available to carry a current if the crystal is placed in a circuit. In such a case, the free electrons will move towards a poistive connection, and the holes will move towards the negative connection. They have no charge of course, but as  they will always move towards a  negative connection, it is useful to think of them as being positive, and they are referred to as positive holes.

We can look at a crystal like this:
   +
   -




Electrons move to the ‘+’
The ‘positive’ holes move to the ‘-‘



Extrinsic Conduction.
Conduction can be improved by either adding extra free electrons (n-typing) or extra holes (p-typing).

n-typing
When constructing a silicon crystal, we can introduce a small number of phosphorous atoms. These will try to fit into the overall crysytal structure, sharing one electron with each of four neighbours. But They have five electrons in their outer shell and will therefore have one ‘extra electron’. This is likely to break free from the atom and to become available for conduction.  As there are extra free electrons, conductivity is improved.

p-typing
If  we add a small quantity of boron to a growing crystal of silicon, it will try to fit into the structure of the crystal. It only has three electron in its outer shell, however, so an extra  ‘hole’ will be created. As holes act like positve charges (and as stepping stones for the moving electrons), this will also improve the conductivity.





p-n  junction
n-typing and p-typing are really only of any use to us when we place the two together at a pn junction.  The simplest example of this is in a diode.
At the junction of the two materials, the extra free electrons tend to occupy the extra free holes. This is known as the depletion layer. It acts as a block of insulating material in the middle of the diode.
   p-type         depletion layer        n-type 






This is the symbol for a diode:
	 

Forward Bias
If this is placed in a circuit so that the p-type material is attached to a positive connection, current will flow.  This is because the electrons are drawn towrds the positive, and the holes to the negative: the depletion layer shrinks and allows current to pass through it.

  +                                           -      
Electrons move to the ‘+’
The ‘positive’ holes move to the ‘-‘






Reverse Bias
For reverse bias, the p-type material is attached to the negative terminal, and the n-type to the positive. The electrons are drawn backwards from the centre and the depletion layer grows. A current will not be able to move through the device.

The ‘positive’ holes move to the ‘-‘
Electrons move to the ‘+’
  -                                          +      






Using electrical symbolism, these circuits could be shown like this
Forwards bias 						Reverse Bias
                                                                            	X
No current flows                                
A current flows                                






	   


                                                                            	
STS
One use of diode is what we call rectification.  That is the conversion of a/c to d/c.  The diode blocks the current flow in one direction allowing it through only when it is in forward bias. The current is not constant, but it is only flowing in one direction and is therefore d/c.

LDRs are Light Dependent Resistors. They are semiconductors in which the resistance is large in the dark and low in light. They are used in automatic street lights.

Thermistors are semiconductors in which the resistance is controlled tightly by the temperature. Any increase in temperature creates a large decrease in resistance.










Electricity and Magnetism
All magnetism is created by the movement of electric charges. 
All permanent magnets are made from Nickel, Cobalt, Iron or alloys that contain these elements.  They can be magnetized because of the arrangements of electrons inside their atoms. Other materials can be magnetized by electric currents: we call these electromagnets.
Magnetic Poles exist in pairs: north and south. Like poles repel each other, opposite poles attract.  A magnet that is left free to rotate  (away from any other magnets, as is the case in a compass) will always come to rest with one end  - the north pole (N) - pointing north, and the other – the south pole (S) – pointing to the south.   This is due to the earth’s magnetic field. The earth acts as if there was a large bar magnet at its centre. 

the earth axis, about which it rotates
geographic north
magnetic pole
S
 N













As a compass needle will always point towards the north, it follows that the earth’s magnetic field acts as if the south pole of a magnet was at the north pole, and vice versa.

A magnetic field is the area around a magnet where its effect can be measured. As it has both strength and direction, it is obviously a vector quantity. Magnetic field lines are drawn pointing from north to south, showing the direction a north pole would travel, if free to move. Magnetic fields can be demonstrated with iron filings, or with plotting compasses


All electrical currents create a magnetic field. The shape of some important arrangements are shown here.
The direction of the lines is given by the right-hand rule
A solenoid acts as if it is a bar magnet. The strength of the filed is increased by placing an iron bar through the centre of the solenoid


















A current –carrying conductor in a magnetic field experiences a force

This can be demonstrated using a strip of tin-foil which carries a current in a magnetic field.
 direction of  magnetic field
North

South

direction of force
direction of  current
The direction of the force can be established by the left hand rule, as shown here.

direction of force
 direction of  current

















The strength of the  force, F,  depends on the current, I, the length of the wire, l, and the strength of the magnetic field, B. i.e.





The magnetic flux density (B) can be defined  using this formula.

Magnetic flux density is the force experienced by a conductor of length 1m carrying a current of 1 A at right angles to the field. Its direction is the direction of the magnetic field lines

 

The Ampere
This phenomenon also leads us to a definition of the ampere: 
The ampere is that current which, if maintained in two infinitely long wires of negligible cross-section placed one metre apart in a vacuum, would produce between the wires force of 2x10-7 Newtons per metre length of the wire
(see also: demonstration experiments)

A similar force exists on a positive charge, q, moving through a magnetic field at velocity v.
We can say that the current in this case is the quantity of charge passing any point per second, 


() , and the effective length of the charge in the magnetic field is given by  


Subbing into				

Gives					


					


A positive charge obeys the left hand rule. A negative charge will not, but will move in the opposite direction.

Any  single charge experiencing such a force will move in a spiral.

Electromagnetic Induction
Electromagnetic induction is best described by Faraday’s  and Lenz’s Law. 

[image: ]Faraday’s Laws
When there is a change in the  magnetic flux linking  a coil, an emf is induced in that coil.  The strength of the emf is proportional to the rate of change of the flux linking the coil.

Lenz’s Law
The direction of an induced current is such as to oppose the change causing it 

These laws can be demonstrated with a arrangement like this one here.


south		north
galvanometer









As the magnet is moved towards the coil, a current flows (which can be seen with the galvanometer). The faster the magnet moves, the greater the current. This confirms Faraday’s Law.   If the magnet is moved away from the coil, the current changes direction, demonstrating Lenz’s Law.

Mathematically, Induction can be described using the formula:




where 	E = induced voltage
n = number of turns in a coil
The flux, ,  can be found using the formula



STS
In an a/c. generator,  a magnet is constantly turned near to a coil of wire - or vice versa – and an emf is set up.  This emf will constantly change direction, thus creating a current which constantly changes direction. This is an alternating current, or a/c. 
north
south



When the coil rotates, as shown, an emf will be induced and a current will flow





RMS Values
The effective value of an alternating current – that is the direct current that would have a similar effect – is known as the rms. value. The same can be done for a voltage. 



	
						voltage / current
time
Vo  / Io











Mutual Induction
As all electrical current create magnetic fields, an alternating current can create a changing magnetic field, an effect similar to that of spinning a magnet.  Because of this, when two coils are side by side, a changing current  in one will induce a similar changing current (and emf) in the other.  This is known as mutual induction.


STS
We make use of this fact in a transformer. The ac in the first, or primary, coil creates a changing magnetic field and therefore an emf in the secondary coil. The voltage can either be increased (a step-up transformer) or reduced (stepped down). This controlled by the relative number of turns in the primary (Np) and the secondary (Ns)

Vin
Vout
iron core


     











If there are no energy losses between the primary and secondary, the following formula also applies:







Self Induction. 
If an alternating current is flowing through a coil, the coil will be surrounded by a constantly changing magnetic field.  This will create an emf in the coil according to Faraday’s Laws.  According to Lenz’s law the induced emf will be oppose the change. This is self induction. Its significance is that, with an alternating current, a coil acts as a resistor, reducing the current that flows through it. 

It can be demonstrated with a circuit like the one below:
+  6V   -
Neon bulb (requires 100V to light)
switch
Induction coil














When the switch is closed we see nothing:  the voltage is insufficient to light the bulb.  But when the switch is opened and the circuit is broken, the bulb lights up for a moment.
This is because the current through the coil creates a magnetic field. When the current falls to zero, the magnetic field disappears as well: the coil therefore is in the centre of a changing magnetic field. This induces a voltage sufficiently large to light the bulb. 

Sample Questions
2003 question 8

Define the unit of current, i.e. the ampere
The ampere is that constant current which, if maintained in two infinitely long parallel wires, of negligible cross-section, kept 1 metre apart in a vacuum, will experience a force of 2x10-7m per unit length.

Describe an experiment to demonstrate the principle on the which the definition of thre ampere is based.
To Demonstrate the Principle on which the Definition of the Ampere is Based:
Method:	Set up a circuit as shown.  Switch on the current and observe what happens









Results / conclusion:	The wires move apart, indicating that parallel wires conducting a current will experience a force, the principle on which the definition of the ampere is based.

Various materials conduct electricity. Draw a graph to show the relationship between current and voltage for each of the following conductors:
i. A metal at constant temperature
ii. An ionic solution with inactive electrodes
iii. A gas
Metal
The current is carried by electrons
V
I
Ionic solution
(inactive electrodes)


V
I
V
I
Gases. 








How would the graph for the metal differ if its temperature were increasing?
It would look like this:


V
I
At higher voltages, the increased heat would increase resistance, and lessen the current 










How would the graph for the ionic solution differ if its concentration were reduced?
The slope would be reduced.
[bookmark: _GoBack]
© Tom Tierney 2019, non-commercial re-use is welcome


image1.wmf
time

flux

in

change

n

E

.

.

=


image36.wmf
12

T

VVVV

RRRR

=++


image37.wmf
3

2

1

1

1

1

1

R

R

R

R

T

+

+

=


image38.wmf
4

3

2

1

R

R

R

R

=


image39.wmf

image40.wmf
t

W

P

=


oleObject1.bin

image41.wmf
t

RI

W

2

=


image42.png




image43.png




image44.png




image45.png




image46.jpeg




image47.wmf
BIl

F

=


image48.wmf
Il

F

B

=


image2.wmf
2

o

rms

V

V

=


oleObject63.bin

image49.wmf
t

q

I

=


oleObject64.bin

image50.wmf
vt

l

=


oleObject65.bin

oleObject66.bin

image51.wmf
vt

t

q

B

F

.

.

=


oleObject67.bin

image52.wmf
Þ


oleObject68.bin

oleObject2.bin

image53.wmf
qvB

F

=


oleObject69.bin

image54.jpeg




image55.wmf
time

flux

in

change

n

E

.

.

=


image56.wmf
A

B

.

=

f


image57.wmf
2

o

rms

I

I

=


image3.wmf
2

o

rms

I

I

=


image58.wmf
2

o

rms

V

V

=


image59.wmf
out

in

s

p

V

V

N

N

=


image60.wmf
ondary

primary

VI

VI

sec

)

(

)

(

=


oleObject3.bin

image4.wmf
V

Q

C

=


oleObject4.bin

image5.wmf
d

A

C

o

e

=


oleObject5.bin

image6.wmf
2

2

1

CV

W

=


oleObject6.bin

image7.wmf
l

RA

=

r


oleObject7.bin

image8.wmf
VI

P

=


oleObject8.bin

image9.wmf
A

B

.

=

f


oleObject9.bin

image10.wmf
s

p

out

in

N

N

V

V

=


oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

oleObject20.bin

image11.wmf
2

2

1

4

1

d

Q

Q

F

pe

=


oleObject21.bin

image12.wmf
Q

F

E

=


oleObject22.bin

image13.wmf
Q

W

V

=


oleObject23.bin

image14.wmf
IR

V

=


oleObject24.bin

image15.wmf
2

1

R

R

R

+

=


oleObject25.bin

image16.wmf
2

1

1

1

1

R

R

R

+

=


oleObject26.bin

image17.wmf
4

3

2

1

R

R

R

R

=


oleObject27.bin

image18.wmf
Rt

I

W

2

=


oleObject28.bin

image19.wmf
IlB

F

=


oleObject29.bin

image20.wmf
qvB

F

=


oleObject30.bin

oleObject31.bin

oleObject32.bin

oleObject33.bin

oleObject34.bin

oleObject35.bin

oleObject36.bin

oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

image21.wmf
2

2

1

4

1

d

Q

Q

F

o

pe

=


image22.wmf
2

3

3

9

2

10

7

.

10

3

.

10

9

.

8

4

1

-

-

-

=

x

x

x

p


image23.wmf
N

x

x

96

.

46

4

10

21

.

10

9

.

8

6

9

=

=

-


image24.wmf
Q

F

E

=


oleObject44.bin

image25.wmf
2

1

4

1

d

Q

E

pe

=


image26.wmf
V

Q

C

=


oleObject46.bin

image27.wmf
2

2

1

CV

W

=


image28.wmf
d

A

C

e

=


image29.wmf
t

Q

I

=


image30.wmf
I

V

R

=


oleObject50.bin

image31.wmf
l

R

A

r

=


image32.wmf
123

ab

vvvv

=++


oleObject52.bin

image33.wmf
123

t

IRIRIRIR

=++


oleObject53.bin

image34.wmf
3

2

1

R

R

R

R

T

+

+

=


image35.wmf
123

IIII

=++


oleObject55.bin

