Problem solving in electronics

It is best to have a structured systems approach to solving problems in any technology sphere. This ‘systems approach’ is essential in electronics, as we cannot ‘see’ or ‘touch’ electricity.

Step 1

Identify the input(s) and output(s) of the system using a systems diagram.
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Step 2

Try to identify the process needed to enable the system to convert the input to the output. It will be helpful to look at previous work done and to do some research using study notes and books.

Step 3

Investigate possible solutions using rough block diagrams.

Step 4
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Draw up your final block diagram and discuss with your teacher before building.

Step 5

Build and test your system. Make any adjustments or alterations that are necessary.

Step 6

Evaluate your solution.

Note: the modular circuit boards are excellent for simulating solutions to real-life electronic problems. Once proved, a solution to a problem would be manufactured in a more permanent construction. This would reduce the size and cost of the system.

Problem 1
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Government legislation states that food should be stored below (18 (C. Design an electronic system that will warn the freezer user if the temperature rises above this preset level.

Specification

· For the purposes of the simulation, the alarm should sound if the temperature rises above normal room temperature.

· The alarm should alert the user even if they are not in the same room as the freezer.

Solution

· Draw a system diagram to represent a suitable system.

· Draw a block diagram of a possible solution to the problem.

· Identify all sub-systems.

· Test your solution using modular boards.

· Explain how your system works.

Problem 2

[image: image4.wmf]Process

Light

Intensity

Sound

(Buzzer)

It is often difficult for a cricket umpire to decide whether there is enough light to continue play or not.

Specification

· For the purposes of the simulation, the alarm should operate if it gets darker than the present room light-level.

· The alarm should alert the umpire.

Solution

· Draw a system diagram to represent a suitable system.

· Draw a block diagram of a possible solution to the problem.

· Identify all sub-systems.

· Test your solution using modular boards.

· Explain how your system works.

Practical task 6
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Instructions
· Draw a system diagram for the above system.

· Draw a block diagram of the system shown.

· Connect the sub-systems as shown.

· Make the power connection.

· Test out the operation of the system by pressing the switch.

· Explain what would happen if an inverter was added.

· State where the inverter would be positioned.

Switches
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Switches are the most common types of input device. Most electronic systems use switches. As shown earlier in this area of work, switches are digital devices.

The switch used in task 6 above is a normally open switch. This means it is normally off, that is at logic 0 state. You have to press the switch to turn it on and its spring will return it to its normal position when the pressure is removed.

Practical task 7

It is common for systems to have more than one input.
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This system uses an AND gate board.

Instructions

· Draw a system diagram for the system above.

· Draw a block diagram of the system shown.

· Connect the sub-systems as shown.

· Make the power connection.

· Press switch A only.

· Press switch B only.

· Press both switches at the same time.

· Explain how the AND gate works.

AND gate logic
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It can be worked out that there are four input combinations. These can be represented in a truth table. Copy the symbol and table and complete the table.
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Practical task 8
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This system uses an OR gate board.

Instructions
· Draw a system diagram for the system above.

· Draw a block diagram of the system shown.

· Connect the sub-systems as shown.

· Make the power connection.

· Press switch A only.

· Press switch B only.

· Press both switches at the same time.

· Explain how the OR gate works.

OR gate logic

It can be seen that there are four input combinations. These can be represented in a truth table. Copy the symbol and table and complete the table.
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Truth tables

Electronics is concerned with the processing of electrical signals.
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Input signals come from a variety of sources: a switch from a keyboard, a bar code reader, a temperature sensor, another part of a computer.

Output signals can have a variety of destinations: a monitor, a modem, an alarm, another part of a computer.

Digital signals can be at a high voltage level or a low voltage level.

In logic circuits a LOW signal is said to be at logic ‘0’, a HIGH signal at logic ‘1’.

[image: image16.wmf]The easiest way to represent how each gate behaves is to make use of truth tables. A truth table shows all possible combinations of inputs and outputs to a logic gate.
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A and B are the inputs and Z is the output.

Results displayed in this way are known as truth tables.

Problem 3

A washing machine manufacturer decides that to improve efficiency the washing machine should not start until two conditions have been met.
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Specification

The motor in the washing machine should only operate if:

· the water is at the correct temperature

· the water is at the correct level.

Solution

· Draw a system diagram to represent a suitable system.

· Draw a block diagram of a possible solution to the problem.

· Identify all sub-systems.

· Test your solution using modular boards.

· Explain how your system works.

Problem 4

Automatic doors should open from both inside and out. Design a simulation to solve this problem.

Specification

For this simulation a combination of light sensors and switches can be used.

· A light sensor should be used to open the doors from the other side.

· A switch should be used to open the doors from the inside.

· A solenoid unit should be used to simulate the door mechanism.

Solution

· Draw a system diagram to represent a suitable system.

· Draw a block diagram of a possible solution to the problem.

· Identify all sub-systems.

· Test your solution using modular boards.

· Explain how your system works.
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Practical task 9

This system uses a pulse generator input transducer.

Instructions
· Draw a system diagram for the system above.

· Draw a block diagram of the system shown.

· Connect the sub-systems as shown.

· Make the power connection.

· Turn the potentiometer dial on the pulse generator fully clockwise. Record the output from the system.

· Turn the potentiometer dial on the pulse generator fully anticlockwise. Record the output from the system.

· Explain in your own words what the pulse generator does.

· Is the pulse generator:

( an input transducer?

( an output transducer?

( a signal-processing device?
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Practical task 10

Instructions

· Draw the block diagram shown above.

· Press and hold the push switch and write down what happens.

· Slow down the frequency (rate of flashing) using the potentiometer on the pulse generator. Observe the LEDs throughout the system.

Practical task 11
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This task uses a Latch unit.

Instructions
· Draw a system diagram for the system above.

· Draw a block diagram of the system shown.

· Connect the sub-systems as shown.

· Make the power connection.

· Press the switch unit and record what happens.

· Now press the switch on the latch unit and record what happens in the system.

A latched system is one that remains on until it is reset. It is often called a memory system as it ‘remembers’ that the switch has been pressed until the reset on the latch is pressed.

Note: the inverter is needed because the latch unit only works as the voltage signal is dropping – this is called negative-edge triggering. The inverter allows the system to work when the voltage signal is rising, as happens with a normal switch unit. This converts the overall system to positive-edge triggering.

Problem 5
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Your Technological Studies room has an infrared burglar alarm system fitted. The trouble is that it sounds each time someone walks into the room. Redesign the system so that it works in a more acceptable fashion.

Specification

· For the purpose of this simulation the alarm should sound if a light beam is broken.

· There should be a master switch in the janitor’s office.

· The alarm should not sound when the system is not ‘set’.

· Once set, the alarm should sound if the light beam is broken.

· The alarm should continue to sound even if the burglar leaves the room.

· The janitor should be able to reset the system when the police arrive.

Solution

· Draw a systems diagram to represent a suitable system.

· Develop a block diagram of a possible solution to the problem.

· Test your solution using modular boards.

· The system is positive-edge triggered. Explain what this means.

· Evaluate your system.
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Practical task 12

This task uses a relay unit.
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Instructions
· Draw a system diagram for the above system.

· Draw a block diagram of the system.

· Connect the sub-systems as shown.

· Make the power connection.

· Press the switch unit and record what happens at the output.

The ‘clicking’ sound at the output is caused by the contacts of a switch inside the relay closing. The contacts are moved by the electromagnet energising.
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A point that must be understood is that when the relay contacts close, it provides no power to the external circuit. To drive anything from a relay, a separate power supply must be provided.
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Symbol for OR gate
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