Generic Lab Manual:
This being a generic lab manual is not a complete description or tutorial on everything
that the test equipment is capable of measuring. But rather a quick guide on how each
piece of equipment is used and how they might be used in a lab. For further information,
read the instruction or owners manual for that particular piece of equipment.
An overview on the major functionalities of the equipment.

Multimeter.
Most basic multimeters perform 4 basic tasks;
They measure voltage, resistance, current and diode functionality.
Some advanced meters, measure frequency, capacitance, temperature.
For this course you only need to obtain an accurate voltage and resistance meter.
You can derive the capacitance and current measurements from those readings.
Read the instruction meter that came with your meter to understand its functions and
limitations.

Caveat
Most Multimeters measure in RMS (Root Mean Square) the average voltage, when
dealing with high frequencies the multimeter might not react fast enough to obtain an
accurate reading. The sampling rate of the meter should be at least twice as the highest
frequency being measured.
Peak voltage =Sqrt(2)*RMS
RMS= .707 * Peak voltage
The rms conversion of .707 times peak (half of peak to peak) voltage is dependent on the
waveform. The .707 works for a sine wave waveform. Anything other than a sine wave
and the true rms and calculated rms will be off.
If the waveform is sinusoidal then the rms value is 1/(squareroot(2)) times the
amplitude(when oscillating about zero).
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Reference Equations

Ohm's Law/Power Wheel

Pk, Pk-Pk, Rms, Avg

Vpp = 2Vp or Ipp = 2Ip
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Line Regulation & Load Regulation
Line Regulation:
V line (max) to V line (min)

Load Regulation:

RC Filters & LC Filters
RC Filters

(unloaded)
LC Filters

Frequency & Time
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Duty Cycle

Reactance of Capacitors & Inductors

Power & Efficiency
Power Factor is the ratio of true power to apparent power.

True Power is the power actually used.

or

Metric to English Units
To Convert

From
To:

To:
From:

Multiply By:
Divide By:

um

mils

.03937

mm

in

.03937

cm

in

.39370

m

ft

3.2808

km

ft

3280.8

km

mi

.62137
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dB
dB = -20 Log Vo/Vin

Thermal Characteristics
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B

A

to measure current, the circuit must be broken to allow the
ammeter to be connected in series
ammeters must have a LOW resistance

Think about the changes you would have to make to a practical circuit in order to include the ammeter. To start with, you
need to break the circuit so that the ammeter can be connected in series. All the current flowing in the circuit must pass
through the ammeter. Meters are not supposed to alter the behaviour of the circuit, or at least not significantly, and it
follows that an ammeter must have a very LOW resistance.
Diagram C shows the same circuit after connecting a voltmeter:
A
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to measure potential difference (voltage), the circuit is not changed:
the voltmeter is connected in parallel
voltmeters must have a HIGH resistance

This time, you do not need to break the circuit. The voltmeter is connected in parallel between the two points where
the measurement is to be made. Since the voltmeter provides a parallel pathway, it should take as little current as possible.
In other words, a voltmeter should have a very HIGH resistance.
Which measurement technique do you think will be the more useful? In fact, voltage measurements are used much more
often than current measurements.
The processing of electronic signals is usually thought of in voltage terms. It is an added advantage that a voltage
measurement is easier to make. The orginal circuit does not need to be changed. Often, the meter probes are connected
simply by touching them to the points of interest.
An ohmmeter does not function with a circuit connected to a power supply. If you want to measure the resistance of a
particular component, you must take it out of the circuit altogether and test it separately, as shown in diagram D:
A

D

to measure resistance, the component must be removed from the circuit altogether
ohmmeters work by passing a current through the component being tested

Ohmmeters work by passing a small current through the component and measuring the voltage produced. If you try this
with the component connected into a circuit with a power supply, the most likely result is that the meter will be damaged.
Most multimeters have a fuse to help protect against misuse.
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Switched range multimeter
The central knob has lots of positions and you must choose which one is appropriate for the measurement you want to make.
If the meter is switched to 20 V DC, for example, then 20 V is the maximum voltage which can be measured, This is
sometimes called 20 V fsd, where fsd is short for full scale deflection.
For circuits with power supplies of up to 20 V, which includes all the circuits you are likely to build, the 20 V DC voltage
range is the most useful. DC ranges are indicated by
on the meter. Sometimes, you will want to measure
smaller voltages, and in this case, the 2 V or 200 mV ranges are used.
What does DC mean? DC means direct current. In any circuit which operates from a steady voltage source, such as a
battery, current flow is always in the same direction. Every constructional project descirbed in Design Electronics works in
this way.
AC means alternating current. In an electric lamp connected to the domestic mains electricity, current flows first one
way, then the other. That is, the current reverses, or alternates, in direction. With UK mains, the current reverses 50 times
per second.

For safety reasons, you must NEVER connect a multimeter to the mains supply.
An alternative style of multimeter is the autoranging multimeter:
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Autoranging multimeter
The central knob has fewer positions and all you need to do is to switch it to the quantity you want to measure. Once
switched to V, the meter automatically adjusts its range to give a meaningful reading, and the display includes the unit
of measurement, V or mV. This type of meter is more expensive, but obviously much easier to use.
Where are the two meter probes connected? The black lead is always connected into the socket marked COM, short
for COMMON. The red lead is connected into the socket labelled V mA. The 10A socket is very rarely used.

Up
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Using the multimeter as a voltmeter, measure the power supply voltage and then measure the voltages at points A, B and C.
What do you notice about your results?

The four resistors are connected in series, making a chain known as a potential divider, or voltage divider. The total
voltage is shared between the four resistors and, allowing for tolerance, each resistor receives an equal share. (You will find
out a lot more about potential dividers in the next Chapter.)
Modify the circuit, replacing one or more of the 10

resistors with 1

or 100

values. Are the results as you expect?

The diagram below shows a light sensor circuit built in a similar way:
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Multimeter Tutorial

Diode Test
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Multimeter, digital or analog
Assorted batteries
One light-emitting diode (Radio Shack catalog # 276-026 or equivalent)
Small "hobby" motor, permanent-magnet type (Radio Shack catalog # 273-223 or
equivalent)
Two jumper wires with "alligator clip" ends (Radio Shack catalog # 278-1156, 2781157, or equivalent)

A multimeter is an electrical instrument capable of measuring voltage, current, and
resistance. Digital multimeters have numerical displays, like digital clocks, for indicating the
quantity of voltage, current, or resistance. Analog multimeters indicate these quantities by
means of a moving pointer over a printed scale.
Analog multimeters tend to be less expensive than digital multimeters, and more beneficial as
learning tools for the first-time student of electricity. I strongly recommend purchasing an
analog multimeter before purchasing a digital multimeter, but to eventually have both in your
tool kit for these experiments.

CROSS-REFERENCES
Lessons In Electric Circuits, Volume 1, chapter 1: "Basic Concepts of Electricity"
Lessons In Electric Circuits, Volume 1, chapter 8: "DC Metering Circuits"

LEARNING OBJECTIVES
●
●
●

How to measure voltage
Characteristics of voltage: existing between two points
Selection of proper meter range

ILLUSTRATION

file:///C|/Documents%20and%20Settings/user/Desktop/classes%2008/311/voltmeter%20useage.html (1 of 5)2/2/2008 2:14:47 PM

