Exercises: combined series and parallel circuits
1. For the circuit shown calculate:

(a) the resistance of the parallel combination

(b) the total circuit resistance.


[image: image66.wmf]
2. For the circuit shown calculate:

(a) the total resistance

(b) the circuit current

(c) the voltage drop across each resistor.


[image: image2.wmf]24 V


3. For the circuit shown calculate:

(a) the total resistance of the circuit

(b) the circuit current

(c) the current through each resistor

(d) the voltage drop across each resistor.
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Power in electric circuits
Electrical power is measured in watts (W). Electrical power can be converted into other forms of power using electric circuits. For example the power used in overcoming electrical resistance can be converted into heat – this is the principle of an electric fire.

The power in an electric circuit depends both on the amount of current (I) flowing and the voltage (V) applied.

The formula for power in electric circuits is:

Power = Voltage x Current (watts)
P = V x I (W)
Worked example
[image: image4.wmf]110 V

An electric household lamp consumes 60 watts from a 230 volt supply. Calculate the current drawn by the lamp and the resistance of the lamp.

[image: image5.wmf]100 ohms

Switch

Bulb



Exercises: power in electric circuits
1. In the following simplified circuit for a vacuum cleaner motor, calculate:

(a) the power consumption of the motor

(b) the voltage of the lamp

(c) the total power drawn from the power supply.
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2. The torch circuit below is supplied with two 4.5 volt batteries connected in series, with the current being 20 mA. Determine:

(a) the resistance of the bulb

(b) the voltage across the bulb

(c) the total power drawn from the supply

(d) the power drawn by the bulb.
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For many of the following exercises it would be useful to draw the circuit diagram.

3. An electric iron rated at 800 W is connected to a 230 V supply. Calculate the maximum current drawn by the iron. What is the power used by the iron at half- heat setting?

4. A kettle and a toaster use the same double socket. If the kettle draws a current of 10 A and the toaster 3 A, find the power used by each of the appliances. The two sockets are wired in parallel to a 230 V supply.

5. An electric drill draws a current of 1.5 amps from a 110 volt supply. Calculate the power rating of the drill.

6. An emergency power generator has to drive 80 lamps. Each lamp takes 60 W at 230 V. Calculate the current through each bulb if:

(a) they are connected in series

(b) they are connected in parallel.

7. How many 150 W lamps can be connected in parallel to a 250 V supply through a 5 A fuse?

8. In a stereo system each of the speakers is rated as 15 W per channel. If the supply voltage is 230 V, find the current drawn by each speaker when the system is fully on. Assume that the speakers are connected in parallel. If the system uses 2 W in wasted heat energy in normal conditions at full power, what is the current drawn from the supply and what fuse would you recommend for the mains plug?

9. The power ratings for the lamp bulbs on a car with a 12 V battery are as follows:

· headlamps – 60 W

· indicators – 24 W

· sidelamps – 6 W.

Find the current drawn by each lamp and the resistance of each bulb.

10. The rear screen heater in a car is connected to the 12 V system and draws a current of 2 A. Find the resistance of the circuit. In reality the 12 V, 0.5 A interior light is on the same circuit. State whether this is a parallel or series circuit and calculate the power and current when both lamp and heater are on.

Voltage divider circuits
Input transducers
Input transducers are devices that convert a change in physical conditions (for example, temperature) into a change in resistance and/or voltage. This can then be processed in an electrical network based on a voltage divider circuit.

If two or more resistors are connected in series (see diagram below), the voltage over each resistor will depend on the supply voltage and the ratio of the resistances.

[image: image8.wmf]Voltage divider circuits work on the basic electrical principle that if two resistors are connected in series across a supply, the voltage load across each of the resistors will be proportional to the value of the resistors.

The layouts of voltage divider circuits are conventionally represented as shown above.

A voltage divider circuit can be represented in a number of different ways. Some of these are shown below.
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Voltage divider circuit
If an input transducer changes its resistance as the physical conditions change, then the resistance change has to be converted into a voltage change so that the signal can be processed. This is normally done using a voltage divider circuit.

A typical voltage divider circuit is shown below.
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As you can see, this circuit consists basically of two resistors connected in series. As you already know, if you change the value of R1, the voltage across it will change, as will the voltage across R2. In other words, the resistors divide the voltage up between them.

Practical task
Use a prototype board to build the voltage divider circuit shown below. If the supply voltage is 6 volts, R1 = 220 ( and R2 = 330 (, what is the voltage across R2?
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The voltage across R2 is normally called the output or Vo. You should find that the voltage is divided up according to the formula
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Worked example: voltage divider circuit
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Calculate the voltage signal V2 across the resistor R2 in the voltage divider circuit below.
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Applying the voltage proportion formula:

The voltage over the 80 K resistor could be calculated in the same way, but this is unnecessary for this circuit since we can use Kirchoff’s second law to confirm the answer. The voltages over each of the components in a series circuit must add up to the supply voltage, hence the voltage over the 80 K resistor is 12 V ( 4 V = 8 V.

It is also possible to use Ohm’s law to solve these voltage divider problems.

Exercises: Voltage divider circuits
1. [image: image15.wmf]0 volts
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Calculate the voltage signal V2 across the resistor R2 in the voltage divider circuit below.

2. Calculate the voltage signal V2 across the resistor R2 in the voltage divider circuit below.
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3. [image: image17.wmf]0 volts

R  = 2.2K

V

V  = 9 volts

 

 

 

 

2

2

S

R  = 10K

 

1

Calculate the voltage signal V2 across the resistor R2 in the voltage divider circuit below.

4. Calculate the voltage signal V2 across the resistor R2 in the voltage divider circuit below.
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Simple switches can be used in voltage divider circuits to give a digital signal (that is definitely ON or OFF) to another part of a circuit.

In the example below a normally closed switch is used.
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When the switch is pressed, the voltage divider comes into use and power is supplied to the LED to give a definitely ON signal. Build the circuit in Crocodile Clips to test this.

Digital switch types
Different types of switch were described earlier but they can be wired up to suit their application. A switch with its contacts apart when it is not operating is called normally open.

Double-pole switch symbols


[image: image3.wmf]Double-pole double-throw switch (DPDT)

Double-pole single-throw switch (DPST)


Analogue input transducers
The two most common analogue input transducers are the thermistor and the light- dependent resistor (LDR).

Thermistor
A thermistor is a device whose resistance varies with temperature. It is a temperature-dependent resistor. There are two main types.

1. Negative temperature coefficient ((t or NTC) – where resistance decreases as temperature increases.

2. Positive temperature coefficient (+t or PTC) – where resistance increases as temperature increases.

The circuit symbols for and typical characteristics of the two types of resistor are shown below.
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NTC thermistors are the most commonly used.

Graph of temperature versus resistance
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The graph below shows accurately how the resistance varies with temperature for an NTC thermistor.

Strain gauges
Strain gauges are really load sensors. They consist of a length of resistance wire and when stretched their resistance changes. Strain gauges are attached to structural members (beams, etc.) and as they are loaded, a reading on a voltmeter can be obtained.
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Light-dependent resistor (LDR)
The LDR (sometimes called a photoresistor) is a component whose resistance depends on the amount of light falling on it. Its resistance changes with light level. In bright light its resistance is low (usually around 1 K). In darkness its resistance is high (usually around 1 M).
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[image: image26.wmf]
The circuit symbol and typical characteristics of an LDR are shown above.

Graph of illumination versus resistance
The graph below shows accurately how the resistance varies as the amount of illumination falling on an LDR varies.

[image: image27.wmf]Voltage divider circuits

One of the main purposes of the voltage divider circuits is to sense and process inputs from analogue sensors. In this example a thermistor will be used. The resistor R2 of the previous circuit has been replaced by an NTC thermistor.
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Practical task 1
[image: image29.wmf]Thermistor types

Build the above circuit and measure and record the output voltage (Vo) at room temperature and at a higher temperature (use your fingers to warm up the thermistor).

Measure the voltage drop and the resistance of the thermistor at both these temperatures. Check your results by calculation and record them in a simple table.

NTC thermistor
Voltage
Resistance

Low temperature



High temperature



[image: image30.wmf]This voltage divider circuit uses a light-dependent resistor or LDR. The LDR replaces R2 from the basic voltage divider circuit.
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Practical task 2
Build the above circuit and measure and record the output voltage (Vo) at normal room light conditions and when the LDR is covered (use your finger or a coin to do this).

Measure the voltage drop and resistance of the LDR at both light states. Check your results by calculation and record these in a simple table.

LDR
Voltage
Resistance

Light



Dark



Variable resistor (potentiometer)
[image: image32.wmf]A potentiometer configured as a variable resistor can be used in a circuit as a voltage or current control device. They are often used in voltage divider circuits to adjust the sensitivity of the input. In Standard Grade Technological Studies the majority of applications will use a variable resistor or a potentiometer configured as a variable resistor.

Potentiometers normally have three tags or terminals. The outer ones are connected to the ends of the resistive material and the centre one is connected to the wiper.

The spindle of the potentiometer is connected to the wiper, which is able to traverse the whole of the resistive material. As the spindle rotates, a sliding contact puts more or less resistive material in series with the circuit. In this way the resistance in a voltage divider circuit is varied.

Miniature potentiometers
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[image: image35.wmf]Most modern circuits now use miniature potentiometers or variable resistors.

Examples of miniature potentiometers (not to scale)

Voltage divider circuits
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The LDR voltage divider circuit can be set up to detect when it is light or when it is dark.
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Detects when dark



Detects when light

The above circuits should be simulated on Crocodile Clips to confirm their operation.
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