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Lab 1: Introduction to Measurements with NI ELVIS II

Goals for Lab 1
 Learn how to build circuits on the prototyping board (PB) and how to connect them
to NI ELVIS (Educational Laboratory Virtual Instrumentation Suite) test/measurement
instruments
 Learn about Ohm’s law for resistors and the offset model for semiconductor diodes
 Learn about voltage division in DC and AC measurements
 Build your own circuits on PB and connect them to NI ELVIS test/measurement
instruments
 Perform DC current–voltage measurements:
o First, point-by-point
o Then automatically with NI ELVIS Two-Wire Current–Voltage Analyzer
 Obtain distinct current–voltage characteristics:
o Linear for a component that obeys Ohm’s law, such as a resistor
o Nonlinear for a component that does not obey Ohm’s law, such as a LightEmitting Diode (LED)
 Perform AC voltage measurements with NI ELVIS function generator and
oscilloscope
 Observe voltage division:
o In a circuit with 2 resistors, where the output voltage is proportional to the input
o In a circuit with a resistor and an LED, where the output voltage is distinct
 Observe rectification of the input AC voltage in the resistor-LED circuit and relate the
waveforms obtained with oscilloscope to the current–voltage curves obtained in DC
measurements
 Explore [for extra credit] the rectification in various resistor–LED circuits and explain
your observations
 Explore [for extra credit] whether the offset model explains the output waveforms of
your resistor–LED circuit
 Explore [for extra credit] the responses of a circuit with 2 LEDs and a load resistor
 Explore [for extra credit] the responses of a circuit with a resistor and an LED to
triangular input waveform
 Explore [for extra credit] the range of amplitudes and frequencies, within which the
NI ELVIS oscilloscope measures clean signals produced by the NI ELVIS function
generator.
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Introduction
Congratulations! You are about to begin experiments with electric circuits! Even if you
have worked with circuits before, the lab projects described in this book will be full of
information and fun; they will relate to your studies of theory and help you develop
intuitive understanding of how circuits behave.
Each lab project includes introduction, pre-lab, in-lab, and post-lab:
o Introduction provides background information that you need for lab work: read it
before doing the pre-lab
o Pre-lab includes assignments that help you prepare for lab work; complete the
pre-lab before you begin in-lab work
o In the lab, you will build circuits, measure voltages and currents, carefully record
the results and relate your results to sample data and the theory
o In the post-lab, you will explain your results and draw conclusions on their
agreement/disagreement with theory.
You will do all lab experiments with NI ELVIS II (Educational Laboratory Virtual
Instrumentation Suite)—the educational design and prototyping platform built by
National Instruments (NI) and based on NI LabVIEW, industry standard for automatic
data acquisition and control.
NI ELVIS incorporates:
o Prototyping board, on which you will build circuits
o Several data acquisition (DAQ) electronic boards that serve as test/measurement
instruments such as:
o Power supply
o Digital multimeter (DMM)
o Function generator
o Oscilloscope
Each NI ELVIS unit is connected to a PC with software that:
o Controls voltages applied to the prototyping board
o Tailors data collection to your specifications, and
o Provides real-time data processing.
This combination of NI ELVIS hardware and computer software enables the designer to
create many Virtual Instruments (VIs) for specialized instruments.
For example, in Lab 1 you will use a Two-Wire Current–Voltage Analyzer, which allows
you to collect a lot of data very quickly, compared to point-by-point measurements done
by hand, it will be really fun.
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Lab 1: Introduction to Measurements with NI ELVIS II

Basic Measurements with Electric Circuits
Voltage Measurements
Recall the basics of voltage and current measurements, which you learned in the prerequisite courses.
 By definition, voltage is the difference of electric potentials between two nodes in a
circuit, which we may denote Node A and Node B.
 Every voltmeter has
two terminals for the
two cables that
ensure electrical
connections to the
two nodes.
 This sketch shows
how to measure
voltage across a
resistor.
 If we swap the
wires, as shown on
the sketch below, the voltmeter will still measure
V probe – reference
B

B

B

B

but, due to the reverse connections, the reading has the opposite sign. We will read:
V BA = V B (the probe) – V A (the reference)
B

B

B

B

B

B

Avoid the blunder made by students who neglected to build the right connections.
 Compare the two sketches.
Notice the different
connections and the
opposite signs.
 When you do pre-lab
calculations, keep 3 or 4
significant digits to match
the accuracy of lab
measurements.
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 The voltmeter has its own internal
(input) resistance, which is usually
very high. For an ideal voltmeter the
input resistance is infinitely large
R Ideal voltmeter → ∞
In real instruments, the voltmeter
input resistance usually exceeds 1
MΩ (or 1 × 10 6 Ω).
B

B

P

P

 When we measure voltage V AB , the voltmeter’s internal resistance (between its two
terminals) is connected in parallel with all circuit components that are also connected
between these two terminals. In other words, the internal or input resistance of the
voltmeter R Voltmeter is in parallel with the equivalent resistance R AB . We expect that a
good voltmeter, whose input resistance is very high, does not disturb the circuit: all
voltages in the circuit remain unchanged after you connected the voltmeter between
Node A and Node B.
B

B

B

B

B

B

 Note that you do not have to change anything in your circuit to measure voltages: just
connect the voltmeter to the nodes of interest. Thus the voltage measurement is simple
and noninvasive.
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Current Measurements
 To measure the current that flows through a branch of your circuit we should make
this current flow through the ammeter. An ammeter has two terminals for two wires.
Through one terminal labeled Current In on the diagrams below, the current from the
circuit enters the ammeter; through the other terminal the current leaves the ammeter
and flows back into the circuit. On the diagrams below this terminal is labeled
Current Out.
 Notice that in order to measure the current we have to interrupt the circuit: the
diagrams show that instead of one Node A we work with Node A1 and Node A2.
These two nodes play distinct roles in our measurements: at Node A1 the current
leaves the circuit for the ammeter, and at Node A2 the current is returned to the
circuit.
 The current from the circuit
enters the ammeter’s
Current In terminal as
shown on this diagram
(arrows indicate the current
direction).
 This diagram shows how to
measure the current through
a resistor. Notice that the
circuit is broken at the point
where we measure the
current and the ammeter
bridges the gap.
 Notice that we make the
current pass through the ammeter. Thus the ammeter is connected in series with the
resistor in the circuit.
 If we swap the wires as shown
on this diagram, the current from
the circuit will enter the Current
Out terminal and the sign of the
current measured by the ammeter
will be reversed.
 Take a close look at these two
diagrams and make sure you
understand the relationship
between the connections of wires
and the readings on the ammeter.
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 If we swap the wires, we will measure the current that enters the Current Out
terminal of the ammeter and leaves from the Current In terminal: thus it has the same
magnitude but the opposite sign compared with the current measured before the wires
were swapped.
 Notice that you have to change your circuit in order to measure the current:
•

Before each measurement, you have to create a new node (on the diagrams
above, Node A1 and Node A2 were created from one Node A)

•

After the measurement, you have to restore the original circuit (connect
the new Node A1 and Node A2 into the same Node A and disconnect the
ammeter).
Thus a measurement of current is more complicated and more invasive than a voltage
measurement.
The ammeter being used to measure the current through a circuit component is connected
in series with that component. In other words, the internal or input resistance of the
ammeter R Ammeter is in series with the resistance of the component through which we
measure the current.
B

B

 We expect that a
good ammeter, which
does not disturb the
circuit, should have a
very low internal (or
shunt) resistance.
Usually,
R Ammiter ≈ 1Ω or less
An ideal ammeter is expected to have zero internal resistance
R Ideal ammiter = 0
B

B

B

B
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How to Build Circuits on the PB
In the lab, you will connect resistors, LEDs, and other
components to each other on a PB, which allows you to
build the circuit without soldering.
The PB used in the lab consists of several plastic blocks of
various sizes, all about 0.4 inch (10 mm) thick. Each plastic
block has many holes, into which you insert wires and plug
in resistors and other circuit components.
Inside the plastic block, metal clips snugly hold your wires,
etc., and ensure electric connections between circuit
components.
Some of the holes on PB are connected to each other behind the plastic: they form nodes,
to which you can connect several things such as a resistor and a wire that goes to the
power supply.

The picture above shows a bare PB; the picture below also includes solid lines drawn
across each group of connected holes.

The long rows of connected holes are typically used as bus lines such as +5 V or the
ground; in many experiments, they are connected to the power supply.
Note that the bus lines at the top and the bottom of the board are separated in the middle.
If you wish to have a continuous bus line throughout the length of the board, add jumper
wires.
Also, note that colored stripes along the bus lines serve for color-coding: for example, if
you choose blue for ground, you will easily see all ground bus lines are on your board.

© 2010 A. Ganago
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Short rows of 5 holes each are used to build nodes in your circuit. For example, you can
plug a resistor and a wire that goes to the power supply, as shown on the picture below.

Zoomed-in view of the same picture clearly shows that the wires are inserted in the same
rows of holes as the ends of the resistor.
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How to Sketch Connections Before
Building Your Circuit on a PB
The grid shown here can be used to sketch connections
in your circuit: it is a clever way to plan the physical
layout before building the real circuit on a PB.
The connections (nodes) between the holes are shown on
the sketch below.
Note that the grid shows a small fraction of a PB used in
the lab (see 3-D pictures on previous pages), but it is
enough for simple circuits you will build in Lab 1.
The sketch at the bottom of this page shows connections
for measurements of the current through and the voltage
across a resistor.
Make sure you understand all connections on the sketch
below (if needed, reread the previous sections).
In the pre-lab, you will have to draw similar connections
that will prepare you for effective circuit building on the
NI ELVIS PB in the lab.

© 2010 A. Ganago
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Ohm’s Law for Resistors
Ohm’s law, formulated by Georg Ohm in 1820, claims that voltage V
through a circuit element and current I across the circuit element are
proportional to each other: V = IR, where the coefficient R is called
resistance and is expected to be constant (independent of voltage or
current). The circuit symbol for a resistor looks like a
zigzag line.
When current is plotted as a function of voltage,
according to Ohm’s law, a straight line is obtained, with
the slope determined by the resistance, as sketched here.
NI ELVIS II’s Two-Wire Current–Voltage Analyzer
measures such plots automatically. The screenshot
below shows a current–voltage plot obtained with NI
ELVIS for a 200-Ω resistor. Note that the axes are
clearly labeled, which allows the user to calculate the
resistance from lab data. The control panel to the right of
the plot allows you to set the initial and final voltage, the size of voltage increment, the
current limits and other parameters of the experiment.

Ohm’s law is valid for metals and some other materials, of which we build resistors,
although their resistance depends on many parameters such as temperature. We use the
term ohmic for circuit elements that obey Ohm’s law. Nonohmic components have
nonlinear current–voltage relationships.
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The Offset Model for Semiconductor Diodes
There are many important exceptions to Ohm’s law, such as semiconductor
diodes; we call them nonohmic. The circuit symbol for a diode looks like
an arrow, emphasizing that currents flow through diodes only in one
direction, along with the arrow, when the voltage across the diode is
positive. This case is called forward-biased. (Under negative voltage, much
smaller currents can leak in the opposite direction, but we often neglect
them. This case is called reverse-biased.)
Even for a forward-biased diode, the current is not directly proportional to voltage. For
example, the screenshot below shows a plot obtained with NI ELVIS for a 1NG14 diode:

Note that, at low voltages (here, below 0.5 V), the current is negligibly small; at higher
voltages (here, above 0.7 V), it grows very rapidly. In other words, the current–voltage
dependence is strongly nonlinear.
In order to simplify algebraic equations for solving circuit
problems, this nonlinear dependence is replaced with two straight
lines in the so-called offset model sketched here. According to the
offset model, the current through a diode remains dead zero until
the voltage across it exceeds V D0 = 0.7 V (the exact value of this
offset voltage depends on the semiconductor material; for the LED
in the lab, V D0 ~ 1.7 V). When the bias voltage reaches V D0 , the
diode conducts any positive current. In this model, the voltage across the diode never
exceeds V D0 .
B

B

B

B

B

B

B
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Series Connections in Circuits on a PB and Circuit Diagrams
When two or more circuit components are connected in series, the same current flows
through them all (there is no bypass for the current). The following picture shows an
example of 2 resistors in series.

Zoomed-in view of the same picture clearly shows the rows where the wires and resistors
are inserted to ensure the series connection.
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The circuit diagram for series connection of 2 resistors is shown
here:
Note that the ground, to which the (–) terminal of the power
supply and the “bottom” of resistor R 2 are connected on the
diagram, are indeed connected to each other. Also, the ground
serves as reference node, which has zero voltage.
B

B

The rule to remember:
All ground nodes are connected to each other, and they all have zero voltage.
On the previous 3-D picture of the PB, resistor R 1 is connected to rows 34 and 37;
resistor R 2 is connected to rows 37 and 40; row 37 corresponds to the fat dot on the
circuit diagram, where R 1 and R 2 are connected to each other.
B

B

B

B

B

B

B

B

When you build circuits with resistors, it does not matter which end of a resistor connects
to the ground and which one goes to the (+) terminal of the power supply. However,
polarity is very important when you build circuits with semiconductor diodes.
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Circuits with Semiconductor Diodes
The circuit symbol for a semiconductor
diode resembles an arrow or a triangle
pointing a crossbar. The diode conducts
large currents when it is forward-biased, in
other words, when voltage is applied as
shown on this diagram; then the current
flows in the direction of the arrow.
On the 3-D pictures on the next few pages,
the diode is shown as a cylinder marked
with a band, which corresponds to the crossbar on the circuit symbol.
In circuits, a diode must be connected in series with a load resistor; otherwise the current
through it might get dangerously high.
In the lab, you will build circuits with an LED whose circuit symbol also includes wavy
arrows; the polarity requirements are the same as for other diodes.
Thus, one can envision 4 various connections for the circuit with an
LED, shown below and labeled A, B, C, D from left to right.

A

B

C

D

Of course, out of the 4 circuits, in only 2 the LED is forward-biased thus it will shine; in
the other 2 circuits, the LED is reverse-biased and it will not shine.
The corresponding 3-D pictures of the circuit board are shown on the next pages.
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One
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Two
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Three
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Four
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Voltage division
The circuit shown on this diagram is called a voltage
divider. Its output voltage equals:
VOUT = VS ⋅

R2
R1 + R 2

For example,
if V S = 6 V, R 1 = 100 Ω and R 2 = 200 Ω,
B

B

B

B

B

B

then
VOUT = VS ⋅

R2
200 Ω
= ( 6 V) ⋅
= 4V
R1 + R 2
(100 Ω) + ( 200 Ω)

However, the same pair of resistors may be differently connected to the same source and
the output, as shown on the second diagram:
Then the output changes to:
VOUT = VS ⋅
= ( 6 V) ⋅

R1
R1 + R 2

100 Ω
= 2V
(100 Ω) + ( 200 Ω)

Make sure to pay attention to all connections when you
build your circuits in the lab.
In DC measurements (when the source voltage is constant), the output voltage is
measured with a voltmeter whose reference is at the ground node, and the probe is at the
node where the two resistors connect to each other.

© 2010 A. Ganago
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Voltage Division in AC Measurements
AC measurements are made with voltages that vary with
time. Most often, we use sinusoidal voltages
V(t) = Vmax ⋅ sin(2π ⋅ f ⋅ t)
or—the same thing—
V(t) = Vmax ⋅ sin(

2π
⋅ t)
T

where f is frequency in hertz, and T is period in seconds.
In AC measurements, the source on the diagram above is a function generator, which
produces sine waves at the desired frequency f and peak voltage V max , and the output
voltage is measured with an oscilloscope. A good oscilloscope has two channels, or two
independent inputs thus it can measure both V S and V OUT at the same time.
B

B

B

B

B

B

On this screenshot, the green line corresponds to V S and the blue line to V OUT .
B

B

B

B

These waveforms were obtained with a voltage divider R 1 =100 Ω and R 2 = 200 Ω. Note
that the formulas for voltage division remain the same as discussed above.
B

© 2010 A. Ganago
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When the two resistors are swapped, as shown on this
diagram, the output waveform changes, as you can see
on the screenshot below, which was also obtained with
the NI ELVIS oscilloscope.
For comparison between DC measurements (where the
source voltage is constant) and AC measurements
(where the source voltage is sinusoidal), you may think
of an oscilloscope as a voltmeter that can rapidly read
varying signals and is connected to the circuit in exactly
the same way for both types of measurements.

Note that the oscilloscope control panel to the right of the plot on the screenshot allows
you to choose Volts/Div (volts per division on the vertical scale) in Channel 0 and in
Channel 1 independently (here, they both equal 500 mV/div). The horizontal scale is
determined by the choice of Time/Div, the same for both channels.
Also note that the NI ELVIS oscilloscope automatically measures and displays the
amplitude of signal in each channel in Vp-p, or volts peak-to-peak (Vp-p = 2 ⋅ V max for
the sine wave), and the frequency in hertz (Hz). The readings of frequency on this
screenshot agree with the 1 kHz setting on the function generator. The displayed
amplitudes of the input and output signals allow you to verify the equations for voltage
division in this experiment.
B
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AC Measurements with a Resistor–LED Circuit
Since an LED is a nonohmic circuit element, the output voltage is not directly
proportional to the input voltage.
According to the offset model, our diode conducts only
when the source voltage exceeds V D0 ~ 1.7 V. It means
that, when the source voltage remains negative or
positive but below V D0 , the current does not flow
through this circuit thus, from Ohm’s law, the voltage
measured across the load resistor remains R L zero.
B

B

B

B

B

B

The screenshot below shows the output voltage
measured across the load resistor R L = 200 Ω in a circuit with an LED.
B

B

Note that the overall shape of the output waveform agrees with our expectations: when
the input voltage is negative or positive but below ~1.7 V, the output is dead zero; when
the input exceeds ~1.7 V, the output looks like a cropped sine wave, similar to
VOUT = VIN − (1.7 V ) .
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Lab 1: Introduction to Measurements with NI ELVIS II
From comparison between the input and output waveforms, one can estimate the value of
the offset voltage as VD0 = VIN, MAX − VOUT, MAX
There are at least two ways to determine the
necessary numerical values of VIN, MAX and
VOUT, MAX from the lab data:

1. Measure the two peak values shown
with the arrows, using the Volts/Div
value or directly with cursors of the
oscilloscope
2. Use the numerical readouts of both
peak-to-peak amplitudes, along with
VIN, peak-to-peak
the relationships: VIN, MAX =
(valid because the input is a sine wave)
2
and VOUT, MAX = VOUT, peak-to-peak (because the output is zero or positive).
The effect observed on the screenshot of page 22 is called rectification: the input voltage
of alternating polarity is converted to the output voltage of constant polarity.
The huge difference between VIN, MAX and VOUT, MAX results from the large V D0 and the
B

B

small VIN, MAX . In practical rectifier circuits, VIN, MAX is larger, and V D0 is usually smaller.
B
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Pre-Lab
The pre-lab includes 6 problems. Make sure to complete them all before the lab.
1. Identify which diagram on page 15 for the circuits with a resistor and an LED
(repeated here for your convenience) corresponds to each 3-D picture of the
prototyping board on pages 16–19. Write a brief explanation of how you found
which circuit is which, for diagram C.

A

© 2010 A. Ganago
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Pre-Lab (continued)
2. This sketch shows
connections for the
measurements of
the voltage across
and the current
through a resistor.
Note that all
connections here are
built “in the air”
without a
prototyping board.
On the sketch
below, show the
same connections
using nodes on the
prototyping board; specifically, the power supply should be connected to the bus
lines on the left and the resistor should be connected to individual nodes on the
right. Draw connections for the measurements of the voltage across and the
current through a resistor.

© 2010 A. Ganago
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Pre-Lab (continued)
3. Draw connections for the measurements of the voltage across and the current
through a forward-biased LED (be careful with the polarity). In this circuit, no
load resistor is needed. The power supply should be connected to the bus lines on
the left and the LED should be connected to individual nodes on the right.

© 2010 A. Ganago
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Pre-Lab (continued)
4. Draw connections for the circuit with an LED and
resistor shown on this diagram. The power supply
should be connected to the bus lines on the left,
the resistor and LED should be connected to the
individual nodes on the right, and the voltmeter
should measure the output voltage.

© 2010 A. Ganago

Pre-Lab Page 4 of 6

Lab 1: Introduction to Measurements with NI ELVIS II
Pre-Lab (continued)
5. From the screenshots for voltage division given
on pages 21 and 22, and from the circuits shown
on these diagrams, calculate the ratios of
resistances R 1 /R 2 and R 2 /R 1 .
B

B

B

B

B

B

B

B

Compare the results of your calculations with the
ratios of 100 Ω and 200 Ω resistances in the circuit.
Calculate the percentage error:
( Measured ) − ( Expected ) ⋅100%
( Expected)
Here, Measured stands for what you obtain from
experimental data on pages 20 and 21; Expected
stands for what you found from the nominal values
of 100 Ω and 200 Ω.
For your reference, the peak-to peak voltages on the
screenshots are:
Page 21
Channel 0

4.270 V

Channel 1

2.848 V

Page 22
Channel 0

4.267 V

Channel 1

1.415 V

© 2010 A. Ganago
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Pre-Lab (continued)
6. From the screenshot on page 23, obtained with the circuit with a resistor and
LED, determine the offset voltage V D0 . Use both methods explained on page 24;
discuss their accuracy.
B

B

For your reference, the peak-to peak voltages on the screenshot of Page 23 are:
Channel 0

4.850 V

Channel 1

608.74 mV

End of the pre-lab
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In-Lab Work
NOTE 1:
The NI ELVIS II unit has 2 power switches.
The first one, located on the rear (next to the power cables), is used to supply power to
the USB communications module within the NI ELVIS II. This power switch should
remain on for the duration of the lab. You can tell that the first power switch is enabled
by looking at the orange USB ENABLED LED located on top right hand corner of the
ELIVS II.
The second switch is located on the top of the NI ELVIS II and supplies power to the
terminal strips located on the sides of the PB (the terminal strips can then be used to
power your circuit). This second power switch should only be enabled when you are
ready to begin testing your circuit and taking measurements. When you are building your
circuit, this switch should be disabled in order to prevent damage to your circuit, the NI
ELVIS II, and/or injury to yourself. You can tell that the second power switch is enabled
by looking at the green POWER LED located on the top right hand corner of the NI
ELVIS II.

NOTE 2:
The NI ELVIS II is a sensitive, precision instrument. It will respond quite extremely to
seemingly minor/insignificant variations such as poor circuit connections. Make sure that
all of your connections are correct and comfortable. Meaning that you should always use
adequate space for you circuit (as opposed to cramming everything in as tight as you
possibly can) and use wires which are long enough and which have a roughly 0.25 inch
length of plastic coating removed on either end.

Plastic Coating

Exposed wire

Good

Bad
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Lab 1: Introduction to Measurements with NI ELVIS II

Part 1: DC Measurements
 Build your own circuits on the PB
 Measure DC voltages and currents with NI ELVIS power
supply and DMM, then with NI ELVIS Two-Wire
Current–Voltage Analyzer
Section 1.1: Resistor
 Turn the NI ELVIS II on by flipping the switch on the rear of the NI ELVIS II (you
should now see the orange USB READY light turned on. The green POWER light,
which signifies power to the PB, should be off).
 Place a 200 Ω resistor on the PB in such a way that you create 2 distinct nodes.
 Connect the ground node of the resistor to the GROUND terminal strip (number 49 on
the left hand side).
 Using a banana cable with alligator clips, connect the Variable Power Supplies’
SUPPY+ terminal strip (number 48) to the red DMM current input (labeled ‘A’ and
located on the left hand side of the white part of the NI ELVIS II).
 Complete the circuit by using another banana cable to connect the COM port of the
DMM (located adjacent to the current input) to the positive node of the resistor.
 Turn the PB on (you should now see the green POWER LED turn on).
 On your PC, run the NI ELVISmx Instrument Launcher.
 Launch the Digital Multimeter (DMM) and the Variable Power Supply (VPS) by
clicking their icons on the instrument launcher.
 In the DMM VI, click the blue A symbol to put the DMM in DC current mode, click
the green arrow to run the VI.
 On the VPS VI, click the green arrow to run. You can now set a voltage by either
rotating the SUPPLY + knob in the VPS VI, or entering a value in the box under the
knob.
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Lab 1: Introduction to Measurements with NI ELVIS II
 Take the following measurements of the voltage applied to the circuit and of the
current through the 200 Ω resistor. Take data by hand. Fill the table:

Voltage, V

1.00 2.00 3.00

Current, mA
Resistance calculated from Ohm’s law, Ω
Write a brief conclusion on whether Ohm’s law applies to the resistor:
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Lab 1: Introduction to Measurements with NI ELVIS II

Section 1.2: LED
 Turn off the power to the PB.
 Replace the resistor with a forward biased LED (maintain all the other connections
from your previous measurements). Make sure you insert the LED with the correct
polarity.
 Turn the PB back on. Using the DMM and VPS, take the following measurements.
Take data by hand; fill the table:
Voltage, V

1.00 2.00 3.00

Current, mA
Resistance calculated from Ohm’s law, Ω
Write a brief conclusion on whether Ohm’s law applies to the resistor:
_______________________________________________________________
_______________________________________________________________
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Section 1.3: Current–Voltage Measurement with the 2-Wire
Analyzer
 Turn off power to the PB and remove all of your connections.
 Replace the LED with the 200 Ω resistor.
 Connect the positive node of the resistor to the DMM/Impedance Analyzer’s DUT+
terminal strip (number 29), and connect the ground node of the resistor to the
DMM/Impedance Analyzer’s DUT- terminal strip (number 30).
 Turn the power to the PB back on.
 Launch the 2-Wire Current–Voltage Analyzer from the NI ELVISmx Instrument
Launcher.
 Set the following settings:

 Run the VI by clicking the green arrow.
 Log the data and create a printout of the plot.
 Turn off power to the PB and replace the resistor with a forward-biased LED. Make
sure the polarity of the LED is correct!
 Turn the power to the PB back on and rerun the 2-Wire Current–Voltage Analyzer VI
(use the same settings). Log the results and create a printout of the plot.
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Lab 1: Introduction to Measurements with NI ELVIS II

Part 2: AC Measurements
 Build your own circuits on the PB, apply input AC voltages
from NI ELVIS function generator and measure AC output
voltages with NI ELVIS oscilloscope
 Observe rectification of the input AC voltage in the
resistor–LED circuit, and relate the waveforms obtained with
oscilloscope to the current–voltage curves obtained in DC
measurements
Section 2.1: Voltage Divider of 2 Resistors
 Turn off power to the PB and build the following circuit:

Here, R 1 = 100 Ω and R 2 = 200 Ω.
B

B

B

B

 Recall from the lab introduction that in an AC circuit, V S will be the function
generator, and that measurements will be taken with the oscilloscope.
B

B

 Use Analog input 1 to measure V S and Analog input 2 to measure V OUT . By
measuring both the input signal and the output signal, you will be able to more easily
see their relationship in the voltage divider circuit.
B

B

B

B

 The FGEN terminal strip is number 33, GROUND is number 49, and AI0+, AI0–,
AI1+, and AI1– are numbers 1–4 respectively.
 Once you have your circuit built, power on the PB.
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 From the NI ELVIS Instrument Launcher, launch the Function Generator (FGEN) and
Oscilloscope (Scope). On the FGEN VI, set the following settings:

Ignore the sweep settings.
 Run the VI.
 On the Scope VI, set the following settings:

 Run the VI.
 Adjust the Time/Div scale and the Volts/Div scale on each channel so that the
waveforms are clearly displayed.
 Log the results and create a printout of the plot.
 Power off the PB.
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Lab 1: Introduction to Measurements with NI ELVIS II
 Switch the two resistors to create the following circuit:

Here, R 1 = 100 Ω and R 2 = 200 Ω.
B

B

B

B

 Power on the PB.
 Rerun the FGEN and Scope VIs with the same settings.
 Log the results and create a printout of the plot.
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Section 2.2: Circuits with a Resistor and an LED
 Power off the PB and build the following circuit:

Here R L = 200 Ω.
B

B

 Power on the PB.
 Rerun the FGEN and Scope VIs with the same setting as you used in Part 2.
 Log the results and create a plot of the data.

 Power off the PB and switch the LED and resistor to create the following circuit:

Here R L = 200 Ω.
B

B

 Power on the PB.
 Rerun the FGEN and Scope VIs with the same setting as you used in Part 2.
 Log the results and create a plot of the data.
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Lab 1: Introduction to Measurements with NI ELVIS II

Part 3: Explorations, for Extra Credit
 This is the end of the required lab.
 If you still have time and are curious, this part will guide you
through further explorations (and you can earn some extra
credit).
 If you are not going to continue with this part, power down your
PB and the NI ELVIS II, and clean up your workstation.
Section 3.1: Circuits with a Resistor and a Reversed-Biased LED
 Redo Section 2.2 with a reversed-biased LED
(instead of the forward-biased one).
Take data on the both circuits shown here.
R L = 200 Ω.
B

B
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Explorations, for Extra Credit (continued)
Section 3.2: Circuits with a Resistor and an Opposing Pair of LEDs
 Redo Section 2.2 with a pair of opposing LEDs (instead of the forward-biased one).
Take data on the both circuits shown here. R L = 200 Ω.
B
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Lab 1: Introduction to Measurements with NI ELVIS II

Explorations, for Extra Credit (continued)
The next three sections allow you to explore both the response of your circuit to various
conditions and the limitations of the NI ELVIS itself

Section 3.3: Circuit Response to Sine Waves of Different
Amplitudes
 Power off the PB and build the following circuit:

Here R L = 200 Ω.
B

B

 Power on the PB.
 Vary the amplitude of the input signal from the function generator (adjust the
Volts/div on the oscilloscope to clearly view the signals).
 Notice how the output signal responds to the changing input. Try to make the output
become a constant 0 V signal.
 Record the input amplitude which yields these results.

© 2010 A. Ganago

In-Lab Page 12 of 14

Lab 1: Introduction to Measurements with NI ELVIS II

Section 3.4: Circuit Response to a Different Input Waveform
 Repeat Sections 2.2–3.2 using a triangle waveform instead of a sine wave. To do this,
click the red triangle wave button on the FGEN VI.
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Lab 1: Introduction to Measurements with NI ELVIS II

Explorations, for Extra Credit (continued)
Section 3.5: Circuit with Different Input Frequency
 Power off the PB and build the following circuit:

Here R L = 200 Ω.
B

B

 Power on the PB.
 Vary the frequency of the input signal from the function generator (adjust the
Time/div on the oscilloscope to clearly view the signals).
 Notice how the output signal responds to the changing input.
 Record the input frequency where the output stops being sinusoidal.

 End of Lab 1. Power down your PB and NI ELVIS II and clean up your workstation.
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Post-Lab
REQUIRED
1.
Based on your data obtained In-Lab Part 1, discuss the similarity and distinction of your
data for the resistor and for the LED.
Explain whether the data in your tables (Sections 1.1 and 1.2) are sufficient to prove that
the resistor is ohmic, and the LED is nonohmic.
Explain whether your I-V plots obtained with the 2-Wire Analyzer (Section 1.3) are
sufficient to prove that the resistor is ohmic, and the LED is non-ohmic.
2.
Based on your data obtained In-Lab Part 2, Section 2.1, for each of the two voltage
V
dividers, compare the ratio OUT obtained in the lab with that ratio obtained from the
VIN
theoretical formulas. Calculate the percentage difference, as you did in Pre-Lab #5.
3.
Based on your data obtained In-Lab Part 2, Section 2.2, for each of the two circuits with a
resistor and an LED, calculate the diode offset voltage VD0 . Briefly discuss the
agreement between the two values of VD0 .
4.
Relate the value(s) of VD0 calculated in #3 above to the plot that you obtained In-Lab
Part 1, Section 1.3. Discuss.

The extra credit part is on the following page.
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Lab 1: Introduction to Measurements with NI ELVIS II

Post-Lab (continued)
EXPLORATIONS, FOR EXTRA CREDIT
5.
Explain the data you obtained In-Lab Section 3.1. Write a brief statement on your
comparison between this data and that in #3 above.
6.
Explain your data obtained In-Lab Section 3.2. Briefly compare your data obtained with
the two circuits.
7.
Explain your data obtained In-Lab Section 3.3. If you have achieved “dead zero” output,
explain how your circuit works under these conditions.
8.
Explain the data you obtained In-Lab Section 3.4. Briefly discuss the circuit responses to
sinusoidal and triangular input waveforms.
9.
Discuss your data obtained In-Lab Section 3.5. Carefully describe whether you observed
anything unexpected at high frequencies (strange waveforms, deviations from the offset
diode model, etc.).
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