Introduction to Electronic Equipment

Introduction to Electronic Equipment

Introduction

This semester you will be exploring electricity amégnetism. In order to make your time in
here more instructive we've designed this labosatexercise to introduce you to some of the
equipment you’ll be using in this course. Sometled terms that will be used will be more
thoroughly explained in subsequent labs, but wllused here without much explanation to get you
started.

Here is a list of the equipment you will be usingday:

1. DC (Direct Curren) power supply. This is a source of voltage whose polarity does n
change, as it does in an A@lternatingCurrent) voltage source. Standard electrical outlets
supply AC voltage. Using this power supply will jost like using a dry cell battery, except
that you will be able to vary the voltage used.

2. Signal Generator. This device generates an AC signal in the fornsioé, saw tooth, or
square wave. The frequency (the rate at whiclsitpeal’s polarity changes) as well as the
amplitude (which, in this exercise, will be the gaas the voltage) can be varied to the user’s
choosing. This will be a safer and more flexibleraative to using the AC voltage from a
wall socket.

3. Digital Multimeter. As the name implies, this device measures nfeters) multiple
guantities associated with electrical circuits. mlltimeter can be used asveltmeter (to
measure voltage), aammeter (to measure current, bothC andAC) and anohmmeter (to
measure resistance).

4. Oscilloscope. This piece of equipment looks to be the most gsinfy of all the equipment
you’ll be using today. It is, however, essentigllgt a voltmeter that can show time varying
changes in the voltage.
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Part 1. Measuring Voltage, Current, and Resistance with a Digital
Multimeter.

Fluke 77 Radio Shack Temna

Three different multimeters are provided for thad:l the Fluke 77, the Radio Shack, and the
Tenma. The operation of these multimeters is ggiit@lar, so we will focus here on the Fluke 77.
The large central knob is used to determine the typmeasurement that is made. The types of

measurements that can be madeAfevoltage (v ), DC voltage (v ), DC voltage below 300 mV

(300 v ), resistance @), AC current (A ) andDC current (A ). The sensitivity of the meter can be
selected by pressing the yellow button on the cesftéghe knob. The meter has a 4% digit display
(four full digits plus the first digit that can le&ther 1 or nothing), so positive or negative valtrem

0 to 19,999 can be displayed. Pressing the yelloob can shift the decimal point, or you can use
the autorange function that automatically setsdéeimal point. You should always use the most
sensitive scale possible to obtain the maximum rarrabsignificant figures.

At the bottom of the multi-meter are four jacks.e$b are used to connect the object being
measured to the multimeter. To measie volts, AC volts, and ohms, use the two jacks labeled
"V Q" and "COM". When measuring voltages, theQV jack (red) is positive and the "COM" jack
(black) is negative. To measuk&e or DC currents, use the "10A" or the "300mA" jack and th
"COM" jack. The "300mA" jack is for measuring cumte less than 300 mA, and the "10A" jack is
for measuring currents greater than 300mA but thas 10A. If you are ever unsure about the
amount of current in a circuit, it is always bestuse the higher 10A connection first to avoid
damaging the meter or blowing the fuse for the IL8@mMA connection. If you find that your meter
is not functioning properly, you can check the gniiy of the fuse by using another multimeter to
measure the resistance of the ammeter circuit (wklwould be only a few ohms, not “OL” for
overload or infinite resistance, which usually cates that the fuse has been blown and needs to be
replaced). If your multimeter takes a long timestabilize when reading a voltage, the battery may
be low (indicated by the “low battery” symbol oretHisplay). Your lab instructor can assist you if
you need help replacing either a fuse or a batt@tye accuracies of the multimeters are provided in
the appendix.
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How to Use the DMM:

In this segment, we’ll be measuring voltage, curramd resistance with a digital multimeter.
Voltageis the difference in electrical potentiadtween two points in a circuit measured in units of
Volts. Current is the amount of electricity flowinthrough a circuit segment measured in units of
Amperes or Amps Resistances the opposition to current flow measured in uoft®hms

First set up a simple circuit by connecting the Isdnght bulb to the power supply with two
banana plug cordsMake sure the power supply is turned all the waywao (the control knob
should be rotated fully counterclockwise).

Note: the color of the wires is not of critical importan
The color helps identify polarity (red for positjydack for
negative) and is used as a standard visual aid.

Slowly turn the power supply control knob clockwisatil the bulb glows with medium
brightness (the knob should be about halfway tonth&imum value on the scale, the exact position
is not critical). Be careful not to burn out the bulb by supplyingaaonuch voltage! Do not change
this setting, as it will be used in the procedurat tfollows this one. We will now measure the
voltage that the power supply is providing to tirewdt.

DO NOT turn the power supply much past the halfwagint —
setting the voltage higher than this easily damadgies bulbs!

Turn the multimeter on, set it to measure DC Vahd plug in wires from the meter to the power
supply. The wires should plug into the multimeietio the socket marked “COM” (the negative
terminal) and the socket marked with a “V”. Thegees should then plug into the power supply on
top of the wires to the light bulb (“piggy-back’/&). You are now measuring the voltagpeoss the
two terminals of the power supply. In the spacavigled below, write the voltage with the correct
units and uncertainty.

Note: According to the manufacturer, the Fluke 77 metge rated with an accuracy6{0.3% of
reading + least significant digit) for voltagesween 0.001 V and 320 V. (Example: 10.00V.63 +
.01)V) The Micronta meters are rated with an accyiE + (0.5% of reading + least significant digit)
for voltages between 300 mV and 3 V, an@l.0% of reading + least significant digit) forltames
between 3 V and 1000 V.

+

Voltage of power Supply:

What doesit mean if you get a
negative value for the voltage? (hint: polarity)
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We will now use the multimeter to measure the arterough the circuit. Since measuring the
current through a circuit is much different than measuring Yloltage across two points in a circuit,
we will have to adjust how we put the multimeteoithe circuit. The circuit path must be broken
and the ammeter connected so that the currentdeddo pass through the multimeter.

Switch the power supply off without touching thenttol knob. Remove the multimeter wires
from the power supply. On the multimeter, movewhe from the socket marked “V” to the socket
marked “300 mA”. Now remove one of the wires rungnto the light bulb and replace it with the
multimeter and its wires. Plug one wire from theltimeter into the power supply and the other into
the light bulb. Set the multimeter to measure D@p& and switch the power supply back on. Your
meter should now be measuringrrent flowing through the circuit. In the space provided below,
write the current with the correct units and unaiet.

Note: The Fluke 77 meters are rated with an accurdey (@.5% of reading + 2 * least significant
digit) for currents up to 10A. The Micronta metars rated with an accuracy ®{1.0% of reading +
least significant digit) for currents up to 30 mA,(1.5% of reading + least significant digit) for
currents between 30 mA and 300 mA, and2.0% of reading + least significant digit) forroents
between 0.3 A and 10 A.

+

Current through the cir cuit:

What doesit mean if you get a
negative valuefor the current?

We will use the multimeter for one last measuremanthis circuit. We will measure the
resistance of the light bulb. Resistance is meabsur a similar way to measuring voltage. The mete
wires are placed on either side of circuit elemamd the resistance is read off of the meter. The
difference between a voltage measurement and staese measurement is that the multimeter, when
put into resistance mode, passes a small curremtigh the circuit element using it's own battery.
Resistance measurements must be made with the component removed from the circuit.

Switch the power supply off again. Remove thetlighlb from the circuit completely. Set the
multimeter’'s control knob to the setting marke@”“(this is Greek symbol omega, which is the
symbol used for Ohms). Connect a wire from one sitthe bulb to the ¥ socket and another wire
from the COM socket to the other side of the bullbake sure to record your value with the correct
units.

Note: The Fluke 77 meters are rated with an accurday(6.5% of reading + least significant digit)
for resistances up to 3.2®1 The Micronta meters are rated with an accuraey (@£0% of reading +
least significant digit) for resistances up to 3@, + (2.0% of reading + least significant digit) for
resistances between 30@kand 3 M2, and + (3.5% of reading + least significant digit) for
resistances between 3(Mand 30 M2.

Resistance of thelight bulb (power off):

+
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Part 2. Measuring Voltage with an Oscilloscope.

This part of the lab will be very similar to partriithat you’ll be measuring voltage from a simple
DC circuit. You will be using an oscilloscope g case, however.

A brief discussion of oscilloscopes

An oscilloscope functions very much like a telesrstube, where a beam of electrons is directed
towards the back of the screen by variable eleamitt magnetic fields. The screen is covered with a
phosphor coating that fluoresces when struck byetbetrons. A further, more in depth discussion
can be found in a number of electronic referencéeri@s. The most important controls on the
oscilloscope are the gain, asteep settings. Thgain setting (measured ixolts per divisiof
adjusts the scale of the verticabltage coordinate. Thesweepsetting (measured iseconds per
division) adjusts the horizontal scale of the horizotitak coordinate. The screen of the oscilloscope
looks very much like a Cartesian coordinate systehine coordinate axes are divided into large
divisions (about 1cm in length) and smaller divimon between the larger ones.

The large divisions along the vertical are refetieds the gain units of volts per division. So, i
you were measuring the voltage oA battery (maximum of 1.5 volts) with a gain settiof1
volt/division, you would see a the horizontal tra¢¢he scope appear at 1.5 large divisions abowe t
center line (with correct polarity; below the limgth polarity reversed). If the gain setting were
changed to 2 volts/division, the trace would ap@anits above the centerline.

The large divisions on the horizontal scale arerrefl to as the sweep units of seconds per
division. A higher sweep setting will show more tbe signal trace (like a wide angle lens on a
camera). A low sweep setting will zoom in on a Bengart of the signal trace. The sweep setting
will help you to fit a signal trace onto the scresmthat better measurements can be taken from it.
The sweep is used most often when dealing with @siynal, while the gain is used to adjust both
AC and DC signals.

Note: The inner knobs on the Gain and Sweep settingg bruturned fully clockwise to ensure
that they are calibrated properly; otherwise yoeasurements may be inaccurate.

Intensity of heamn  Vertical postion . i
: Horizontal position

Power

Input One  Input Two ‘
Voltage scale Time scale
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Procedure

First you will need to power up the oscilloscop@ amake sure it's set up correctly. You should
see a bright green horizontal line across the scréeljust the vertical position of the trace lunetil
it lines up with the centerline of the oscilloscap@l. Adjust the intensity and/or focus until yget
a thin focused line. You are now ready to meatheesoltage of your DC power supply visually.

Connect banana plug wires from the power suppyeooscilloscope (remember polarity!). As
before, set the voltage at about half the maximatting). If you do not see the horizontal trace any
more, adjust the gain setting until the trace isible again. Record the gain setting and the
displacement of the trace on the screen.

Gain setting on scope:

Number of divisions:

+

+

Voltage of power supply:

What doesit mean if you get a
negative value for the voltage?

Now we will be dealing with an AC signal. This s& will come from asignal generator
These devices might seem just as confusing asaliossope, with just as many knobs and switches;
a signal generator does just what its name impliggnerates a signal. You specify the frequency
and the waveform (we will be dealing only with siaed square waves) and it generates a signal to
your specifications. The most important contraks therange switchesthe function switchesand
the fine adjust knob With the range switches, you can adjust betwleequencies as low as a
fraction of a cycle per second (Hz) to millionsaykles per second (MHz). The function switches
select between sine, square, and sawtooth waverpstt The fine adjust knob tells you where in the
range (selected by the range switches) you are kiibb typically has a scale that runs from 0 to 1.
So if you had selected the 1kHz range and set itlod ko about 0.75, you would be dealing with a
signal whose frequency was about 750Hz.

NOTE: Always turn the amplitude knob to its maximuwalue (i.e. all the way
clockwise) this will give you the full signal frorthe generator.

48 University of North Carolina



Introduction to Electronic Equipment

Set up the oscilloscope as you did in the preveraion (make sure you have zeroed the trace,
etc.). Connect the oscilloscope to the signal ggoewith banana plug wires. Power up the signal
generator and set it to give a 60Hz sine wave.u#dhe sweep and gain until two complete cycles
can be seen on your screen. Once you have thal sigrthe screen, determine its frequency noting
the sweep setting and the number of divisions far ©ycle of the waveform.

Sweep setting on scope: (sec/div)

Number of divisionsfor one cycle:

+

Period: +

Frequency of signal: +

Isthefrequency you deter mined the same as
what you expected from the signal generator?

If not, have your TA help you.
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