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Introduction:
What This is All About

Purpose

Mobile Studio Desktop (MSD) is a system that provides 
the equivalent of a number of bench-top electrical instru-
ments in the form of software on a personal computer.  
The purpose of this Introduction is to tell you a little about 
MSD, what kinds of things you can be doing, and what 
you’ll need for doing them.

A Brief History

Mobile Studio Desktop grew out of an idea of Professor 
Don Millard, an idea that good electrical laboratory 
pedagogy could be accomplished by using computer 
representations of typical laboratory instruments plus 
computer interface boards to connect to actual electrical 
parts and devices.

Professor Millard, with the help of graduate students, 
began to develop this idea at Rensselaer Polytechnic 
Institute.  As the project expanded, he obtained finan-
cial support from the National Science Foundation and 
involved four other schools: Howard, Morgan State, 
Rose-Hulman, and SUNY Albany.

The concept is simple: Use a computer as the instrument, 
provide an interface board to connect electrical devices 
to the computer thru the USB port, and manipulate 
the virtual instruments just as one would do using real 
instruments on a lab bench—but at a much lower cost.  
Figure 1 shows a complete set-up with a small circuit 
attached to it.

Laboratory Topics

Available laboratory exercises will be divided into a 
number of basic categories:

 A. Resistor and resistive circuits

 B. Circuit theorems

 C. D-c power

 D. A-c power

 E. Time-domain circuits

 F. Frequency-domain circuits

 G. Op-amps

 H. Filters

 I. Signals and spectra

 J. Instrumentation

Equipment

You’ll need a number of items to be able to execute the 
laboratory exercises in this series:

 • An Intel-based computer, desktop or laptop, run-
ning Windows 2000, XP (except x64), or Vista, 
with a USB 2.0 port.  This includes the newer 
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Macs running Windows either under OS X and 
Parallels or as stand-alone via Boot Camp.1

 • The current version of Mobile Studio Desktop.  See 
the next section for how to do this.

 • The current IOBoardTM and the appropriate USB 
cable.

 • Several “half” clip leads.  The non-clip ends should 
be soldered to make a solid end for inserting in the 
I/O board terminals (Fig. 2).

 • For some exercises, a simple 3-V battery supply 
(Fig. 3).

 • For op-amp exercises, a dual 6-V battery supply 
(Fig. 4).

 • A standard breadboard for building circuits.

 • A collection of resistors, capacitors, and induc-
tors.

 • A simple digital multimeter (DMM) for many dif-
ferent measurements.  An inexpensive three-digit 
meter with several d-c voltage ranges and several 
resistance ranges is a minimum.  Radio Shack 
#22-810, about $25 with battery, is an example 
(Fig. 5).

Each exercise will state at the beginning the parts and 
equipment needed to carry out the work.

A word of warning, which I’ll repeat from time to time.  
The I/O boards are powered by your computer’s USB port.  
The circuits you build will be connected to the board 
and will derive power from it.  DON’T SHORT-CIRCUIT ANY 
POWER CONNECTIONS FROM THE I/O BOARD!  It is possible to 
destroy the board and, under the right (wrong?) condi-
tions, your USB port.

Getting Mobile Studio Desktop

Before downloading Mobile Studio Desktop, YOU MUST 
DISCONNECT ANY I/O BOARD FROM YOUR USB PORT.  Don’t 
connect the board until you have MSD running on your 
computer.

1 I have not been successful on the Mac with Fusion or VirtualBox.
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Go to http://www.mobilestudioproject.com and 
click on the “Software Download” button to download 
and install the software.

After downloading, go through the license and installer 
screens.  If you get a security warning, allow installation 
to continue.  If you are asked to allow installation of 
.NET or National Instrument software, these are needed 
or MSD won’t run.

Once installation is finished, connect your I/O board.  
If you get a notice of a need for drivers, follow the Add 
New Hardware instructions with all defaults.  You also 
may get a request to update the board’s firmware before 
the board will work properly.  Go to the Device menu 
and follow instructions.

Now Let’s Play!

You’ve installed your software and connected your I/O 
board, so now you probably would like to try it out.  
Let’s play with a couple of instruments without con-
necting anything to the I/O Board as an introduction to 
the software.

I’m going to walk you through some simple exercises to 
try out the instruments.  I’ll use a few screen shots, but 
don’t be surprised if your screen differs a bit from mine.  
The MSD software is continually being updated and 
screens change from time to time.

I’ll assume that you have MSD running, an I/O board con-
nected, and a display of icons for about five instruments 
on the left.  We’ll start with the Function Generator.

Function Generator

 1. Click on the FUNCTION GENERATOR icon.

 2. Leave the frequencies unchanged, but change Ch 
2 to a TRIANGLE output.

 3. Change Ch 1 to a d-c offset of 0.5 volt.  Figure 6 
shows the result.

 4. Locate the small pushpin in the upper right cor-
ner and click on it to get the Function Generator 
window out of the way.

 5. Mouse over the Function Generator tab at the bot-
tom of the working area and note that the settings 
pop up.  Moving the mouse out of the Function 
Generator sinks them from sight again.

Oscilloscope

 1. Click on the OSCILLOSCOPE icon.

 2. Set up Channel 
1 to 500 mV, 
DC coupling, 
and AWG1 in-
put.  (Input is 
from the Func-
tion Generator 
or the Arbitrary 
Waveform Gen-
erator if it has 
been set up in-
stead.)  See Fig. 
7.

 3. Enable the channel by clicking the switch to the 
left.

 4. Set up and enable Channel 2 the same way, except 
that the input is to be AWG2.

 5. Click on the red Start button near the bottom right 
of the screen

When you finish, your MSD screen should look like Fig. 
8 on the next page.

The End

Now you have Mobile Studio Desktop set up to begin 
the various laboratory exercises.  
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Lab A1:

At Ω with Resistors 

 Purpose

This is a good time to learn a little about one very simple 
electrical device—the resistor.  While we don’t necessar-
ily know the physics of resistors, we can learn what they 
are and how they combine in circuits.

Objectives

The objectives of this lab are

 • Recognize a resistor and read its color code

 • Recognize a resistor in a schematic circuit draw-
ing

 • Measure a resistor’s resistance

 • Determine how resistors combine in series

 • Determine how resistors combine in parallel

Introduction

A resistor resists electrical current, which is kind of stating 
the obvious!  In doing this “resisting,” the resistor causes 
the current to lose energy, thereby heating the resistor.

The important characteristic of a resistor is its resistance.  
This is measured in ohms, a unit named after Georg Si-
mon Ohm, a 17th-century German physicist.  Resistance 
can range from thousandths of ohms to millions of ohms.  
The symbol for “ohm” is the Greek capital omega: Ω.

We’ll see in later labs how current and resistance interact.  
For this lab we are going to consider just the resistor, its re-
sistance, and how resistors combine in different ways.

Equipment

All of your measurements are going to be done using 
the ohmmeter portion of your digital multimeter (dmm).  
You’ll need three resistors, too.  The ones I’ll be using are 
all called “1/4 watt” and have resistances of...but wait!  
How do we know how to determine their values?

Let’s go on to the lab exercises and learn how to recog-
nize resistances by learning to read their color codes.  
Then we can select the right resistors and carry out our 
measurements.

Procedure

Resistance measurement

 1. Select three resistors that are color-coded as fol-
lows:

  orange-black-brown-gold
  brown-black-red-gold
  red-black-red-gold

 2. Set up your dmm to measure resistance.  The dial 
probably has a label “ohm” or “resistance” and 
then several choices for the range of the readings.  
Select the lowest range that is not less than “2k.”

 3. Measure the resistance 
of each of the three re-
sistors using your dmm.  
Figure 1 shows how to 
do this.  Record in a 
journal the color codes 
of the three resistors 
and their measured 
resistance values.  Fig-
ure 2 (next page) is 
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a sample of 
what your re-
cord should 
look like.

 4. Now use the 
table of Figure 
3 to determine 
the nominal 
value of each of the resistors and record those 
values in your table as well.  I’ve expanded the 
tabulation in my journal to show the outcome for 
one of the three (Fig. 4).

 5. For each of the three resistors, calculate the percent 
error by which the measured value differs from the 
nominal value.  Use the error formula

%error Rmeasured Rnominal

Rnominal

100

  This formula produces an error with a sign, 
whereby plus indicates the measured value is 
larger than the nominal value.  Record the results 
in your journal (Fig. 5).

Resistors in series

 1. Now let’s put two resistors in series.  The word 
series means that the current flowing through the 
resistors flows through one and then the next.  
Put the 300-Ω and 1-kΩ resistors in series in your 
breadboard:

  a. Each group of five holes in the breadboard is 
one single connection that can receive as many 
as five wires.  This group of five holes is a node.

  b. There is no connection between groups of five 
in either direction except for the board-length rows 
along the top and bottom edges.

  c. Figure 6 shows the 300-Ω resistor straddling two 
sets of five holes and the 1-kΩ resistor straddling 
the gutter in the middle of the board.

  

d. Note that the top end of the 1-kΩ resistor and 
the righty end of the 300-Ω resistor are in the same 
node (the group of five holes).

  e. Figure 7 is the 
schematic repre-
sentation of this 
connection.  The 
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jagged symbol denotes a resistor with its resistance 
value along side it.  Draw this in your journal.

 2. Measure the resistance of the two resistors in series 
by touching one probe of the ohmmeter to the left 
end of the 300-Ω resistor and the other probe to 
the bottom of the 1-kΩ resistor.  Record this as the 
measured series value.

 3. The rule for combining resistors in series is that 
resistors in series add.  The general equation for n 
resistors is

 Rseries R1 R2 R3 L Rn

   4. How does the measured value compare with the 
calculated value.  Use the actual measured resis-
tance values in your calculation.  I hope the results 
check out very closely!

 5. Now connect the 2-kΩ resistor in series with the 
first two.  Figure 8 shows both the physical and 
the schematic arrangements.  Predict what the 
total resistance of the series string will be.  Then 
measure this.  Does the formula check out?

Resistors in parallel

 1. Resistors in parallel means that they are arranged so 
the the flow of current splits between the resistors 
and then comes back together at the other end.  
This requires that the resistors in parallel must have 
their ends in the same nodes.

 2. Put the 1-kΩ and 2-kΩ resistors in parallel by push-
ing one end of each into a common node and then 
doing the same with the other ends.  See Fig. 9.

 3. Measure the resistance of this combination by 

touching your ohmmeter probes to the bare wires 
in the two nodes.  Record this as the measured 
parallel value.

 4. The rule for combining resistors in parallel is that 
resistors in parallel add reciprocally.  The general 
equation for n resistors is

 

Rparallel

1
1
R1

1
R2

1
R3
L

1
Rn

 5. How well do the measured and calculated values 
compare?

 6. Now add the 300-Ω resistor in parallel with the 
other two (Fig. 10).  Predict what the total parallel 
resistor of this combination will be.  Then measure 
this.  How does the result turn out?

One more arrangement

 1. Arrange three resistors in a series/parallel con-
figuration as shown in the schematic of Fig. 11.  
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No picture this time!  It’s up to you to arrange the 
resistors properly on the breadboard.

 2. Predict what the total resistance will be.  Then 
measure it and record how close this turns out.

Results

Look back over your results and notice several things:

 • As resistors are added to a series string, the total 
resistance increases.  The same current is passing 
through each of them and each is resisting that 
current.

 • As resistors are added in parallel, the total re-
sistance decreases.  The incoming current splits 
among multiple paths and has “an easier time” 
passing through compared with passing through 
just one resistor.

 • Resistors are pretty well behaved electrical ele-
ments.  Your measured and calculated results 
should be very similar if you have been calculating 
using the measured values of the individual resis-
tors.

 • By the fourth band of the color code, the manu-
facturer states a percentage guarantee of the actual 
value.  Although your resistors are ±5% (if the 
fourth band is gold), your actual deviations have 
probably been at most 2%.

 • The schematic drawing shows only the electrical 
connections, not the physical layout.  The numbers 
on the schematic are the nominal values of the 
resistances.

The End

Your lab journal should contain a tabulation of the re-
sistors’ color-codes,nominal values, measured values, 
and percent errors.  For each circuit constructed and 
measured, there should be a schematic drawing, the 
calculated value, and the measured value.
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Lab A2:

Current Thinking

Purpose

Two quantities represent “electricity,” current and volt-
age.  In this lab we are going to relate these by measuring 
them in circuits involving resistors.  We’ll also make some 
measurements on a simple resistor circuit and see how 
meters can affect measurements.

Objectives

The objectives of this lab are

 • Set up circuit with a source

 • Measure voltage

 • Measure current

 • Relate voltage and current through Ohm’s Law

 • Construct and measure a voltage divider

 • Observe the effects of a typical ammeter

Introduction

Before we start, though, we might need to take a brief 
look at what current and voltage are.

“Electricity” is the flow of electrons through a conduc-
tor.  Electrons are small negative charges, –1.6x10–19 
coulombs each, that make up a portion of all matter.  
When they move, we have a flow of charge that we 
call current.  This current is measured in coulombs per 
second.  We call this an ampere, abbreviation A, named 
after André-Marie Ampère, who was a French physicist 
in the early 1800s.

Charges don’t just “flow” by themselves—they need 
a source of energy to push them.  If we do work on a 

charge, we can impart to it potential energy.  This po-
tential energy is measured in joules per coulomb.  We 
call this a volt, abbreviation V, named after Alessandro 
Giuseppe Antonio Anastasio Volta, who was an Italian 
physicist in the early 1800s.  (Fortunately, we didn’t use 
his entire name!)

Mr. Ohm, and probably numerous other experimenters 
of their day, began to observe that there was a simple 
relationship among voltage, current, and resistance.  They 
all probably observed that a current, passing through a 
resistance, developed a voltage across that resistance.  
This led to Ohm’s Law, which states the quantites using 
the units we’ve just described:

v Ri

The voltage V in the equation is measured in volts and the 
current I is measured in amperes.  The resistance R, the 
quantity we examined in the previous lab, is measured in 
ohms.  If we apply a current of 2 milliamperes (mA) to a 
1.2-kΩ resistor, the voltage across the resistor will be

v 1.2 103 2 10 3 2.4  V

The directions of these quantities are important.  Figure 
1 shows that the current of 2 mA is flowing through the 
resistor from left to right, developing a voltage of 2.4 V 
that is positive at the left end.

The directions shown in Fig.1 are known as the passive 
sign convention.  This convention always shows that 
positive current, indicated by the arrow’s direction, flows 
into the positive terminal of the voltage.  This is called 
passive because the voltage is decreasing from end to 
end, indicating a decrease in energy and a dissipation of 
power.  I will consistently use the passive sign convention 
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for all electrical elements except those that are sources 
of energy like batteries and generators.

Equipment

The circuits in this lab are made up of four different resis-
tors: 300 Ω, 1 kΩ, 1.2 kΩ, and 2 kΩ, with the 3-V battery 
as the power source.  You’ll need your digital multimeter 
(DMM) for all the measurements.

Procedure

Begin by selecting the four resistors.  You may need the 
color-code table from Lab A1.

Voltage and current

In this section you’ll measure voltage across and current 
through a resistor.

 1. Set up the circuit shown in the schematic of Fig. 
2 and the photo of Fig. 3.  Note that the plus lead 
of the 3-V supply is at the top of the 1.2-kΩ resis-
tor.

 2. Set your DMM to measure d-c volts, selecting the 
lowest range that is not less than 4 volts.

 3. Touch the red lead of the voltmeter to the top end 
of the resistor and the black lead to the bottom 
end.

 4. Observe and record in your journal the voltage 

measured.  Record all digits displayed.

Current is trickier to measure.  You can’t just “look” at it 
in the way you used the dmm to measure the voltage.  In 
order to measure current, you must get in the current’s 
way.  To say this another way, you must interrupt the 
current and put the meter in its path.  The next steps will 
walk you through this.

 5. Set your dmm to measure d-c amperes, selecting 
the lowest range that is not less than 4 mA.

 6. Remove the battery’s red lead from the top of the 
resistor.

 7. Clip together this red lead and the red lead of the 
DMM.

 8. Touch the DMM’s black lead to the top of the resis-
tor.  Figures 4 and 5 show these connections.

 9. Now you have the current flowing from the bat-
tery through your DMM to the resistor, through the 
resistor, and back to the battery.

 10. Observe and record this current in your journal.  
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Record all digits displayed.

Ohm’s Law

Now let’s see what Ohm’s Law has to say about the data 
just collected.

 1. Remove the battery connections from your cir-
cuit.  You are about to use your ohmmeter in the 
circuit and this must never be done with power 
applied.

 2. Use your DMM, set to the appropriate ohms range, 
to measure the actual resistance of the 1.2-kΩ 
resistor.  Record all digits of this value.

 3. Using the resistor voltage and the resistor current 
measured in the previous section, calculate the 
value of the resistance using Ohm’s Law:

R v
i

 4. Compare the resistance you just calculated with 
the resistance you measured in step 2.  They prob-
ably won’t be the same!  In fact, the calculated 
resistance will most likely be higher.

Meter effects

Meters measure quantities by extracting some energy 
from what is being measured.  Really good meters extract 
very little energy and therefore have very little effect on 
the quantity itself.  

Typical digital multimeters have very good voltage ranges, 
meaning that they require very little energy to make their 
measurements.  Therefore, the voltage readings will be 
very close to the actual values.

Current ranges on typical digital multimeters, however, 
often introduce resistance into the circuit that affects the 
circuit.  When you used your dmm in the previous sec-
tion, the meter inserted a resistance in series with your 
circuit.  We are going to calculate that resistance and then 
determine the inserted resistance using another circuit.

 1. Calculate a possible value of the meter resistance 
by subtracting the resistance measured in step 2 of 
the previous section from the resistance calculated 
in step 4.

  My data and calculations look like this:

Rmeasured 1.182 kΩ
vmeasured 3.15 V
imeasured 2.61 mA

Rcalculated

3.15
2.61

1.207 kΩ

  (My meter was set to the 20-mA current range.)

 2. Make the same measurements using a 300-Ω resis-
tor:

  a. Set up a 300-Ω resistor on your breadboard.

  b. Measure and record its value.

  c. Connect the 3-V battery to the resistor.

  d. Measure and record the voltage.

  e. Using the same technique as before, measure 
and record the current.  You may need to use a 
different range setting on your DMM.

  f. Use Ohm’s Law to calculate the total resis-
tance.

  g. Calculate a possible value of the meter resistance 
by subtracting the measured resistance from the 
calculated resistance.

  (My calculations this time, using the same 20-mA 
range setting, gave a meter resistance of 17 Ω.  A 
more precise measurement with different equip-
ment shows that this meter range has a resistance 
of 15.0 Ω.)

The point to be learned from the measurement is that digi-
tal multimeters have an effect on the circuit.  These effects 
are much more pronounced in the current ranges than 
in the voltage ranges.  In future labs, we will be finding 
current by measuring the voltage across a known resistor 
and calculating the current through Ohm’s Law.

Voltage divider

A voltage divider is a pair of resistors that provide a 
voltage that is less than the supply voltage.  This circuit 
is useful both in various measurement situations and in 
simplifying some circuit calculations.

 1. Construct the voltage divider shown in the sche-
matic of Fig. 6 and the photo of Fig. 7.
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 2. Measure and record the values of R1 and R2.

 3. Measure and record the source voltage Vs.

 4. Measure and record v1 and v2.

 5. Use the voltage-divider relationship to calculate 
the voltage v2 from Vs and the recorded resistance 
values.  The equation for a voltage divider is

v2 Vs

R2
R1 R2

The voltage divider divides the source voltage by the ratio 
of the “output” resistor to the sum of the resistors.  In this 
example, the output resistor is the one across which we 
measured v2.  How does your measured v2 compare with 
the calculated value?

Results

The most important lesson in this lab is that current can 
be measure only by “getting in its way.”  The current path 
must be interrupted and the ammeter inserted into the 
break.  Currant cannot be measured by just “looking” at 
the conductor.

But current measurement is often the one that affects 
the circuit the most.  The ammeter I am using inserts a 
resistance of 15 Ω into the path on its 20-mA range.  If 
circuit resistances are much larger than 15 Ω, this has 
little effect.  But if the resistances are, say, 100 Ω, then 
adding 15 Ω creates a 15% error in the reading.

Even worse, the 2-mA range on my meter inserts 105 Ω 
into the path.  If the circuit resistance is 1 kΩ, the inser-
tion error is about 10%.

In our lab work in the future, we will generally use a 
different technique if we need to know the current some-
where.  Either we will measure the voltage across one of 
the known resistors and calculate the current, or we will 
choose a resistor to insert that will have little effect and 
measure the voltage across it.

The last section worked with a voltage divider, a simple 
circuit that divides the source voltage into two values.  
The output voltage of the divider is a fraction of the input 
voltage, that fraction determined by the resistors of the 
divider.

The voltage divider also has a benefit as an aid to circuit 
analysis.  Sometimes, a complicated-looking circuit is 
nothing more than a voltage divider and we can use the 
voltage-divider relationship to calculate the output/

The End

You should have a record in your journal of the results 
of measuring a current, a comparison between the cal-
culated and measured currents, and the data that show 
how the ammeter affects the circuit.  You should also 
have data on the voltage divider and how the outcome 
compares with theory.
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Lab A3:

Kirchhoff’s Student Days

Purpose

Kirchhoff’s Laws are fundamental to circuits so now that 
we’ve experimented with Ohm’s Law, it’s time to take a 
look at the application of Kirchhoff’s Laws to circuits.

Objectives

Our goal is to collect data to demonstrate Kirchhoff’s 
Laws in a simple circuit, including:

 • Measurement of voltages to show the application 
of Kirchhoff’s Voltage Law.

 • Measurement of currents to show the application 
of Kirchhoff’s Current Law.

 • Calculation of currents using Ohm’s Law and again 
demonstrating Kirchhoff’s Current Law.

Introduction

Gustav Robert Kirchhoff was still a physics student in the 
mid 1800s when he formulated two laws that are funda-
mental to electric circuits.  He later developed his Law of 
Thermal Emission and his Laws of Spectroscopy.

Kirchhoff’s Voltage Law recognizes that voltage implies 
potential energy and that this potential energy must be 
conserved:

Let’s take this law apart by phrases.  “Algebraic sum” 
means that we add and pay attention to signs.  “Closed 

loop” means any closed path, not necessarily along the 
paths of circuit elements.  “At any instant of time” says 
there is no way you can find a time when, say, part of 
the circuit is “ahead of” another part and thus violating 
the law.

Kirchhoff’s Current Law notes that current is movement of 
charge, that charge can neither be created nor destroyed, 
and hence that charge must be conserved:

The one different phrase is “leaving a node.”  Since cur-
rent has direction, we must establish our positive refer-
ence.  “Leaving” turns out to be generally convenient for 
many circuits.  A “node” is simply the junction of electri-
cal elements.  Connecting wires are considered part of 
the element itself and not considered separately.

In this lab, we’ll see how closely what we can measure 
comes to matching what Kirchhoff’s Laws say.

Equipment

For the circuit in this lab you’ll need the 3-V battery 
source and four resistors: 100 and 300 Ω, and 1 and 2 
kΩ.

Procedure

Construct the circuit shown in the schematic of Fig. 1 and 
the photograph of Fig. 2.  Notice that I have used one of 
the two busses on the bottom of the breadboard for the 
bottom wire of the circuit.  All the board holes along each 
of these busses are connected to one another..
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Voltage measurements

 1. Use your digital multimeter to measure the voltages 
across each of the elements of the circuit.  Record 
the results in the boxes of Fig. 3.

 2. Pay close attention to sign, remembering that the 
red lead of the dmm is the lead designated as 
positive.  For example, whe measuring the voltage 
across the 100-Ω resistor, the red lead should be 
placed at the left end.  If the voltage reading has 
a minus sign, you have the leads reversed.

 3. Sum the voltages around each of the three loops 
(left loop, right loop, and outside loop).  Follow a 
simple convention for traversing each loop, always 
starting at the lower left corner, proceeding clock-
wise, and recording the first sign encountered as 
the sign of the voltage.  Your equation for the left 
loop might look like this:

3.17 0.36 2.82 0.01

You should have written three KVL equations.  How close 
to zero are your sums?

Current measurements

 1. Measure the three currents that involve the node 
that is the junction of the three resistors at the top 
of the circuit.  Remember that you must interrupt 
the path of the current and put the ammeter into 
that opening to measure current.  Notice the ar-
rows that give the reference directions of the three 
currents.  All data collected go in the upper boxes 
of the pairs of boxes in Fig. 4.

  For example, to measure the current flowing to the 
right through the 100-Ω resistor, first lift the right 
end of the resistor out of the breadboard.  Then 
connect the red ammeter lead to the lifted end 
of the resistor and the black lead to the node you 
pulled the wire from.

  Then put the 100-Ω resistor’s wire back into the 
node and lift the left end of the 300-Ω resistor.  
Now, because the current reference arrow is from 
left to right, put the red ammeter lead on the node 

and the black lead on the lifted end of the resis-
tor.

  Do the same for the 2-kΩ resistor.

 2. Sum the currents that you have measured by fol-
lowing a simple convention.  Currents leaving a 
node are positive, so currents arriving are negative.  
In your data set, the current through the 100-Ω 
resistor is arriving, so it is recorded in the equation 
with the opposite sign.  The current down throgh 
the 2-kΩ resistor is leaving, so it is recorded as 
measured.  Your equation for this node might look 
like this:

3.60 1.44 2.12 0.04

You should have written one KCL equation.  How close 
to zero did you get?

Current by calculation

 1. Use Ohm’s Law to calculate the three currents.  
You have collected the voltage data for each of the 
resistors.  Apply Ohm’s Law and use the Passive 
Sign Convention to compute the threde currents.  
Then fill in the three lower boxes of the pairs of 
boxes in Fig. 4.

 2. Apply Kirchhoff’s Current Law to these measure-
ments.

You should now have a second KCL equation.  How 
closely does this one fit?  Explain why this second data 
set seems to give “better” results than the first one.

Results

There are several things to be learned from the work you 
have completed:

 • Application of Kirchhoff’s Laws.
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 • Signs and the need to pay attention to reference 
directions.  In the circuit drawing you have been 
using, I chose all the voltage references so the out-
comes of your measurements are positive.  I also 
chose the current references so your currents are 
positive.  But there’s nothing that says you have to 
get the chosen signs right.  If, for example, I had 
drawn the arrow for the 300-Ω resistor facing to the 
left instead of the right, your measurement would 
have produced a minus sign.

 • When applying Kirchhoff’s Laws, follow a strict 
convention of directions and signs.  The goal of 
doing this is to do the work without having to 

think about what you might be choosing.  In other 
words, just do the arithmetic!  Don’t think!  This 
means always summing voltages clockwise from 
the lower left, taking the first sign you come to for 
eaach element.  It means summing currents at a 
node as positive leaving the node.

The End

Your journal should contain the diagrams of Figs. 3 and 4, 
your KVL and KCL calculations, and a comment on why 
the two KCL equations don’t come out the same.


