PHYSICS UNIT 3 Unit 3 Electronics and photonics

NOTES – 2009
Copyright: AIP (Vic Branch) Education Committee
· apply the concepts of current, potential difference (voltage drop), power to the operation of electronic circuits comprising diodes, resistance, thermistors and photonic transducers including light dependent resistors (LDR), photodiodes and light emitting diodes (LED), (V=IR, P = VI);

Charge is a fundamental quantity of nature.  There are in atoms positively charged protons and negatively charged electrons.  When an object becomes charged it either gains or loses electrons.  The unit for charge is the Coulomb which was based on the amount of charge to produce a force of repulsion between like charges of 1.0 Newton.  When the electron was discovered, it was found that the Coulomb was an enormous amount of charge, at least in terms of electrons.  One Coulomb of charge consists of 6.25 x 1018 electrons or the other way round, the charge on one electron is 1.6 x 10-19 Coulomb.

Current is the rate at which electric charge flows through a wire.  It is calculated as the amount of charge passing a point every second.  It has the units of Coulomb/Second or its own unit of the Ampere.  The formula for this definition is therefore Current (I) = Charge (Q) / Time (t), I = Q / t, which is usually remembered as Q = It.

Batteries supply energy to charge to travel around the circuit through the resistances.  The voltage, or EMF (electromotive force), of a battery is a measure of how much energy, in joules, the battery gives to each coulomb of charge that leaves the terminals.  In other words a 9 volt battery gives 9 joules of energy to one Coulomb of charge, 18 joules to two Coulombs, etc.

That is, the energy supplied by the battery = the EMF (Voltage) of the battery x the Amount of charge leaving.

W = V Q

Using the definition of current, this becomes:

W = V I t

All this supplied energy is used up as the charge goes through the resistances in the circuit.  The energy lost in a resistance will have the same expression with “V” being the potential difference or voltage drop across the resistance.

Power is the rate at which energy is supplied by a battery or consumed by a resistance.

Power = Energy supplied / Time taken

P = V I t / t = V I

Power = Voltage x Current.

Diodes have a unique graph that indicates that they easily conduct (have a very low resistance) in one direction called forward bias, and will only allow microamps in the other direction called reverse bias (an extremely high resistance).  This is useful in changing AC into DC.
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When a non-linear device is operating in a circuit, its resistance is the voltage across it divided by the current through it, rather than the value of the gradient of the non-linear graph at the point.

Diodes become conducting at about 0.7 V and the voltage drop across a diode stays at this value for further increases in the current.  So in order to protect the diode from overheating and blowing, a protective resistor is placed in series with the diode to limit the current.

A typical exam question is to calculate the current is a circuit with a diode and a known resistor connected across a 9 V battery.

Light Emitting Diodes (LEDs) are diodes that emit light when a current pass through them.  Their graphs is similar to that of an ordinary diode, but they need a voltage in excess of 1.7 V to conduct and emit light.
Photodiodes are diodes used in the reverse bias mode that is the left half of the above graph in the 3rd quadrant.  In this mode the leakage current is very small, but in the design of a photodiode the effect of light shining on the device is to increase this leakage current in a linear way, that is the leakage current is directly proportional to the light intensity.  This makes the photodiode a very effective transducer, that is, a device that converts changes in a physical quantity, in this case the light intensity, into a voltage.
Light Dependent Resistors (LDRs) are resistors that are made of semi-conductor material.  This means that when light shines on the material more electrons are made available to contribute to a current driven by a voltage.  The effect of this is that the resistance of the device decreases with light intensity.  LDRs are therefore useful transducers.  The graphs of resistance versus light intensity are usually represented as log-log graphs, so care needs to be taken in reading the scales.

Thermistors are resistors that are also made of semi-conductor material.  Their resistance decreases with a rise in temperature.  The resistance scale for their graphs usually has a log scale.

· calculate the effective resistance of circuits comprising parallel and series resistance and unloaded voltage dividers;

For most conductors, the current through them is proportional to the applied voltage, that is, the larger the voltage, the larger the current.  The ratio V / I at any particular point is called the resistance.  It is measured on ohms and has the symbol (, as R = 1k (.  The relationship is usually remembered as:

V = I R

and is called Ohm’s Law.  Materials that fit this relationship are called ohmic conductors.

Resistances can be combined in two ways, in series and parallel. For resistors in series, the current through them is common, and the voltage across the combination is just the sum of the individual voltages.  This leads to the relationship above for the total resistance: RT = R1 + R2


V



      V = V1 + V2







          I
      IRTot = IR1 + IR2  (Ohm’s Law)




    I
      V1

      V2

       RTot = R1 + R2  (Divide by I)


For resistors in parallel, the voltage across them is common, and the current is split up among them, so that the sum of the individual currents is the current eithe entering or leaving the combination.  This leads to the relationship above for the effective resistance: 
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I = I1 + I2


I1




V/RTot = V/R1 + V/R2 (Ohm’s Law)









1/RTot = 1/R1 + 1/R2   (Divide by V)


I2


When current is graphed against voltage for most conductors, a straight line is obtained. This is reflected in Ohm’s Law.  However for most materials a non-linear graph is obtained.  Such devices include such semiconductor devices as thermistors, LDRs and diodes, and light globes.

Voltage dividers are circuits made of passive components such as resistors, variable resistors or non-linear devices, such as LDR’s.  They are input/output devices that are designed to give a variable DC voltage that can range from a maximum value set by the DC power supply to zero.  They are often used with transducers such as LDRs and thermistors as one of the components.

A typical voltage divider circuit is drawn below.

The output voltage is V0ut = [ R2 / (R1 + R2)] VIn


                    R1

                   Vin

                    R2                            V out
Note: The labeling of the diagram and the above formula need to match.  That is, Vout is across R2
· design, investigate and analyse circuits for particular purposes using technical specifications related to potential difference (voltage drop), current, resistance, power, temperature and illumination for electronic components such as diodes, resistors, thermistors,  light dependent resistors (LDR), photodiodes and light emitting diodes (LED);
The information contained in the characteristic curves for LEDs, photodiodes and LDRs can be used to determine the behaviour in voltage divider circuits.
LDRs, thermistors and  photodiodes are input transducers.  The LDR and the thermistor characteristic curves indicate the resistance at different brightnesses and temperatures resp.  The characteristic curve for the photodiode gives the value of the reverse current for a particular illumination.

LEDs are output transducers.  In this case the curve indicates the voltage at which the LED conducts.

· Analyse voltage characteristics of amplifiers including linear gain (Vout / Vin) and clipping
A voltage amplifier is an input-output device that is designed to take a small varying voltage signal and increase it to a larger varying signal.  For the amplifier to perform this task reliably, the output must be an exact replica of the input, only magnified.

The characteristics of a voltage amplifier can be summarised in an Input - Output Voltage graph.  There are two types of voltage amplifiers, with slightly different graphs.
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The voltage amplifier is normally set up or “biased” so that when there is no variation in the input signal the amplifier is sitting at the middle of the inclined line.  As the input voltage increases, the amplifier moves along the line in the positive x direction. The output voltage follows.

In the case of the Inverting Amplifier, as the input signal increases, the amplifier moves down the line and the output signal decreases.  When the input signal decreases, the opposite happens.  The fact that the output always does the opposite of the input is the reason for amplifier’s name.

With the Non-inverting Amplifier, the reverse is the case.  As the input signal increases, the output signal increases.

The important feature of a voltage amplifier is how much it amplifies.  This amplification is called the “Gain” and is equal to the gradient of the inclined line.
If the variation in the input voltage is too large the amplifier circuit reaches the extremes of the inclined line.  At this point the output voltage cannot change and remains constant.  

The effect of the graph of the output voltage is to slice or clip off the top of the graph, hence the name, Clipping.
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· describe energy transfers and transformations in opto-electronic devices;

In output transducers or opto-electronic converters such as LEDs the change is from electrical energy to light energy.  In input transducers such as photodiodes, phototransistors and LDRs the change is from light energy to electrical energy.
· describe the transfer of information in analogue form (not including the technical aspects of modulation and demodulation) using

· light intensity modulation, i.e. changing the intensity of the carrier wave to replicate the amplitude variation of the information signal so that the signal may propagate more efficiently

· demodulation, i.e. the separation of the information signal from the carrier wave;
The intensity of the light might be changed because someone has entered the shop and walked across a light beam, or perhaps the current from a microphone is passing through an LED whose output is fluctuating.  This is modulation. 
The information can be carried on the light to a receiver, usually a photodiode, that converts the variation in the light beam to a variation in voltage. This is demodulation.  The varying voltage can be used to sound a bell indicating that someone is in the shop or to feed into an amplifier, then to speakers.
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