Sensitivity
[image: image1.wmf]0 volts

V

V  = 9 volts

 

 

 

O

S

ORP12

47K

With an analogue sensor it is normally desirable to adjust the sensitivity of the circuit. Rather than using a fixed resistor we can replace it with a variable resistor (or potentiometer).

Practical task: voltage divider circuits
The picture below shows a typical situation where a light sensor circuit could be useful.
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To save money and inconvenience the residents want the outside light to come on when it gets dark. They also want to be able to adjust the sensitivity from summer to winter nights.

Build the following circuit using a prototype circuit board. The variable resistor is rated at 10 k(.
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Adjust the sensitivity so that the output voltage (Vo) goes higher when your hand is moved across the LDR at a distance of approximately 100 mm. You will have to attach a multimeter to the circuit to see when this is happening.

Check this out using Crocodile Clips.
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Exercises: voltage divider circuits
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Calculate the voltages that would appear across each of the resistors marked ‘X’ in the circuits below.

2. [image: image6.wmf]In each of the following voltage divider circuits determine the unknown quantity.

[image: image7.wmf]
3. An NTC (negative temperature coefficient) thermistor is used in a voltage divider circuit as shown below. Using information from the graph shown, determine the resistance of the thermistor and hence calculate the voltage that would appear across it when it is at a temperature of:

(a) 80(C

(b) [image: image8.wmf]20(C.

4. What would happen to the voltage across the thermistor in the circuit shown above as the temperature increased?

5. What would happen to the voltage across the resistor in the circuit shown above as the temperature increased?

6. A thermistor (type 5) is used in a voltage divider circuit as shown below. The characteristics of the thermistor are shown in the graph. If the voltage V2 is to be 4.5 V at 100 (C, determine a suitable value for R1. State whether V2 will increase or decrease as the temperature drops. Explain your answer.
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Transistors
The first major breakthrough in electronics came with the invention of the diode valve at the beginning of the twentieth century. This was the first real electronic component and was to lead to the modern diode and transistor.

[image: image10.wmf][image: image11.wmf]A diode valve consisted of a heater inside a hollow rod that had been coated with a substance which released electrons when heated. This was surrounded by a thin metal cylinder, with all of this being contained in a bulb-like glass container. When the rod was heated, electrons were released but, as in any diode, the electrons could only go in one direction.

The diode was followed by the triode, which allowed the current flow to be controlled. These valves could act as electronic switches or amplifiers. Radio and television were developed using these amplifier valves. In the 1940s the first computer was built using valves ( it contained over 20,000 valves and filled a large room.

In 1947 the transistor was invented. The transistor had many advantages over valves, the main ones being size, efficiency, durability and cost. The next big advance in electronics was the integrated circuit in 1958: two transistors were fitted on a silicon chip. The developments since then have been rapid and chips now contain over a million transistors.
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Transistors (bipolar)
The transistor is a semiconductor device. This means that it is sometimes a good conductor of electricity and sometimes a poor one. A transistor is made up of three layers of semiconductor materials that are either ‘n type’ or ‘p type’.

There are two types of bipolar transistor available: pnp or npn. We will deal only with the npn type for convenience. (The only real difference is that the voltages and currents should be reversed for a pnp transistor.)

[image: image15.wmf]12 V

16 V

12 V

0 V

0 V

0 V

[image: image16.wmf]0 volts

+ 9 volts

LDR

VR


When a positive voltage of about 0.6 volts is applied across the base and emitter, the resistance between the collector and the emitter of the transistor drops from very high to very low. In other words the transistor changes from being a very poor to a very good conductor.

This means that to switch the transistor ‘on’ a small voltage of about 0.6 volts is applied to the base. When the voltage reaches 0.7 volts the transistor is fully ‘switched on’. In this condition the transistor is said to be fully ‘saturated’.

General-purpose transistor
The BC 108 is common general-purpose transistor. The diagram below shows the position of the legs when viewed from underneath the case.
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The transistor has to be connected into circuits correctly. The arrowhead on the emitter indicates the direction of ‘conventional’ current flow ( that is, opposite to the electron flow.

How does the transistor work?
[image: image19.wmf]Consider the circuit shown below.

When the switch S1 is open, no current can flow in any part of the circuit. This may seem strange since a ‘complete’ circuit appears to be made from the voltage source, through the bulb, the transistor and back to the voltage source. But, as no voltage is being applied to the base of the transistor, it is acting as a barrier to electric current.
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When switch S1 is closed, a very small voltage is applied to the base of the transistor. When this happens the transistor allows current to flow through it and the bulb will light; the transistor is said to ’switch on’.[image: image21.wmf]12 V
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Bipolar transistors amplify current. A small current flowing through the base of a transistor causes a much larger current to flow from the collector to the emitter.

The transistor as a switch
One of the main uses of a transistor is that of a very sensitive switch.

Assignment
Use Crocodile Clips or another circuit simulation package to set up the circuit below. Begin with a value of 2200 K for the base resistor R and then reduce the resistance using the values given in the table below. This can be carried out manually if a suitable package is unavailable.
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Complete the following table during your investigation.

Base resistor
value (K)
Base/Emitter
Voltage (mV)
Base current ((A)
Lamp
on/off

2200




1000




470




220




100




47




33




22




10




1




You should find that the circuit will ‘switch on’ the lamp when the base/emitter voltage drop of the transistor is 0.7 volts. You will also have noted that as the base/emitter voltage drop rises above 0.7 V the brightness of the lamp does not increase. This is because once this level has been reached, the transistor is fully ‘switched on’, or saturated.
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This diagram represents an npn transistor. It has three leads or legs.





C is the collector





B is the base





E is the emitter
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