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[bookmark: _GoBack]AEL4 Unit 8bc: Projects
Printer-friendly version of exercises + key to exercises

1) AEL4U8bc_ R1_Intro_to_Multimeters.jcl
Specialist Reading 1: Introduction to the Use of Multimeters
Gap-fill exercise
Read the text and complete all the gaps by choosing the correct option from this list:
alligator      circuits      consists      conventionally      current      difference      illuminated      needle      plugged      resistance      test      tool      voltage
A digital multimeter (DMM) is an indispensable ___________________ that you can use to ___________________ electrical components, learn about various electronic designs, and diagnose ___________________. Hence the 'multi'-'meter' (multiple measurement) name. The most basic things we measure are voltage and current. A multimeter is also great for some basic checks and troubleshooting. Is your circuit not working? Does the switch work? Put a meter on it! 
A multimeter ___________________ of three parts: a display, selection knob and ports. The display usually has four digits and the ability to display a negative sign. A few multimeters have ___________________ displays for better viewing in low-light situations. The selection knob allows the user to set the multimeter to read different things such ___________________ milliamps (mA) of ___________________, ___________________ (V) and ___________________ (Ω). Two probes are ___________________ into two of the ports on the front of the unit. COM stands for “common” and is almost always connected to Ground or ‘-’ of a circuit. The COM probe is conventionally black but there is no ___________________ between the red probe and black probe other than color. 10A is the special port used when measuring large currents (greater than 200mA). mAVΩ is the port that the red probe is ___________________ plugged in to. This port allows the measurement of current up to 200mA, voltage, and resistance. There are many different types of probes available for multimeters, for example ___________________-tipped, banana or ___________________ clips.
Text adapted from: https://learn.sparkfun.com/tutorials/how-to-use-a-multimeter/all
Key:
A digital multimeter (DMM) is an indispensable tool that you can use to test electrical components, learn about various electronic designs, and diagnose circuits. Hence the 'multi'-'meter' (multiple measurement) name. The most basic things we measure are voltage and current. A multimeter is also great for some basic checks and troubleshooting. Is your circuit not working? Does the switch work? Put a meter on it! 
A multimeter consists of three parts: a display, selection knob and ports. The display usually has four digits and the ability to display a negative sign. A few multimeters have illuminated displays for better viewing in low-light situations. The selection knob allows the user to set the multimeter to read different things such as milliamps (mA) of current, voltage (V) and resistance (Ω). Two probes are plugged into two of the ports on the front of the unit. COM stands for “common” and is almost always connected to Ground or ‘-’ of a circuit. The COM probe is conventionally black but there is no difference between the red probe and black probe other than color. 10A is the special port used when measuring large currents (greater than 200mA). mAVΩ is the port that the red probe is conventionally plugged in to. This port allows the measurement of current up to 200mA, voltage, and resistance. There are many different types of probes available for multimeters, for example needle-tipped, banana or alligator clips.
2) AEL4U8bc_ R2_Measuring_Voltage.jqz
Specialist Reading 2: How to Use a Multimeter to Measure Voltage
Quiz
Read the text and choose the correct option for each item.
[bookmark: _Hlk119606630][bookmark: _Hlk119606919][bookmark: _Hlk119606987][bookmark: _Hlk119606962]To start, let's measure voltage on a AA battery: Plug the black probe into COM and the red probe into mAVΩ. Set the multimeter to "2V" in the DC (direct current) range. Almost all portable electronics use direct current, not alternating current. Connect the black probe to the battery's ground or '-' and the red probe to power or '+'. Squeeze the probes with a little pressure against the positive and negative terminals of the AA battery. If you've got a fresh battery, you should see around 1.5V on the display.
If you're measuring DC voltage (such as a battery or a sensor hooked up to an Arduino) you want to set the knob where the V has a straight line. AC voltage (like what comes out of the wall) can be dangerous, so we rarely need to use the AC voltage setting (the V with a wavy line next to it). If you're messing with AC, we recommend you get a non-contact tester rather than use a digital multimeter.
[bookmark: _Hlk119609965]What happens if you switch the red and black probes? The reading on the multimeter is simply negative. Nothing bad happens! The multimeter measures voltage in relation to the common probe. How much voltage is there on the ‘+’ of the battery compared to common or the negative pin? 1.5V. If we switch the probes, we define ‘+’ as the common or zero point. How much voltage is there on the ‘-’ of the battery compared to our new zero? -1.5V.
[bookmark: _Hlk119610473][bookmark: _Hlk119610587]Multimeters are generally not autoranging. You have to set the multimeter to a range that it can measure. For example, 2V measures voltages up to 2 volts, and 20V measures voltages up to 20 volts. So if you've measuring a 12V battery, use the 20V setting. What happens if you select a voltage setting that is too low for the voltage you're trying to measure? Nothing bad. The meter will simply display a 1. This is the meter trying to tell you that it is overloaded or out-of-range. Whatever you're trying to read is too much for that particular setting. Try changing the multimeter knob to the next highest setting.
Now let's construct a simple circuit to demonstrate how to measure voltage in a real-world scenario. The circuit is simply a 1kΩ and a LED powered with a power supply stick. To begin, let's make sure the circuit you are working on is powered up correctly. If your project should be at 5V but is less than 4.5V or greater than 5.5V, this would quickly give you an indication that something is wrong and you may need to check your power connections or the wiring of your circuit. 
With some force, push the probes onto two exposed pieces of metal. One probe should contact a GND (ground) connection. One probe to the VCC (voltage at the common collector) or 5V connection. We can test different parts of the circuit as well. This practice is called a nodal analysis, and it is a basic building block in circuit analysis. By measuring the voltage across the circuit, we can see how much voltage each component requires. Let's measure the whole circuit first. Measuring from where the voltage is going in to the resistor and then where ground is on the LED, we should see the full voltage of the circuit, expected to be around 5V.
Text adapted from: https://learn.sparkfun.com/tutorials/how-to-use-a-multimeter/all





1) Where should you plug the red probe on the multimeter when measuring voltage on a AA battery?
A. Into COM.
B. Into mAVΩ.

2) How should the multimeter be set when measuring voltage on an AA battery?
A. To 1.5V.
B. To 2V.
C. To 20V.

3) When measuring voltage on an AA battery, where should you connect the black probe?
A. To the battery's ground or '-'.
B. To power or '+'.

4) What is the voltage of a new AA battery?
A. 1.5V.
B. 2V.
C. 12 V.
D. 20V.

5) How is the measuring of DC voltage designated on the multimetre?
A. By a V with a wavy line.
B. By a V with a straight line.
C. By an AC.

6) What can you use to measure AC voltage?
A. A multimeter.
B. A non-contact tester.
C. Both.

7) What happens if you switch the red and black probes?
A. The multimeter will display a 1.
B. Nothing bad.
C. The reading on the multimeter will be negative.
D. Both B and C.

8) What happens if you select a voltage setting that is too low for the voltage you're trying to measure?
A. The multimeter will display a 1.
B. Nothing bad.
C. The reading on the multimeter will be negative.
D. Both A and B.

9) What should you do after the multimeter displays a 1?
A. Change the multimeter knob to the next lowest setting.
B. Change the multimeter knob to the next highest setting.
C. Set the multimeter to 1.
D. Use the 20V setting.

10) By a nodal analysis, you can measure how much voltage each circuit component requires.
A. True.
B. False.

Key:
1) Into mAVΩ.
2) To 2V.
3) To the battery's ground or '-'.
4) 1.5V.
5) By a V with a straight line.
6) Both.
7) Both B and C.
8) Both A and B.
9) Change the multimeter knob to the next highest setting.
10) True.

3)
AEL4U8bc_ Gr_matching.jmt
Grammar: Matching
Matching exercise
Match the two halves of the sentences, so that they make sense.
	1) The fuse disabled the flow of current
	by constructing a contraption from coils under a power line.

	2) Capacitance was increased successfully
	by experimenting with quick bursts of a magnetic field.

	3) The sharp oscillation was softened
	by incorporating alternating current.

	4) The culprit attempted to steal electricity
	by installing more capacitors in parallel to each other.

	5) The design of power networks was changed forever
	in order to prevent a possible fire hazard.

	6) The electromagnetic pulse technology is currently being improved
	in order to protect the circuit from voltage spikes.

	7) Modern electric sockets have a safety grounding
	to prevent injury.






Key:
1) The fuse disabled the flow of current in order to prevent a possible fire hazard.
2) Capacitance was increased successfully by installing more capacitors in parallel to each other.
3) The sharp oscillation was softened in order to protect the circuit from voltage spikes.
4) The culprit attempted to steal electricity by constructing a contraption from coils under a power line.
5) The design of power networks was changed forever by incorporating alternating current.
6) The electromagnetic pulse technology is currently being improved by experimenting with quick bursts of a magnetic field.
7) Modern electric sockets have a safety grounding to prevent injury.

4) AEL4U8bc_ Gr_By_vs_To.jqz
Grammar: By or To?
Quiz
Choose the correct option to fill in the gaps.
By, to, using
1) ____ measure current, you have to physically interrupt the flow of current and put the meter in-line.
2) The fuse disabled the flow of current ____ burning itself in order ____ prevent a possible fire hazard.
3) ____ looking at the current consumption of different boards that have failed, he could identify what was wrong with the board.
4) Capacitance was increased successfully ____ installing more capacitors in parallel to each other, enabling the device to sustain the output for longer periods of time.
5) Switch your probe to the 10A side, just ____ be safe.
6) The sharp oscillation was softened ____ a capacitor in order ____ protect the circuit from voltage spikes.
7) ____ using the 10A port and the knob setting, you will only be able to read down to 0.01A or 10mA.
8) The culprit attempted to steal electricity ____ constructing a contraption from coils under a power line ____ lower his electricity bill.
9) Now let's construct a simple circuit ____ demonstrate how to measure voltage in a real-world scenario.
10) The design of power networks was changed forever ____ incorporating alternating current ____ allow long-range transmission.
11) Start ____ removing the battery plate and the battery.

Key:
1) To measure current, you have to physically interrupt the flow of current and put the meter in-line.
2) The fuse disabled the flow of current by burning itself in order to prevent a possible fire hazard.
3) By looking at the current consumption of different boards that have failed, he could identify what was wrong with the board.
4) Capacitance was increased successfully by installing more capacitors in parallel to each other, enabling the device to sustain the output for longer periods of time.
5) Switch your probe to the 10A side, just to be safe.
6) The sharp oscillation was softened using a capacitor in order to protect the circuit from voltage spikes.
7) By using the 10A port and the knob setting, you will only be able to read down to 0.01A or 10mA.
8) The culprit attempted to steal electricity by constructing a contraption from coils under a power line to lower his electricity bill.
9) Now let's construct a simple circuit to demonstrate how to measure voltage in a real-world scenario.
10) The design of power networks was changed forever by incorporating alternating current	to allow long-range transmission.
11) Start by removing the battery plate and the battery.

5) AEL4U8bc_ Gr_By-To_Transformations.jcl
“By” to “To” Transformations (and Vice-Versa)
Gap-fill exercise
Fill in the transformed sentences after the arrow by choosing the correct option from this list:
by, by means of, to, using

1) The sharp oscillation was softened using a capacitor.
→ A capacitor was used ______________ soften the sharp oscillation.
2) Capacitance was increased successfully by installing more capacitors in parallel to each other.
→ More capacitors were installed in parallel to each other in order ______________ increase capacitance successfully.
3) [bookmark: _Hlk119619918]The culprit attempted to steal electricity to lower his electricity bill.
→ ______________ stealing electricity, the culprit attempted to lower his electricity bill.
4) Power can be delivered over long distances by using alternating current.
→ Alternating current is used ______________ deliver power over long distances.
5) Superconductors allow for extremely strong magnetic fields by having negligible resistance.
→ Superconductors are designed to have negligible resistance in order ______________ achieve extremely strong magnetic fields.
6) [bookmark: _Hlk119620075]Modern electric sockets have a safety grounding to prevent injury.
→ Modern electric sockets are designed to prevent injury ______________ a safety grounding.
7) Use the V with a straight line to measure DC voltage.
→ DC voltage should be measured ______________ the V with a straight line.
8) Different parts of a circuit can be measured to analyze the circuit as a whole.
→ A circuit can be analysed as a whole ______________ measuring different parts of it.
9) Use a logic analyzer to inspect the digital signals.
→ Inspect the digital signals ______________ a logic analyser.

Key:
1) A capacitor was used to soften the sharp oscillation.
2) More capacitors were installed in parallel to each other in order to increase capacitance successfully.
3) By stealing electricity, the culprit attempted to lower his electricity bill.
4) Alternating current is used to deliver power over long distances.
5) Superconductors are designed to have negligible resistance in order to achieve extremely strong magnetic fields.
6) Modern electric sockets are designed to prevent injury by means of/using a safety grounding.
7) DC voltage should be measured using/by means of the V with a straight line.
8) A circuit can be analysed as a whole by measuring different parts of it.
9) Inspect the digital signals using/by means of a logic analyser.

6)
AEL4U8bc_ How_to_Replace_Fuse.jcl
How to Replace a Fuse in a Multimeter
Gap-fill exercise
Put the sentences in the first column in the correct order. Then leave the task open and focus on the second column. It gives you some clues how to improve the sentences stylistically. The clues are in the CORRECT ORDER. Use these clues and write a new, improved manual. Then check your answer in the key.

	1) Always replace the correct fuse with the correct type. In other words, replace the 200mA fuse with a 200mA fuse.
	To change the fuse,…

	2) First, find your mini screw driver, and start taking out screws. The digital multimeter is pretty easy to pull apart.
	Start by…

	3) Gently lift up on the fuse, and it will pop out.
	--

	4) Lift the face of the multimeter slightly. Now you can see the hooks on the bottom edge of the face.
	… to see…

	5) Next, remove the two screws hiding behind the battery plate.
	… with a little force to…

	6) Once the face is unhooked, it should come out easily. Now you can see inside the multimeter.
	By…
… to see…

	7) Remove the battery plate and the battery.
	… to pop it out.

	8) You will need to slide the face sideways with a little force and disengage these hooks.
	Make sure…


Senteces adapted from: https://learn.sparkfun.com/tutorials/how-to-use-a-multimeter/all

Key:
	Original steps in the correct order
	Improved version of the manual

	1) First, find your mini screw driver, and start taking out screws. The digital multimeter is pretty easy to pull apart.
	To change the fuse, find your mini screw driver, and start taking out screws. The digital multimeter is pretty easy to pull apart. 

	2) Remove the battery plate and the battery.
	Start by removing the battery plate and the battery.

	3) Next, remove the two screws hiding behind the battery plate.
	Next, remove the two screws hiding behind the battery plate.

	4) Lift the face of the multimeter slightly. Now you can see the hooks on the bottom edge of the face.
	Lift the face of the multimeter slightly to see the hooks on the bottom edge of the face.

	5) You will need to slide the face sideways with a little force and disengage these hooks.
	You will need to slide the face sideways with a little force to disengage these hooks.

	6) Once the face is unhooked, it should come out easily. Now you can see inside the multimeter.
	By unhooking the face, you should pull it out easily to see inside the multimeter.

	7) Gently lift up on the fuse, and it will pop out.
	Gently lift up on the fuse to pop it out.

	8) Always replace the correct fuse with the correct type. In other words, replace the 200mA fuse with a 200mA fuse.
	Make sure to replace the correct fuse with the correct type. In other words, replace the 200mA fuse with a 200mA fuse.



7) AEL4U8bc_ L_car_battery_measurement.jcl
[bookmark: _Hlk119627204]Listening: How to Use a Multimeter to Test Your Car Battery
Gap-fill exercise
Listen to the recording and fill in all the gaps below.
Recording: How to use a Multimete.mp3

TRUE OR FALSE (t x f)? 
It´s a good idea to have a multimeter at hand if you´re struggling to start your car. – ____

ANSWER THE QUESTIONS:
What parts of a car is he going to test? – The ________and the battery.
Why is he wearing safety glasses and gloves? – Because batteries can have sulfuric ____ even on top of them and he doesn´t want to get it in his ____ or eyes.
Where on the multimeter is the DC side? – On the ____.

TRUE OR FALSE (t x f)?
Hybrids may operate with a voltage higher than 20V. – ____
The red cap is always on the positive side of the battery. – ____

ANSWER THE QUESTIONS:
How to identify the positive battery terminal? – It has an identification:  a ____sign inscribed into the plastic top. 
What value does the multimeter show? – ________

TRUE OR FALSE (t x f)?
If the multimeter reading is lower than the voltage of your battery, your alternator is working. – ____

FILL IN THE GAPS:
“We would never see more than ________ volts without the engine running.
If you want to ____ your ________ voltage independent of the alternator, just ________ these steps without the car and ________ turned on.”

Key:
TRUE OR FALSE (t x f)? 
It´s a good idea to have a multimeter at hand if you´re struggling to start your car. – True

ANSWER THE QUESTIONS:
What parts of a car is he going to test? – The alternator and the battery.
Why is he wearing safety glasses and gloves? – Because batteries can have sulfuric acid even on top of them and he doesn´t want to get it in his face or eyes.
Where on the multimeter is the DC side? – On the left.

TRUE OR FALSE (t x f)?
Hybrids may operate with a voltage higher than 20V. – T
The red cap is always on the positive side of the battery. – False

ANSWER THE QUESTIONS:
How to identify the positive battery terminal? – It has an identification:  a plus sign inscribed into the plastic top. 
What value does the multimeter show? – 13.85 V / thirteen point eight five volts

TRUE OR FALSE (t x f)?
If the multimeter reading is lower than the voltage of your battery, your alternator is working. – F

FILL IN THE GAPS:
“We would never see more than thirteen point two / 13.2 volts without the engine running.
If you want to check your battery voltage independent of the alternator, just repeat these steps without the car and headlights turned on.” 
8) AEL4U8bc_ L2_Procedure_of_Testing_Battery.jcl
Procedure of Testing Your Car Battery
Gap-fill exercise
How good is your memory? What do you remember from the previous listening task? Put the steps of the procedure in the correct order. The sentences in italics are in the correct order already. After you finish, check your answer by watching the video.
1) Connect the red probe to the positive battery terminal.
2) Set the multimeter to the DC side.
3) Make sure you put on all the right safety gear.
4) Check your vehicle manual for correct voltage setting.
5) Keep the engine running and turn the headlights on.
6) Double-check you´ve identified the positive terminal.
7) Take reading from the multimeter.
8) Connect the black probe to a metal surface to provide the negative earth.

[bookmark: _Hlk119627268]Video at: https://www.youtube.com/watch?v=goZ6riJ8uq8&ab_channel=Repco

Key:
1) Keep the engine running and turn the headlights on.
2) Make sure you put on all the right safety gear.
3) Set the multimeter to the DC side.
4) Check your vehicle manual for correct voltage setting.
5) Connect the red probe to the positive battery terminal.
6) Double-check you´ve identified the positive terminal.
7) Connect the black probe to a metal surface to provide the negative earth.
8) Take reading from the multimeter.
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