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Equipment Use and Safety
[bookmark: _Toc350403707]Overview
In this module, basic use and safety of multimeters and power supplies will be discussed.  
[bookmark: _Toc350403708]Requirements
To meet all requirements for this lab, you must complete all activities, questions, critical thinking activities and questions, and observations and conclusions.  Compile all results into an APA formatted lab report and submit on line.
[bookmark: _Toc350403709]Course Objectives
· Demonstrate proper operating techniques and evaluate for proper operation the following list of test equipment: 
· DC power supply
· Digital multimeter
· Understand the limitations of the various test equipment.
[bookmark: _Toc350403710]Module Objectives
· Identify safe practices of using a digital multimeter when measuring current, voltage, and resistance
· Identify safe practices for the testing and replacement of fuses in digital multimeter.
· Identify proper settings for resistance measurements in analog and digital multimeters.
· Identify safe practices when using batteries. 
[bookmark: _Toc350403711]Activities
1. Assessment
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[bookmark: _Toc350403712]Introduction
There are two basic pieces of equipment that will be used throughout this course: the multimeter and the power supply.  The multimeter is a tool for measurement and the power supply is what provides direct current (DC) to the experiments.  Multimeters are digital or analog and are available in either bench or handheld models.  Power supplies can range from feature rich bench top models to a common household battery.  In this module, you will become familiarized with the various types of multimeters and power supplies and how to safely operate them.
[bookmark: _Toc350403713]Multimeters
One of the most commonly used tools in an electronics technician’s tool bag is the multimeter.  This tool is used to measure voltage, current, resistance, and to check components such as diodes.  There are essentially three types of meters that are commonly encountered.  These are the bench top digital multimeter, the handheld digital multimeter, and the handheld analog meter.  The bench top DMM provides ease of use and a high level of accuracy.  Handheld DMMs offer affordability and portability as well as ease of use.  The analog multimeter, while not as common, offers an alternative to digital measurement and is also portable and provides real time measurement. 
[bookmark: _Toc350403714]Digital Multimeter (DMM)
[image: http://sub.allaboutcircuits.com/images/00341.png]Using an electrical meter safely and efficiently is perhaps the most valuable skill an electronics technician can master, both for the sake of their own personal safety and for proficiency at their trade. It can be daunting at first to use a meter, knowing that you are connecting it to live circuits that may harbor life-threatening levels of voltage and current.  This concern is not unfounded, and it is always best to proceed cautiously when using meters.  Even for experienced technicians, it is carelessness, more than any other factor, which causes electrical accidents.  [bookmark: _Toc344891520]Figure 1:  Digital Multimeter

The digital multimeter, or the DMM, comes in both handheld and bench versions.  They have the ability to measure resistance, voltage, and current.  The bench meter is slightly different, having pushbutton selections rather than a knob, and having a few more features, but overall bench and hand held meters have the same functions and safety considerations. 
The basic concepts of the handheld and bench DMM are similar.  There is an LED/LCD screen to show the measurement, and a method for choosing what is being measured.  On the bench models, there are push buttons for DC Volts, DC Amps, AC Volts, AC Amps, and others.  On the handhelds, there is a rotary selector switch with different measurement positions it can be set in: two "V" settings, two "A" settings, and one setting in the middle with an ohms (Ω) symbol on it representing resistance.   
Of the two "V" settings and two "A" settings, you will notice that each pair is divided into unique markers with either a pair of horizontal lines (one solid, one dashed), or a dashed line with a squiggly curve over it.  The parallel lines represent "DC" while the squiggly curve represents "AC.”  The "V" stands for "voltage" while the "A" stands for "amperage" (current).  The meter uses different techniques, internally, to measure DC than it uses to measure AC, and so it requires the user to select which type of voltage (V) or current (A) is to be measured.  Although we have not discussed alternating current (AC) in any technical detail, this distinction in meter settings is an important one to bear in mind. 
It is important to set the proper range.  If too high, the meter will display “OL,” or sometimes “0.”  If too low, the meter will display a very small number (0.001) or 0.000.  If it is auto-ranging (like the bench model), it will adjust where the decimal point is.
[bookmark: Lead,_test][bookmark: Test_lead]There are three different sockets on the multimeter face into which we can plug test leads.  Test leads are nothing more than specially prepared wires used to connect the meter to the circuit under test.  The wires are coated in a color-coded (either black or red) flexible insulation to prevent the user's hands from contacting the bare conductors, and the tips of the probes are sharp, stiff pieces of wire.
The black test lead always plugs into the black socket on the multimeter: the one marked "COM" for "common.”  The red test lead plugs into either the red socket marked for voltage and resistance, or the red socket marked for current, depending on which quantity you intend to measure with the multimeter.
[bookmark: _Toc350403715][image: http://sub.allaboutcircuits.com/images/00342.png] Measuring DC Voltage
To see how this works, let us look at a couple of examples showing the meter in use.  First, we will set the meter to measure DC voltage from a battery.  Figure 2 shows the two test leads plugged into the appropriate sockets on the meter for voltage, and the selector switch has been set for DC "V.” [bookmark: _Toc344891521]Figure 2:  Measuring DC Voltage




[bookmark: _Toc350403716]Measuring AC Voltage
[image: http://sub.allaboutcircuits.com/images/00343.png]For measuring AC, only difference in the setup of the meter is the placement of the selector switch (figure 3).  Because voltage is being measured, the test leads will remain plugged in the same sockets.  In both of these examples, it is imperative that you not let the probe tips come in contact with one another while they are both in contact with their respective points on the circuit. If this happens, a short-circuit will be formed, creating a spark and perhaps even a ball of flame if the voltage source is capable of supplying enough current (figure 4). 
[image: http://sub.allaboutcircuits.com/images/00344.png] 



[bookmark: _Toc344891522]Figure 3:  Short Circuit
[bookmark: _Toc344891523]Figure 4: Measuring AC Voltage Correctly



Safety Considerations of Measuring Voltage
Voltage measurement is perhaps the most common function of a multimeter. Voltage is the primary measurement taken for safety purposes and needs to be understood by the operator. Because voltage is relative between two points, the meter must be firmly connected to two points in a circuit before it will provide a reliable measurement. To prevent possible shock, use test leads with a spring clip or other gripping device to connect to the circuit.  This ensures that at least one hand is kept free and helps to prevent a path to ground through your body.
[bookmark: _Toc350403717][image: http://sub.allaboutcircuits.com/images/00345.png]Measuring Resistance
Using a multimeter to check for resistance is a fairly simple task. The test leads will be kept plugged into the same sockets as for the voltage checks, but the selector switch will need to be turned until it points to the resistance (Ω) symbol. After touching the probes across the device whose resistance is to be measured, the meter should properly display the resistance in ohms, as shown in figure 5. [bookmark: _Toc344891524]Figure 5:  Measuring Resistance

Measuring resistance must be done on de-energized components. When the meter is in "resistance" mode, it uses a small internal battery to generate a tiny current through the component to be measured. By sensing how difficult it is to move this current through the component, the resistance of that component can be determined and displayed. If there is any additional source of voltage in the meter-lead-component-lead-meter loop to either aid or oppose the resistance-measuring current produced by the meter, faulty readings will result. In a worse case situation, the meter may even be damaged by the external voltage. 
[bookmark: Continuity][bookmark: _Toc350403718]Measuring Continuity
[image: http://sub.allaboutcircuits.com/images/00346.png]The resistance mode of a multimeter is also useful in determining wire continuity.  When there is a good, solid connection between the probe tips, simulated by touching them together as shown in figure 6, the meter shows almost zero Ω. If the test leads had no resistance in them, it would read exactly zero, however, since there is resistance in the wires, the meter will show a very small number. [bookmark: _Toc344891525]Figure 6:  Measuring Continuity

[image: http://sub.allaboutcircuits.com/images/00347.png]If the leads are not in contact with each other, or touching opposite ends of a broken wire, the meter will indicate infinite resistance, usually by displaying dashed lines or the abbreviation "OL" which stands for "open loop,” as shown in Figure 7.
[bookmark: _Toc344891526]Figure 7:  Open Loop

[bookmark: _Toc350403719]Measurement of Current
By far the most hazardous and complex application of the multimeter is in the measurement of current. The reason for this is quite simple: in order for the meter to measure current, the current to be measured must be forced to go through the meter. This means that the meter must be made part of the current path of the circuit rather than just be connected off to the side somewhere as is the case when measuring voltage.  This configuration is known as “being in series.”   In order to make the meter part of the current path of the circuit, the original circuit must be "broken" and the meter connected across the two points of the open break. To set the meter up for this, the selector switch must point to either AC or DC "A" and the red test lead must be plugged in the red socket marked "A".  Figure 8 illustrates a meter all ready to measure current and a circuit to be tested.   Next, the circuit is broken in preparation for the meter to be connected (Figure 9).  
Finally, the meter is inserted in-line with the circuit by connecting the two probe tips to the broken ends of the circuit, the black probe to the negative (-) terminal of the 9-volt battery and the red probe to the loose wire end leading to the lamp (Figure 10).
	[image: http://sub.allaboutcircuits.com/images/00348.png]
	[image: http://sub.allaboutcircuits.com/images/00349.png]
	[image: http://sub.allaboutcircuits.com/images/00350.png]

	[bookmark: _Toc344891527]Figure 8:  Measuring Current

	[bookmark: _Toc344891528]Figure 9:  Break the Circuit

	[bookmark: _Toc344891529]Figure 10:  Insert the Meter




[bookmark: Ammeter]Safety Consideration When Measuring Current

A potential hazard of using a multimeter in its current-measuring ("ammeter") mode is failure to put it into a voltage-measuring configuration before measuring voltage.  The reasons for this are specific to ammeter design and operation. When measuring circuit current by placing the meter directly in the path of current, it is best to have the meter offer little or no resistance against the flow of electrons. Otherwise, any additional resistance offered by the meter would impede the electron flow and alter the circuits operation. Thus, the multimeter is designed to have practically zero ohms of resistance between the test probe tips when the red probe has been plugged into the red "A" (current-measuring) socket. In the voltage-measuring mode (red lead plugged into the red "V" socket), there are many mega-ohms of resistance between the test probe tips, because voltmeters are designed to have close to infinite resistance (so that they do not draw any appreciable current from the circuit under test). 
When switching a multimeter from current- to voltage-measuring mode, it is easy to spin the selector switch from the "A" to the "V" position and forget to switch the position of the red test lead plug from "A" to "V.” The result -- if the meter is then connected across a source of substantial voltage -- will be a short-circuit through the meter! 
To help prevent this, some multimeters have a warning feature by which they beep if ever there's a lead plugged in the "A" socket and the selector switch is set to "V.” While this can help avert damage, most meters have fuses to protect them from damage.
[bookmark: _Toc350403720]Fuses
Meters of all types are very likely to contain fuses.  As you start to use meters, you will find that fuses will blow.   Mistakes made while measuring current are common for new students and the fuse protects the meter from being ruined.  When the fuse has blown, the meter will still operate, though you may get erroneous readings, particularly for current.  If you get voltage and resistance measurements that are close to expected, but current readings are extremely low, suspect a blown fuse.
Checking a Fuse
You can visually inspect a fuse to see if the wire inside is broken.  However, it is difficult to tell for certain.  Because the wire provides continuity through the fuse, you can use an ohmmeter to check for continuity.  Most DMM have a setting that looks like a speaker, this is the continuity checker.  It provides an audible tone if the fuse is still functional, or will indicate “OL” or other visual indicator for no continuity.
A multimeter can also be used to check its own current fuse by setting the selector switch to the resistance position and creating a connection between the two red sockets like as shown in Figure 11:
[image: http://sub.allaboutcircuits.com/images/00352.png]





[bookmark: _Toc344891530]Figure 11:  Checking a Meter's Fuse




A good fuse will indicate very little resistance while a blown fuse will always show "OL," or whatever indication that model of multimeter uses to indicate no continuity. The actual number of ohms displayed for a good fuse is of little consequence, so long as it is an arbitrarily low figure. 
Replacement of Fuses
After an open fuse is found and the trouble that caused the fuse to open has been corrected, the fuse must be replaced. Before you replace the fuse, you must be certain the replacement fuse is the proper type and fits correctly.  
To be certain a fuse is the proper type; check the technical manual for the equipment. The parts list will show you the proper fuse identification for a replacement fuse.  If you cannot obtain a direct replacement, use the following guidelines:
· Never use a fuse with a higher current rating, a lower voltage rating, or a slower time delay rating than the specified fuse.
· The best substitution fuse is a fuse with the same current and time delay ratings and a higher voltage rating.
· If a lower current rating or a faster time delay rating is used, the fuse may open under normal circuit conditions.
· Substitute fuses must have the same style (physical dimensions) as the specified fuse.
[bookmark: _Toc350403721]Analog Multimeter
[image: ]Other meters you may encounter are “VOM” (Volts-Ohm-Milliammeter) and “VTVM” (Vacuum Tube Voltage Meter).  In the case of the VTVM, it is unlikely that you will encounter one, but the term is still used.    The VOM is not as common, but is still used in some applications.  This is an analog device that measures Resistance, Voltage, and Current using linear and nonlinear scales.   
There are several advantages in using the Simpson 260: instantaneous results and portability.  Instantaneous because as the technician makes adjustments, the needle will move without the delay, albeit small, that exists in the digital multimeter due to the process of analog to digital conversion.  Analog multimeters are relatively small and can be carried easily.  However, there are disadvantages.  They lack the precision and accuracy of a digital multimeter and are susceptible to damage caused by environment factors and human errors.   A major disadvantage is parallax error.  Parallax error is defined as the apparent displacement of the position of an object because of the difference between two points of view. In the case of meters, this means the position of a meter’s pointer will appear to be at different positions on the scale depending on the angle from which the meter is viewed. [bookmark: _Toc344891531]Figure 12:  Simpson 260 

Analog and digital multimeters differ slightly when measuring voltage and current.  However, when measuring resistance, there are significant differences.  Measuring resistances with the analog multimeter requires making the appropriate range setting using a multiplication factor.  Always set the meter to a higher range than anticipated, then touch the leads together and zero the meter using the ZERO dial.  This must be done each time you change the range.  It is also important to understand that for very small or very large resistances, you may not be able to get an accurate reading.  In addition, when measuring very small resistance, it is possible that the meter will load the resistance.  This means that the small voltage used by the meter when measuring resistance can negatively affect the component being measured.  
In comparison, the handheld digital multimeter has a dial with settings at 200 Ω, 2,000 Ω, 20,000 Ω, 200,000 Ω, 2,000,000 Ω, and 20,000,000 Ω.  The bench top digital multimeter has auto ranging, which simplifies measurement readings as it automatically adjusts to the amount of resistance being measured.  It also has internal protections to prevent the adverse effects of taking measurements on the wrong setting or using the incorrect range.   Below is a chart comparing the range settings for each type of meter.  You can see that they are essentially the same, but the DMM settings are more intuitive than the multiplication factor used by the analog meters.

Table 1: Analog Meter Multiplication Factors
	Ohmmeter Settings – Analog Meter

	Multiplication Factor 
	Range of Resistance

	R x 1
	0 - 200 Ω

	R x 100
	200 – 20,000 Ω

	R x 1000
	Over 20,000 Ω



Table 2:  DMM Resistance Range Settings
	Ohmmeter Settings – Handheld Digital Multimeter

	Range Setting 
	Range of Resistance

	200 
	0 - 200 Ω

	2,000
	200 – 2,000 Ω

	20,000
	2,000 - 20,000 Ω

	200,000
	20,000 – 200,000 Ω

	2,000,000
	200,000 – 2,000,000 Ω

	20,000,000
	Over 2,000,000 Ω





[bookmark: _Toc350403722]Protecting Yourself
[bookmark: _Toc350403723]Measuring Current
When you use an ammeter, certain precautions must be observed to prevent injury to yourself or others and to prevent damage to the ammeter or the equipment on which you are working. The following list contains the MINIMUM safety precautions to observe when using an ammeter.
· Ammeters must always be connected in series with the circuit under test.  That means they must be inserted into the circuit at the point being measured.
· Always start with the highest range of an ammeter.
· Deenergize and discharge the circuit completely before you connect or disconnect the ammeter.
· In dc ammeters, observe the proper circuit polarity to prevent the meter from being damaged.
· Never use a dc ammeter to measure ac.
· Observe the general safety precautions of electrical and electronic devices. (United States Navy, 1998)
[bookmark: _Toc350403724]Measuring Voltage
Just as with ammeters, voltmeters require safety precautions to prevent injury to personnel and damage to the voltmeter or equipment. The following is a list of the MINIMUM safety precautions for using a voltmeter.
· Always connect voltmeters in parallel.
· Always start with the highest range of a voltmeter.
· Deenergize and discharge the circuit completely before connecting or disconnecting the voltmeter.
· In dc voltmeters, observe the proper circuit polarity to prevent damage to the meter.
· Never use a dc voltmeter to measure ac voltage.
· Observe the general safety precautions of electrical and electronic devices. (United States Navy, 1998)
[bookmark: _Toc350403725]Measuring Resistance
The following safety precautions and operating procedures for ohmmeters are the MINIMUM necessary to prevent injury and damage.
· Be certain the circuit is deenergized and discharged before connecting an ohmmeter.
· Do not apply power to a circuit while measuring resistance.
· When you are finished using an ohmmeter, switch it to the OFF position if one is provided and remove the leads from the meter.
· Always adjust the ohmmeter for zero (or ∞ in shunt ohmmeter) after you change ranges before making the resistance measurement. (Analog) (United States Navy, 1998)
[bookmark: _Toc350403726]Protecting the Equipment
The electrical measuring instruments included in test equipment are delicately constructed and require certain handling precautions to prevent damage and to ensure accurate readings.   While it is possible to find very inexpensive handheld DMMs, bench top models and higher quality handheld models can be very expensive.  Analog meters can also be expensive.
To prevent damage to electrical measuring instruments, you should observe the precautions relating to three hazards: mechanical shock, exposure to magnetic fields, and excessive current flow.
MECHANICAL SHOCK.—Instruments contain permanent magnets, meters, and other components that are sensitive to shock. Heavy vibrations or severe shock can cause these instruments to lose their calibration accuracy.
EXPOSURE TO STRONG MAGNETIC FIELDS.—Strong magnetic fields may permanently impair the accuracy of a test instrument. These fields may impress permanent magnetic effects on permanent magnets, moving-coil instruments, iron parts of moving-iron instruments, or in the magnetic materials used to shield instruments.
EXCESSIVE CURRENT FLOW.—this includes various precautions, depending on the type of instrument. When in doubt, use the maximum range scale on the first measurement and shift to lower range scales only after you verify that the reading can be made on a lower range. If possible, connections should be made while the circuit is de-energized. All connections should be checked to ensure that the instrument would not be overloaded before the circuit is reenergized.
[bookmark: _Toc350403727]Other Instrument Precautions
· Precautions to be observed to prevent instrument damage include the following:
· Never leave an instrument connected with its pointer off-scale or deflected in the wrong direction. (analog)
· Never attempt to measure the internal resistance of a meter movement with an ohmmeter since the movement may be damaged by the current output from the ohmmeter.
· Before measuring resistance, always discharge any capacitors in the circuit to be tested. Note and record any points not having bleeder resistors or discharge paths for capacitors.
· Always disconnect voltmeters from field generating or other highly inductive circuits before you open the circuit. (United States Navy, 1998)


[bookmark: _Toc350403728]Power Supplies  
A direct current (DC) power supply can be either a variable triple output bench model or a battery.  For most modules, a 9 V battery will be a sufficient power source for your experiments.    Be aware that some functionality will be loss when using a battery and that variable DC power supplies can be purchased at low cost.
[bookmark: _Toc350403729]Bench Power Supplies
A bench power supply normally provides 0 – 24 V of DC voltage.  For safety reasons, the amount of current is usually limited to not more than 1 Amp.  As you have read, it is the current that is of greater concern.  In future modules, you will learn that even with a steady low voltage, as you incorporate resistance into your circuits, the amount of current will vary.    
[bookmark: _Toc350403730]Triple Output DC Power Supply 
The triple output DC power supply is commonly found in electronics labs due to its ease of use, relative safety and multiple outputs.  Shown below is a typical triple output power supply.  The triple output is due to it having two variable outputs and one fixed output.  The variable outputs typically supply 0-30 V of DC with the current limited to help protect equipment, components, and especially, people.  As you will learn in later modules, voltage, current, and resistance form a relationship called “Ohm’s Law.”  In short, when one of those changes, the other two will either change directly or inversely proportionate in response.     For working with digital electronics and other applications requiring 5 V, there is an output with fixed voltage and current settings.  In future modules, the specifics of how to set up the power supply will be discussed.
DC Power Supply
The Triple Output Power Supply as shown in the figure is fairly common and the directions following should be generic enough for a variety of models.
In the figure, a box is drawn around the set of controls for one of the variable outputs.  The C.V. and C.C indicator lights let you know whether current or voltage is being held constant.  For our purposes, we want a constant voltage.   The output also has three input jacks, one labeled “-,” one labeled “+,” and one labeled “GND.”  When setting up your circuit, you will use the “-“and “+.”  In future modules, you will need to insert a ground point into your circuit.  At that time, you will use the “GND” input. 
[image: ]Notice that each of the two variable outputs is labeled Master and Slave.  In the center, there are a set of buttons which allow you to set whether the two outputs operate in series (additive), in parallel (supply the same current/voltage), or independently.  For most purposes, the power supply needs to be set as independent.[bookmark: _Toc344891532]Figure 13:  Triple Output Power Supply

[bookmark: _Toc350403731]Safety Considerations
Normal lab safety procedures should always be observed when using a power supply.  Ensure that the settings for current and voltage are both set to zero before connecting a circuit and turning on the power.  If you are working with a sensitive circuit, it could be damaged by excessive current or voltage.  
[bookmark: _Toc350403732]Batteries
Batteries are an alternative to a DC Power Supply as described above.  Regular batteries (AAA, AA, C, and D) are 1.5 V.  For most DC experiments, however, a single regular 9 V batter would be sufficient.   They are very simple to use and relatively safe as well.
[bookmark: _Toc350403733]Safety Considerations
When using a battery, it is important to inspect it to ensure there is no leakage or corrosion.  Also, because they are a finite source, it is necessary to test them with a voltmeter to ensure that you are still getting the nominal voltage.  Use a DMM to measure the voltage.  A battery with less than 9V will not provide expected results.  
[bookmark: _Toc350403734]Conclusion
The multimeter and the power supply are the two basic pieces of test equipment that are needed to successfully complete a DC lab course.  You will find you need a variety of components (resistors, potentiometers, bulbs), but the need for the meter and power supply will not vary.   You should now have a basic understanding of multimeters and power supplies and how to safely use them in future lab experiments. 


Assessment: Equipment Use Quiz
1) The most common function of a multimeter is to measure:
a) Current
b) Resistance
c) Voltage
d) Power
2) When measuring AC Voltage, if the test leads  come into contact with one another while measuring the live circuit, there will be:
a) An open circuit
b) a short circuit
c) a long circuit
d) nothing
3) When measuring resistance, the components must be:
a) De-energized
b) Energized
4) The most hazardous and complex application of the DMM is the measurement of:
a) Current
b) Resistance
c) Voltage
d) Power
5) When replacing a fuse in the multimeter: 
a) Use a fuse with a higher current rating.
b) Use a fuse with a higher time delay rating
c) Use any fuse that will fit in the holder.
d) Use a fuse with the same current and time delay ratings and a higher voltage rating
6) Analog meters are:
a) Less accurate than digital multimeters
b) Subject to parallax error
c) Are susceptible to damage by human error
d) All of the above.
7) To measure between 200 and 20,000 ohms of resistance with an analog meter:
a) Set the multiplication factor to R x 1
b) Set the multiplication factor to R x 100
c) Set the multiplication factor to R x 1000
d) None of the above
8) To measure between 200 and 2,000 ohms of resistance with a digital meter:
a) Set the range dial to “200.”
b) Set the range dial to “2,000”
c) Set the range dial to “20,000”
d) None of the above
9) When measuring current,
a) Connect the ammeter in series with the circuit being tested
b) Always start with the highest range on the ammeter
c) De-energize or discharge the circuit completely before connecting the ammeter.
d) All of the above
10) When measuring Voltage:
a) Always connect the voltmeter in parallel with the component being tested
b) Always start with the highest range of the voltmeter
c) Never use the DC Voltage setting to measure AC Voltage.
d) All of the above
11) When measuring Resistance:
a) De-energize or discharge the circuit before connecting the ohmmeter
b) Do not apply power when measuring resistance
c) Turn the meter to the OFF position when finished measuring resistance.
d) All of the above
12) Test equipment is subject to:
a) Mechanical shock
b) Exposure to magnetic field
c) Excessive current flow
d) All of the above
13) Which batteries have 1.5 V?
a) AAA 
b) AA
c) C
d) D
14) When using batteries, it is important to:
a) Check them for leakage
b) Check them for corrosion
c) Check them with a voltmeter
d) All of the above


15) 

Equipment Use 
References & Additional Resources
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[bookmark: _Toc350403736]List of Sources
· Figures
· Figures 1- 11 are from All About Circuits by Tony Kuphaldt
· Figure 12 is from NEETS Module 3
· Figure 13 created by Rebecca Evenhus
· Text 
· Multimeters
· “Digital Multimeters” has been adapted primarily from All About Circuits by Tony Kuphaldt with further adaptations from the US Navy’s NEETS Module 3.
· “Analog Multimeter” by Rebecca Evenhus, Olympic College.
· Protecting Yourself
· Adapted from the US Navy’s NEETS Module 3.
· Power Supplies
· Created by Rebecca Evenhus, Olympic College
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