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Introduction
The objective of this course is to teach electricity and magnetism (E&M) by observations from
experiments. This approach complements the classroom experience of Physics 1B,C where you learn
the material from lectures and books designed to teach problem solving skills. Historically, E&M
evolved from many observations that called for a theoretical explanation. It is a great achievement
that all classical E&M phenomena can be explained by four equations, the so-called Maxwell’s
equations. This laboratory course is designed to perform experiments showing the validity of these
equations.
In the laboratory, you will have different experiences than in the classroom. In the real world, there
are no point sources, no infinities, all measurements have errors, and sometimes things don’t work
out as expected. A broken instrument or wire can be as frustrating and time consuming as trying
to solve a seemingly impossible homework problem. You will have to learn patience and persistence
to make good measurements.
For solving theoretical problems you first need to learn the appropriate mathematical tools. For
performing experiments you first need to become familiar with measurement tools, called instruments. These include multimeters, oscilloscopes, signal generators, a Gaussmeter, digital scale,
power supplies and computers. The first lab session is devoted to acquaint you with modern digital
data acquisition methods. It is expected that you are already familiar with Personal Computers
(PCs) and basic software such as spreadsheets. In the lab you will record your data to file, copy
the files to USB sticks and evaluate the results at home or a computer lab.
Each experiment has questions to be answered in your lab notebook and homework assignments
to be turned in a week later. Some assignments will be parts of a lab report and some will be full
reports. A laboratory report should contain a very brief description of your experiment (no need
to copy the lab manual), the data obtained (usually in the form of graphs) and evaluations such as
line, surface and volume integrals, curve fitting, circuit analysis, and any questions raised in the lab
manual. The report should be written concisely in a scientific language; it is not an essay where you
admire the beauty of science or express your frustrations with the equipment. The TA has no time
to read excessively long lab reports. He/she will only look for correct answers and understanding
of the results. The reports are due a week after the experiments have been done. Data are shared
within an experimental team but the reports should be written individually. Copying other reports
constitutes plagiarism and will be reported to the Dean of Students with unpleasant consequences.
Bring a personal notebook to the lab to keep a record of what you did.
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Laboratory 1: Circuits
The goal of this lab is to become familiar with some of the equipment and techniques you will be
using this quarter. You will also investigate some simple and some more complicated electronic
circuits. Record your results and the answers to the questions below in your lab notebook. There is
a short graphing assignment at the end which will be turned in for grading next week. If you need
to review error analysis, please see appendix A, especially Propagation of Errors and equation (3).
Part of your grade is lab participation. This includes preparation, being on time, keeping an
organized and safe work area and returning the lab station and equipment to its original state
before leaving.

The Digital Oscilloscope
The oscilloscope is a basic tool in any physics or engineering lab. Modern digital “scopes” sample
the input voltage at around 1 GHz, or 1 analog to digital conversion (ADC) every ns. The scope
provides its own calibration signal, a 1 kHz 5 V amplitude square wave. In this lab exercise, you
will perform three tasks to help familiarize yourself with the scope and its functions.
Calibration Signal
Press the Default Setup button near the top right hand side of the scope (It is one button down
and in from the right corner). Clip the leads from Channel 1 to the Probe Compensation terminals
at the lower right corner of the scope. The red probe should connect to the Probe Compensation
terminal, and the black probe should connect to ground. The signal is not steady because the
trigger level is set to 0 V by default. There are two ways to fix this; first, adjust the trigger level to
some small positive voltage using the trigger level knob on the right hand side of the scope. While
you’re adjusting it, the trigger level is shown on the screen and the trigger channel and voltage is
always indicated at the bottom right. When the signal is steady, adjust the channel 1 voltage Scale
knob until you can see the whole trace on the scope. What is the voltage amplitude shown on the
scope? The volts per division is indicated at the lower left of the screen. The time per division, is
shown in the lower center of the screen.
If the square wave shows 50 volts instead of 5 volts, it is because the default oscilloscope probe
is a 10× attenuating probe. We are not using a 10× (times 10) probe but rather a 1× probe
with no attenuation. From the channel 1 menu (yellow button), find the Probe Voltage setting,
then attenuation and change it from 10× to 1× so the voltage will display correctly. Press in the
multipurpose knob when done selecting.
Triggering
The trigger indicator is shown at the top center screen as an orange T. Some of the data displayed
(to the left of center) is taken pre-trigger. Note that you are triggering on a rising edge which looks
pretty steep at this timescale. Turn the Horizontal scale knob to 1 µs per division. About how long
does it take for the pulse to rise to its full value? First estimate this value by eye. Then, using the
measure button on the scope, setup the scope to measure the risetime of channel 1. These numbers
should be fairly close.
Use the channel 1 Scale button to change the voltage scale to 5 mV per division. The pre-trigger
signal should be 0 volts. Estimate the noise or uncertainty in this 0 V measurement. Hit the single
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button on the top right hand side a few times to see single noise traces. You can also use the
Run/Stop button.
Autoset
Another way to set up the scope for an unknown signal is to use the Autoset button. It analyzes
the signal and sets the trigger and channel gains automatically to display the full signal. Try it
and note the additional helpful information presented on the screen. (Autoset does not change the
probe attenuation setting so it may still need to be set manually).

Potentiometer
A potentiometer is sometimes called a pot, a trimpot, bias or a voltage divider. They are available
with linear or logarithmic tapers. In this lab you will use a 10-turn 10 kΩ wirewound linear
potentiometer. With one turn of the control knob, the sliding connector moves 1/10 of the way
along the wire resistor. If the circuit were hooked up as shown below in figure 1, what voltage
would we read at the sliding connector, called the wiper? Derive an expression for Vout in terms of
Vin , R1 and R2 .
A potentiometer can be thought of as a voltage divider with two variable resistors whose resistances
are related such that their sum is always a constant (R1 + R2 = Rtotal = constant).

Figure 1: Potentiometer. R1 and R2 are variable resistors whose resistances are changed by turning
the potentiometer knob. The current I is flowing as shown above. The circuit on the right is an
equivalent representation of a potentiometer, where the height of the wiper arrow along the side of
the resistor indicates the amount of resistance allocated to R1 (above arrow) and R2 (below arrow).
The potentiometer has 3 leads and a knob on top, something like in Figure 2
Investigate how Vout changes as the potentiometer knob position is changed, and determine the
functional form of Vout (θ). Here, θ will be the angle through which the potentiometer knob has
been rotated from its initial position in radians.
To do this, first build the circuit depicted in Fig 1, with Vin ≈ 5V coming from the regulated power
supply applied to the red and black ports.
Besides the digital oscilloscope, you will also use a computer based Data Acquisition system called
the myDAQ from National Instruments. The myDAQ also can be used as a multimeter and function
generator. You will use the MyDAQ to measure Vout .
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Figure 2: Our potentiometer. The potential difference is applied across the outer two ports (black
and red), and Vout is measured from the center wiper port (white) relative to the black port.
To do this, connect the CH0 red port (henceforth called CH0+) on the MyDAQ to Vout , and the
black port on the potentiometer to the CH0 black port (CH0−) on the MyDAQ. To measure the
voltages using the MyDAQ, open the 4BL Application on your computer. Set it up to measure
“fixed time” and set channel limits to ±10 V. In this setting, the MyDAQ will sample the voltage
every ∆t, which is determined by the number of points and sample rate you choose. Set the number
of samples to 100 points, and sample at 1000 points per second.
Turn the control knob all the way one direction until it stops. Use the MyDAQ to measure Vout .
To determine what the output voltage value is, press the Statistics button on the 4BL Application
page. If the mean is around 5 V, swap the power wires so the output voltage is ≈ 0V.
We will call this position our starting angle, and define the voltage that it is reading out as Vout (θ =
0) = Vo (which may be zero). Record Vo in your lab notebook. Without changing Vin , now rotate
the potentiometer knob in ∆θ = 180◦ steps and record Vout at each step by reacquiring data on the
4BL Application. Note that in this case, 360◦ 6= 0◦ because Vout (θ) is not a periodic function of θ.
So when you record your angles, keep adding ∆θ without wrapping around the angle at 360◦ (i.e.
540◦ 6= 180◦ , 720◦ 6= 360◦ 6= 0◦ , etc.) Record all of the voltage and angle data in Microsoft
Excel. Once finished, save the excel file to a USB stick.
Take note of the data’s form as you collect it. What does the functional form of Vout (θ) seem to
look like?
Written Homework Assignment: Create a plot of the Vout vs. θ data, and run a linear regression.
Present the plot with a figure description and fit line including uncertainties.
How could you use this potentiometer to make a 5× probe, one that attenuates the signal by a
factor of five?
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Magnetic Levitator
Equilibrium
At the board, unplug the power cable and the white cable to the copper coil. Take the magnet on
the bolt and raise it near the bottom of the coil. At a certain height it is attracted to the steel
bolt. Below that point, gravity is dominant and it falls. Above that point, the magnetic attraction
is greater than gravity. Try to measure how far below the coil is the equilibrium point? Is the
equilibrium stable or unstable?
Infrared LED and Phone Cameras
Plug in board power and the black sensor cable but not the white coil wire. The sensor is made up
of a clear infrared diode that projects a beam of infrared (IR) light (below the visible red frequency)
and a dark IR sensor whose conductivity changes with the amount of IR light falling on it. Block
the beam with your finger and notice that the red LED light on the board comes on when the
sensor is blocked (if the red LED on the board does not light up, check the wiring and that the
plugs are fully inserted etc.). While one cannot see whether the clear IR emitter is on by eye, many
digital cameras are sensitive to IR. If you put a Samsung phone camera in front of the clear LED,
you can see it shining in the IR. Try it, see whether your phone camera is sensitive to IR or has an
IR blocking filter installed. Note results of your group phone tests.
Levitate
Plug the white coil wire into the board. Now the red LED also indicates when current runs through
the coil. The energized electromagnet should attract the magnet. (If it repels, flip the magnet over).
The idea here is to adjust the sensor so the bottom of the bolt and nut just half blocks the IR beam
when the magnet is just below the equilibrium position. You can adjust this by raising or lowering
the sensor in its slot, or by lengthening or shortening the bolt by adjusting the nut on the bottom.
Feedback Control, PID
This is an example of a feedback circuit. The position of the floater is sensed and fed back to
control the coil current. If the magnet falls and blocks more of the beam, the coil is turned on
to attract it. This is called proportional feedback. After it reaches the desired height or setpoint,
the coil is turned off and the magnet begins to fall again. For stable control though, we don’t
want the magnet ping-ponging through the setpoint. We need some damping so that the velocity
is also near 0 when the magnet is near the setpoint. To add damping we also feedback on the
velocity of the floater which is the derivative of the position signal. The faster it is moving, the
more important to damp the motion. In terms of feedback circuits, this is a PD controller, a form
of PID (Proportional, Integral, Derivative) controller.
Circuit Description
The circuit depicted in Figure 4 works approximately as follows: The sensor signal, which carries
the position data, goes to op Amp 1 where it is subtracted from the setpoint voltage connected to
the other op amp 1 input. The difference between the setpoint and the position sensor, called the
error signal, is amplified by op amp 1 and output to where the magic happens.
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The proportional and differential gains are set by the values of the capacitor and resistor in parallel
before op amp 2. The voltage appearing across the resistor path is proportional to the error
signal. The voltage appearing across the capacitor path is proportional to the derivative of the
error signal and is phase shifted. These two added signals are amplified by op amp 2 and the
output is used to control the coil output transistors. One way to think about the capacitor is to
1
consider its impedance Zc = ωC
where ω = 2π frequency. The capacitor has a very high resistance
for low frequency (slow) signals but acts like a short circuit for high frequencies. At about 10 Hz
the resistance and impedance paths are equal, doubling the signal. Signals faster than 10 Hz are
boosted even more by the capacitive path.

Figure 3: Levitation circuit - Left side; 9 V voltage regulator supplies the sensor unit and op amps.
- Right side; Output from the second op amp controls the coil current through the Darlington
transistor pair. The two diodes around the coil drive are designed to protect the circuit from
voltage spikes. The coil is inductive and generates large positive and negative voltage spikes when
it is switched on and off by the transistor.

Trimpot
Find the trimpot on Figures 3 and 4. In this circuit the potentiometer is used to fine tune the
position setpoint on op amp 1. The setpoint voltage is determined by the voltage divider made up
of fixed 5 kΩ resistors and a 10 kΩ trimpot. The trimpot voltage is compared to the sensor signal
at op amp 1, and the difference is amplified. The 10 kΩ trimpot is less than one turn and adjusts
the floating height about 1 mm. Estimate the voltage adjustment range for the setpoint at pin
8

Figure 4: Levitation circuit - PD control: The proportional and derivative gains are set by the
resistor and capacitor in parallel between the op amps. That’s where the magic happens. The
Voltage across the resistor is proportional to the distance the magnet is from the equilibrium point.
The capacitor acts as a differentiator, adding the velocity information with a phase shift. The
differential term adds necessary damping, so that the magnet slows to a stop near the equilibrium
setpoint instead of overshooting.
three of the op amp?

Lab Assignment
This lab assignment will consist of a series of questions intended to be answered in your lab notebook
and checked by the TA before leaving lab. You will also need to submit a plot online within a week.

Lab Notebook
1. Oscilloscope
• What is the initial measured amplitude of the scope’s calibration signal?
• What is the risetime of the calibration signal as measured by eye? What is it when using
the risetime measure function on the scope?
• Estimate the uncertainty in the 0 V signal from the pre-triggered portion of the signal.
What do you notice when looking at the individual traces of the signal?
• When would it be beneficial to use the autoset feature of the scope?
2. Potentiometer and MyDAQ
• Derive an expression for Vout on the potentiometer wiper as a function of the input
voltage, R1 , and R2 .
• What voltage are you applying across the potentiometer?
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• What is the apparent functional form of the potentiometer’s output voltage as a function
of the turning angle θ?
• Is the potentiometer ohmic, does it follow Ohm’s Law V = IR ?
• How could you use the potentiometer to make a 5X probe?
3. Magnetic Levitator
• About how far below the magnetic coil is the equilibrium position of the bolt (measured
to the magnet on top)?
• Is this equilibrium stable or unstable, and how can you tell?
• Which cell phone cameras in your group were sensitive to the IR light?
• What is the voltage adjustment range for the setpoint at pin three of the op amp?

Figures and Data Presentation
Using the data you saved in Excel, you will determine how the potentiometer’s output voltage
depends on the angle through which the control knob has turned. Additionally, you will calculate
what is called the Independent Linearity of the potentiometer to compare to the manufacturing
company’s claim. You can find this rating listed on the bottom of the potentiometer in Figure 2
This is to be completed within one week after the lab is performed, and submitted on Turnitin.
Present the plot on a blank page with a figure caption. You will need to:
1. Raw Data Plot
• In Excel, place all your output voltage data in one column, and their corresponding θ
values in the column to the right.
• Create a scatterplot of all the Vout vs. θ data, and run a linear regression on the data
as well. Plot the fitline on the same graph as the data, along with a fit equation and
uncertainties.
• In a sentence or two below the figure caption, discuss the significance of the intercept
and slope of the fit line.
2. Independent Linearity Calculation
• Plot the normalized output voltage Vout /Vin vs. θ and run a linear regression to get the
fit line with uncertainties.
• In a separate column, calculate the discrepancy between the fit line and the experimental
data for each point. This means if the fit line is y(x) = mx + b, for each x value calculate
the difference between what the fit line produces and what was observed in the lab.
• Find the minimum and maximum deviation from the fit line. Then, calculate the maximum and minimum percentage deviation from the fit line with respect to the applied
voltage (% deviation = (deviation×100)/Vin )
• The manufacturing company claims a maximum tolerable independent linearity of ±0.25%.
Do your results fall within this tolerance range? What does this say about the potentiometer you used?
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Appendix A: Error Analysis
Introduction
This appendix concerns experimental uncertainties, and how we quantify these uncertainties in
measured values. In any laboratory exercise, you will need to use the methods of error analysis
demonstrated here to analyze your experimental uncertainty.

Uncertainty in Measurements
Any experimentally measured quantity, call it x, cannot be known exactly due to error in our
measurement. Therefore, when a measured quantity is reported, for example in a scientific journal
or an academic lab report, one presents the measured quantity as
x = (xbest ± δx)[units],
where xbest is our best guess at the quantity x, δx quantifies the uncertainty in our measurement,
and the [units] are the units of measurement. Uncertainties in measurement are often classified
into two distinct categories, systematic and random.
Systematic errors are those that affect entire data sets, often due to the measurement device or the
experimenter’s use of the measurement device. For example, if a ruler’s mm markings were actually
1.2 mm apart, this would affect each data point measured with that ruler. Systematic errors do
not affect the spread of a statistical distribution, but can cause a shifts in the distribution’s mean
or median.
Common systematic errors that affect a distribution linearly are offsets from zero, and an overall
scaling factor (or multiplier). For a linear distribution of data (something that can be fit in the
form y = (m ± δm)x + (b ± δb), an offset from zero looks like an additional offset on the y-intercept
of the fit, and a multiplier looks like an offset to the slope of the fit. For example, if the true fit
looked like y = ax + c, but is measured to be y = (a + a0 )x + c + c0 , a0 is a scaling systematic error
and c0 is an offset systematic error
Throughout this course, you will be mainly concerned with quantifying random (or statistical)
errors. When measuring a single quantity repeatedly, you obtain a set of measured values that has
a mean value and a standard deviation (among many other statistical quantities). We will often use
the standard deviation to quantify this random error and determine the experimental uncertainty.
As a result or this random error, our confidence level on the outcome is improved by making more
measurements. It is worth emphasizing that appreciating the impact of random uncertainties is
fundamental to the process of measuring any physical quantity. Whether it seems relevant for a
given situation is quantitative: is the confidence level in the measured outcome small or large when
compared to what is needed?
Lets assume N measurements of x are made, yielding values x1 , x2 , ..., xN . A large number of such
measurements, called an ensemble, has certain useful properties such as the mean value, denoted
by x, and the spread of the values around it, called the standard deviation, denoted by σx . In
nearly all situations our best estimate of x is the mean value of these measurements:

x=

N
1 X
xi
N
i=1
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(1)

As more measurements are made, we expect that our measured mean value x will approach the
“true” value X, which is defined in the weak law of large numbers as the mean value if an infinite
number of measurements were made. That is,
N
1 X
X = lim x = lim
xi .
N →∞
N →∞ N
i=1

What we seek is a quantitative measure of how far the measured mean x may deviate from the
“true” value X. Standard practice is to use a quantity called the standard deviation of the mean,
denoted by σx as such a measure. Then, when one publishes (as in your lab reports for this class)
a measured quantity, it is written as
x = x ± σx

0.2

0.3

0.4

signifying that we are confident X, the quantity we ultimately want to know, lies within some
range of values around our measured x, due to random error. Standard deviation is based on
approximating the data distribution as a Normal or Gaussian distribution. This distribution tells
us how many points fall into a standard deviation width, as shown by Figure 5. A smaller value of
the standard deviation means that our data is closer to our average, thus improving the accuracy
of the average value we measured.

0.1

34.1% 34.1%

2.1%

0.0

0.1%
3
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13.6%

13.6%
1

µ

1

2

2.1%
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Figure 5: The normal distribution, which is a Gaussian distribution and special in the world of
statistics.
Note: There is a slight but important difference between the standard deviation and the standard
deviation of the means. A certain measurement may have an inherent random uncertainty in its
resulting values that is unavoidable. Let us assume this uncertainty is Gaussian in nature. So, if
we measure this value 10 times, 100 times, 1000 times, or 1010 times, the data will always follow a
the same Gaussian distribution and result in the same standard deviation in the values. We would
rather like to use a value to quantify our uncertainty that decreases as we take more measurements,
since as we take more measurements we become more confident that our mean value has approached
the true mean value.
The standard deviation of the means can be thought as the standard deviation of an ensemble of
values, all of which are the means of other ensembles of experimentally determined values. As we
increase the size of our experimental ensembles, their means will become closer and closer to the
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true mean of the measurement. Then, if we create an ensemble of all those means, it can be imagines
that the standard deviation of the means will in fact decrease as we take more measurements.
The beauty of statistical theory allows us to calculate the standard deviation of the means while
only collecting a single dataset. If we are interested in knowing the standard deviation of the means
for a measured value x that we measure N times, then from our data set {x1 , x2 , x3 , ..., xN } we can
calculate the standard deviation of the mean via the formula
1
σx = √ σx
(2)
N
where σx is the standard deviation of our single experimental data set. It is worth memorizing this
formula, as you will be using it a lot throughout this course.

Propagation of Errors
When performing an experiment, we seek to determine quantities that are measured directly, and
also quantities that are calculated from something that is directly measured. The fact that error
exists in the latter type is referred to as propagation of error, and you will encounter this in
nearly every laboratory exercise. Consider a quantity F that is a function of 2 directly measured
quantities, x and y:
F = f (x, y)
Since our measured quantities x and y are known only to within some range due to random error:
x = x ± σx , y = y ± σy , then our calculated quantity must also be known only to within some
range: F = F ± σF . We wish to know how to determine this uncertainty in F due to the random
error in measuring x and y. This is calculated by:
v
!
u
u ∂f 2
t
σF =
(σx )2 +
∂x

∂f
∂y

!2
(σy )2

(3)

which is commonly called the error propagation equation (the derivation of this equation can be
found in chapter 5 of John Taylors Introduction to Error Analysis, 2nd edition). To be completely
general, if we imagine the function f is dependent on a set of N measured values {x1 , x2 , x3 , ..., xN }
with associated errors {σx1 , σx2 , σx3 , ..., σxN }, then the uncertainty in F is given by
v
uN 
2
uX ∂f
σF = t
σxi
∂xi

(4)

i=1

It is highly suggested that you always use this general formula to determine the propagation of
errors, working through the partial derivatives to see how different functional dependencies affect
experimental uncertainties.

13

Appendix B: Performing a Linear Regression in Excel
A Linear regression is done by the either “least squares” or minimum Chi Squared method. Suppose
you have some set of data that you have plotted against each other, x and y, and you want to run a
regression line through it. You write the equation of a line: y = m[x] + b. In this case you can have
at most two parameters that you can vary to completely describe the line. These parameters are
m and b. When a linear regression is performed, the parameters are set usually randomly and the
sum of the square of the residuals is computed. The residuals are the difference between your data
point y, and what you expect to calculate from your regression line at that x value so m[x] + b. You
do that for every data point then square them and you have the sum of the residuals squared. The
program will then change the parameters m and b and calculate the sum of the residuals squared
repeatedly over a certain range of values. It will then take the parameters m and b that correspond
to the minimum value of the sum of the residuals squared, and take that for the slope of the final
regression line. Notice that this method neglects the uncertainties (error bars) on each point.
To make the least squares regression line appear on the plot, right click on any data point then
select Add trendline. Highlight linear and click on the options tab. Here you can select whether or
not to set the Intercept to zero, which will be discussed in more detail later when I talk about all
of the regression data. Click ok to add the line.
• Make sure that you have an internet connection and add the Analysis package to Excel. You
can do this by going to the menu and clicking tools then Add-ins. Next check the box next
to Analysis toolpack and hit ok. Follow the instructions and the package will be installed.
• We can now use the analysis package. After you have made your plot for your analysis, make
sure that you click an empty cell, go to Tools, Data Analysis. This will open a window with
several analysis functions you can use. Scroll down until you find Regression. Highlight it by
clicking it and hit ok.
• This will open a new window. In the Input Y Range, drag a box around your y data values.
In the Input X range, drag a box around your x data values. You need to make a decision as
to whether or not you want the constant to be fixed at zero. For example, if we were to do a
regression on a plot of Q versus V of a capacitor, we know that if there is no charge on the
capacitor, there should be no voltage across it. So in that case we would want to check the
constant is zero box.
• On the output options, you can check Output range and select an empty cell or just leave
it on new worksheet (default) to get all of the regression data on a new worksheet. Sorting
through all of the data in 6, we see some values of interest. These values are the X Variable
1 Coefficients and Standard Error, as well as the df and SS values for the Residuals. The
Coefficients for X Variable 1 are in fact the value of the slope of the line, and the Standard
Error is the uncertainty on it. So the slope would be m = 1.58 ± .11. the “R square” value
as a goodness of fit parameter. To use r squared, simply know that the closer to 1 it is, the
better the goodness of fit.
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Figure 6: Regression output in Excel
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Appendix C: Data Acquisition
A Dell PC (1.7 GHz Pentium 4 processor, 256 MB SDRAM, 20 GB hard drive, CD-RW, 3.5” floppy
drive, 17” monitor) is provided on each station. The operating system is Windows XP. Available
software includes Microsoft Office and custom-written modules based on National Instruments
LabVIEW. No internet connection is provided. To copy data in order to make analysis later, you
need either a writable CD or a USB flash drive.
A data acquisition card from National Instruments (NI6024E) is installed in the computer. It
contains a 12 bit, 200 ksample/sec Analog to Digital Convertor (ADC). Up to 8 differential input
signals can be measured. Multiplexing between several input signals decreases the conversion speed.
The maximum input voltage range is ±10 V. The common-mode voltage (voltage of each channel
to ground) is also limited to 10 V.

C-1.1

Input

The inputs for the ADC are at a connector box. The BNC coax connector on the left side of the
front panel is the input for an external trigger signal (TTL, ±5 V). To provide the trigger signal,
connect the TTL output on the signal generator and this trigger signal input with a BNC cable.
Three input channels (±10 V maximum) are marked on the front panel as three pairs of + and
−. From left to right, we name them Channel 1, 2, and 3. The inputs are differential, i.e., neither
electrode is connected to ground, and what the computer measures is the voltage difference between
+ and − terminals at each channel. Connections are made by alligator clips.

C-1.2

Software

The data acquisition is controlled by LabVIEW Virtual Instruments modules. The modules are
accessed via a software, called ”4BL Main Menu”, whose shortcut icon is on the screen. If it has
been removed, the full path is C:\Program Files\4BL\Main Menu. Once we open the software by
double-clicking the icon, a main menu for this data acquisition software will be displayed. We can
then further choose different functions to perform according to the task we would like to complete.
The following two functions will be frequently used in this course.
C-1.2.1

Acquire waveforms

This program is used to measure voltages at one or more channels as a function of time for repetitive
waveforms. In order to synchronize the data acquisition a trigger input is required. The program
works like a digital oscilloscope.
To start acquiring waveform on only one channel (Channel 1), single-click “Acquire Waveform (1
Channel)” on the main menu. There are a couple of parameters we should specify.
1. Set the expected limits of the measured voltages. Voltages higher than the limit will be
truncated in the measurement.
2. Choose the scan rate, i.e., how many samples are acquired within a second.
3. Set the total number of points to acquire.
4. Choose the time limit for acquiring data.
16

First, we should When every setting is ready, click “Acquire” and you will see the waveform on
Channel 1 displayed as a function of time. The time span is given by the ratio of the number
of points acquired and the number of points per second. The default displayed voltage range (5
V) can be changed by highlighting the upper or lower voltage limit, typing in the desired value
followed by “Enter”. When satisfied, single-click “Save to file”. It prompts for a file name (e.g.,
Oct29-2.xls) to be saved. To get out of the data acquisition program, click on “Stop?”, “Done”.
If we would like to sample two channel waveforms simultaneously, single-click “Acquire Waveforms
(2 Channel)” on the main menu. This will enable us to sample the waveforms on both Channel 1
and 2. The sampling procedure is the same as in sampling only one channel. Signals on different
channels are identified by the displayed curve colors.
After acquired the waveforms on two channels, we could also study the statistical properties of the
two channels by single clicking the ”Statistics”. A new window will pop up, showing the mean
value and standard deviation for both channels, and the covariance, correlation between channels
as well.
C-1.2.2

Sample signals continuously

This program is used to record a slowly varying signal. It records data at specified time intervals,
writes continuously to file until stopped by terminating the program. No trigger is required. The
program is also called a ”data logger”.
To call the program double-click ”4BL Main Menu”, single click ”Sample 1 channel (continuously)”
which prompts for various parameter choices:
1. Single-click on ”Reset limits” and adjust high and low values in units of 1 V or fractions
thereof by typing over the displayed numbers. Press ”Done” to exit.
2. Single-click on ”Time between points” and increment in units of 1 sec or fractions thereof by
typing over the displayed numbers.
3. Single-click on ”Acquire” and specify a file name (e.g., Oct29-3.xls). When you press ”Save”
the program starts to record.
The waveform is displayed on a screen with 64 horizontal data points. It will scroll in time. The
vertical scale changes automatically to display the signal at any amplitude. However, it saturates
when the specified voltage limits are exceeded. When satisfied single-click on ”Stop acquiring”
to end the data file. If you want to take another file press ”Acquire” again. You can overwrite
(replace) an existing file but you cannot append to a file. If you want to get out of the program to
process the file, press ”Done?” to quit.
We could also sample more than one channel signals continuously by choosing ”Sample 2 channel
(continuously)”, for example for 2 channels. The procedure is the same as described above.

17

Appendix D: DC Power Supply
The power supply in each station is able to provide a constant DC voltage during the experiments,
see Fig. 7. There are three terminals on the right hand side of the front panel. The voltage output
can be obtained from the red + and the black - terminals, while the green one in the middle is
grounded at all times.

Figure 7: A photo of the power supply.

D-1.3

On and Off

The main control knob locates at the center of the front panel. To turn on the power supply, simply
turn this knob clockwise. After a click sound a green light named POWER above this knob will
be turned on, indicating the power supply is working properly. When the experiment is finished,
please remember to power off the supply by turning this knob all the way counterclockwise until a
click sound.
There is also a switch on the top of the front panel. The switch could be on either STBY or DC
ON positions. During the experiments, if you would like to power off the supply temporarily, you
could simply put the switch on STBY position.

D-1.4

Adjust Voltage

The output voltage could be adjusted by turning the main knob mentioned above. The output
voltage range, either 0 − 50 V or 0 − 25 V, is set by a switch next to the knob. There is also a
voltmeter on the right side of the front panel, which enables us to monitor the output voltage.

D-1.5

Overload

The power supply can afford only a certain amount of current flowing through it. The maximum
amount of current can be set by another knob on the left side of the front panel, and the current
level can be monitored from the amperemeter next to this knob.
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If the current is above the maximum current we set, the power supply will automatically shut down,
and a red OVERLOAD light next to the amperemeter will be turned on at the same time. In this
case, you should reduce the current to the correct range, and press the red RESET button on the
upper left corner of the front panel to reset the power supply.
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