

Alysson Vidal


Measuring Voltage with a Voltmeter

General Introduction

In order to understand how to measure voltage with a voltmeter, the students must also understand what they are measuring and how the instrument they are using works. This is why I have included five different specific learning outcomes in this lesson. All of the outcomes are related to really understanding the use of the voltmeter. I have not included the full use of the multimeter, which can also measure amperage and resistance, because the lesson would be covering too much material. However, subsequent lessons on measuring amperage and resistance would work together with this lesson nicely, as it will be reinforcing the base knowledge and simply introducing new manipulative techniques. Voltmeters are described below and can be of the analog or digital style. I have introduced both in this lesson, as each school’s supplies will vary.

The Voltmeter
“The potential difference, or change in electric potential, between two points is measured with a voltmeter. Current flows through a resistor because of a potential difference applied by a battery or power supply. Potential difference is commonly measured in units of volts (V) or millivolts (mV = 10-3 V). Common usage refers to a potential difference relative to ground (0.0 V) as simply the voltage, though it is prudent to call it by its correct name to emphasize the way it is measured. The potential difference across a circuit element is measured by placing the two leads of a voltmeter on the two sides of the element. Its removal will not change the circuit.” (http://www.physics.udel.edu/~watson/phys345/lab/meters.html)

Safety Considerations

· Don't use a meter with a cracked housing or probes with bare wires showing.
· Never use the ohm setting on a multimeter on live voltage. You will damage the meter.
· Use a voltage probe or test light if you just want to check if a circuit is live.
· Extreme care is required in using the ammeter function of any multimeter. If you attempt to use the multimeter as a voltmeter when it has been left in the ammeter function, the internal fuse will be destroyed!
· A complete circuit is needed before electric current will flow, a convenient feature for working safely with laboratory circuitry. If you do not plug in the power supply or turn it on, you can work on most circuits without fear of being shocked. Therefore, when setting up a circuit, turning on the power should be the last step, and turning off the power is the first step before touching or changing any section of the circuit. 

· Another safety guideline is to always work with one hand behind your back or safely out of the way; i.e., do not use both hands for wiring. Damaging current flow through your upper chest may result if your body serves to complete a circuit between your right and left hands. Most death by electrocution is caused by fibrillation, disruption of the body's nerve signals controlling rhythmic beating of the heart, induced by modest current flow through the chest area. 
· Analogue meters (containing moving needles) must be used very carefully. The meter has an overall low resistance so as not to affect the circuit in which it is placed. An ammeter connected in parallel may draw a large current and be ruined.

· The meter must be placed with its negative (black) terminal connected to the low


voltage side of the circuit and the positive (red) terminal to the high voltage side. 
· A meter should always be set to its highest possible reading when first connected in the circuit. If the needle does not deflect enough to make an accurate measurement, select a lower value in the current range. (Digital multimeters are not as sensitive to incorrect hook-up as are analogue meters.)

http://www.ehow.com/how_16767_voltmeter.html, 

http://www.physics.udel.edu/~watson/phys345/lab/meters.html,

http://www.edu.gov.mb.ca/ks4/cur/science/found/physics40s/unit3_topic1.pdf
Curriculum Objectives
Senior 1
Cluster 0: Overall Skills and Attitudes

	Scientific Inquiry 

	S1-0-5a. Select and use appropriate methods and tools for collecting data or information.
GLO: C2
TFS: 1.3.1




	Cluster 3: Nature of Electricity

	Specific Learning Outcomes
	General Learning Outcome Codes


	S1-3-09 
	Define electric current as charge per unit time and solve related problems. 

Include: 

I=Q/t 


	GLO: C2, C3, D4 

	S1-3-10 
	Define voltage (electric potential difference) as the energy per unit charge between two points along a conductor and solve related problems. 

Include: 

V=E/Q 


	GLO: C2, C3, D4 

	S1-3-13 
	Construct electric circuits using schematic diagrams. 

Include: 

series, parallel 


	GLO: C3, D4, E4 

	S1-3-14 
	Use appropriate instruments and units to measure voltage (electric potential difference), current, and resistance. 
	GLO: C2, C3, D4 

	S1-3-15 
	Compare and contrast voltage and current in series and parallel circuits. 

Include: 

cells, resistance


	GLO: C3, D4


Procedural Understanding Sequence
· Introduce the voltmeter with the class.
· “A voltmeter is an instrument that we use to measure the voltage in a circuit. The unit we use for voltage is a volt (V). The term voltage is described as the potential difference between two points. In other words, voltage measures the change in energy for every unit of charge from one point in the circuit to the other. A battery produces a “surge” of energy, so we say that the battery creates a potential difference of how ever many volts. A 12 Volt battery creates a potential difference of 12 volts. On a circuit, if we measure the voltage from one side of the battery to the other, we will obtain a reading of 12 volts”.
· Perform the measurement of the potential difference over a battery and show the reading to the class. (Note: A meter reading exercise will follow the introduction.) 
· “This is how much energy the battery produced from one side to the other for every unit of charge. This energy also creates a flow of electrons. In other words, it causes a charge to be carried throughout the circuit. This flow of electrons or carried charge is called “current”. As the current (which could be said to “carry the energy”) travels throughout the circuit, the voltage will “drop” at various points, like at a resistor or at a light bulb. Why might this happen? Think about what we know about energy so far”. (Hint: Energy Transfers).

· “It happens because the resistor and the light bulb use some of the energy passing through them and transform it into either heat (in the case of the resistor) or light (in the case of the light bulb). So, measuring voltage across a resistor in a circuit (from one end of the resistor to the other) will give us another voltage reading”.
· Perform the measurement of the potential difference over the resistor and show the reading to the class.

· “In this case, the resistor is “draining” the energy, rather than creating a surge of energy, so the potential difference is actually negative. When the current passes through the light bulb, it will also “drain” the energy and there will be another negative potential difference.
· Perform the measurement of the potential difference over the light bulb and show the reading to the class.

· Imagine a simple series circuit with one resistor, one light bulb, and a battery. From what you know about circuits, what will happen after the current has passed through each circuit element once?”
· “The circuit will start again, or the current will continue to flow. Why does this happen?”
· “As the current returns to the battery it has lost all of its energy per unit charge through the different elements in the circuit. It “needs” a new surge of energy to get the current flowing again. What will give the current a “surge” of energy?”
· “That is the battery’s job. And so, the circuit starts over again”. 
· Explain how to measure the voltage with the voltmeter, including all safety precautions. Students can copy down the following steps:
1. Plug the probes into the meter. Red goes to the positive (+) and black to the negative (-).
2. Turn the selector dial or switch to the type of measurement you want. We will be measuring direct current so we will select DCV.  To measure alternating current, such as a wall outlet, you would use ACV.

3. Choose the range setting. The dial may have options from 5 to 1000 on the DCV side and 10 to 1000 on the ACV side. The setting should be the top end of the voltage you are reading. If you are measuring 750 V, you would use the setting just above this voltage, 1000V or 1kV, and then adjust setting if the reading is out of this range.
4. Turn the meter on.

5. Hold the probes by the insulated handles and touch the red probe to the positive side of a DC circuit or either side of an AC circuit. Touch the other side with the black probe.

6. Read the digital display or analog dial.
· One thing we must always remember about potential difference is that we can only measure the difference from one point on the circuit to the other. In other words, you must always have two leads hooked up to the circuit to get a voltage reading. If you are trying to determine the voltage at one particular spot, you are comparing that spot to ground, or 0.0 V.

· Demonstrate a few readings for the class, step by step, and explain how to read variable range scales. Be sure to demonstrate a reading that does not register a voltage or does not allow the bulb to light. But do not explain the results in terms of series and parallel circuits as this is part of the activity.
· Hand out a variety of voltage readings that the students must label. (Appendix 1).
· Begin Activity. (Appendix 2).
References

The activity has been adapted from Neil Jenning’s Teacher’s Guide, “How to Use a Voltmeter,” found at ELECTRIC890.html
Other websites referenced are cited in the introduction and the section on safety precautions.
For each of the digital multimeters below, record the voltage reading. The multimeters have been set to measure DC Voltage. The arrows indicate which setting has been selected.
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For each of the analog multimeters below, record the voltage reading. The scale ascends in increments of 200 volts. The first two multimeters are set on the dial to DC Voltage and are measuring the voltage in millivolts (10 E-3 V). The third multimeter is set on the dial to DC Voltage and is measuring the voltage in volts. 
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Reading Voltage with a Voltmeter

Reviewing the Concepts

A voltmeter is an instrument that we use to measure the voltage in a circuit. The unit we use for voltage is a volt (V). The term voltage is described as the potential difference between two points. In other words, voltage measures the change in energy for every unit of charge from one point in the circuit to the other.

In This Activity . . .

You will explore the question: "What's the correct way to connect a voltmeter in a
circuit?"


Your task will be to construct various circuits with the voltmeter, one bulb/holder, one
"D" battery, one resistor and four wires. Each group should draw each circuit they construct, record whether or not the bulb lights, and record the measured voltage. 

Create a table or chart of your observations. One example is given below:

	Circuit 
	Light Bulb (on/off)
	Voltage Reading 
	Other Observations

	Diagram 1
	On
	200 mV
	Voltmeter placed across resistor

	Diagram 2
	On
	0.0V
	The voltmeter read 200mV until I touched the other lead to the wire





Application Questions

After our class discussion, answer the following questions.

Examine the three types of circuits you’ve produced. 

1. What are the advantages of each type of circuit?

2. What are the disadvantages of each type of circuit?

3. Which type of circuit is the correct way to connect the voltmeter? Explain your choice with a diagram and at least a three sentence explanation.

Final Exercise
In your group, use the additional bulb/holder, battery and two wires. Each member of the group should diagram a circuit with all of the circuit elements. The group should then
take turns constructing each member’s circuit and having a different member correctly test the voltage as many ways as possible.


 

�The exploration is not directly related to the class introduction, but is intended to apply its foundational concepts. A review of series and parallel circuits may be useful for this exploration.


�If you are not confident that the students have a grasp on the safety issues involved, check the settings and placement of meters before the student turns on the power supply.


�For those students having difficulty with the activity, encourage their discovery with questions such as, "Where else in this circuit could you place the meter?" "What would you need to change to make this a parallel circuit?" "How could you change this diagram to create a new circuit?"


�At this point in the activity, gather the class for a discussion. Draw three single bulb/single battery circuits on the board. Ask the following questions: 


“How could the voltmeter be connected to this circuit so that the bulb lights and the voltmeter reads zero?" (Diagram responses.)


"How could the voltmeter be connected to this circuit so that the bulb doesn't light and the voltmeter does register a voltage?"  (Diagram responses.)


"How could the voltmeter be connected to this circuit so the bulb lights and the voltmeter does register a voltage? (Diagram responses.)


"Did you construct any other circuits?" (All should be one of the three types above).


Circle the diagram in which both the light and voltmeter worked. Reinforce that when a voltmeter is hooked up correctly, in parallel in a circuit, the circuit works (the bulb lights).


�Observe the students’ performance of this consolidation activity and assess understanding with questioning.





