
Lab 1. Introduction to Labs and Uncertainty

Goals

• Familiarize people with software to be used in the semester

• A brief overview of math to be used in this course

Introduction

For whatever reason you came to College, you are now here and you should make the best of the
time you have. If you are not aware yet, College has a purpose, and it is not to dump a bunch of
facts on you and hope that some stick. If you want a fact-dump, save your tuition money and spend
some time on YouTube, Wikipedia, or Google. College is a chance to use the expertise, time, and
resources of the school to gain as much experience and exposure as possible.

The resources you will use this year are unlikely to match many resources you will have available
in the future. Photogates and other sensors we utilize just do not come up that often. However, the
experience that this lab sequence is providing you with is invaluable, if approached from the right
mindset. We are trying to teach you how to support an argument with data. If you want to convince
your boss that having the company provide you with a reserved parking space right outside the door
will increase profits, you can do that using the data gathering and numerical analysis techniques
we teach you in this class, assuming it is true at least.

Focus on this goal in every lab experiment this semester: Use your equipment properly, know the
limitations of the equipment, take careful data, and use that data to support a conclusion. Do not
get distracted by the minutia along the way.

Software

The two primary software tools used in these labs are Capstone, which runs the data acquisition
and sensors for many labs, and Excel, which allows you to analyze and manipulate data sets.

Capstone

A lot of what you need to know in Capstone is how to set up the specific sensors being used for
the week. We will cover new sensors as they are introduced. For now, the important thing that will
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be used every time is how to display the data from the sensors on the screen so that you can record
and later analyze the measurements from each sensor.

When you launch Capstone, it loads with a few template options available to click on, shown in
Figure 1.1. It is uncommon that one of these templates is precisely what you want to use, but the
first three options may occasionally suffice.

Figure 1.1. From left to right, 1) A table with graph, 2) A graph with two digital displays, and 3)
two digital displays.

When you want to have a more specific layout, you will be looking at the sidebar on the far right
as in Figure 1.2.

Figure 1.2. The primary options of interest in Capstone Displays toolbar

To use one of these displays, you will drag the icon to the center panel of the screen and release.
Once you have the display element on screen, all that is left is to assign labels and data. Some-
where, you will see Figure 1.3 inside the display element. Click on that to get a menu, where you
can select which data you want to use.

Figure 1.3. Click on this to get a dropdown and assign data to a display element.

Note that on a Graph display, you will have two places to assign data, one set of data per axis, as
well as a spot in the lower left to assign a Title to your Graph, shown in Figure 1.4.

A few buttons along the top of your graph can be of great use. Looking at Figure 1.5, button a
will auto-scale your display to zoom as far in as possible while still getting all data in view, button
b will insert a selected best fit line, button c will add a coordinate reading tool (useful for finding
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Figure 1.4. Always set a Title on your Graphs to help your reader.

(a) Autoscale data (b) Apply a Best Fit
Line

(c) Use Coordinates
Tool

(d) Add another set
of data on the Y Axis

Figure 1.5. Various options at the top of a graph display.

specific values along the graph), and button d will let you place multiple data sets along the Y axis
(useful for overlapping graphs to make comparisons).

On page 89 there is a decription on how to use DataStudio, the precursor to Capstone. Most of that
information remains relevant and can be of use in the new software as well.

Excel

Microsoft Excel has quite a large suite of tools available for working with data. Since there are no
prerequisite courses for this lab which have trained students to use Excel, experience levels will
vary heavily. So the precise elements of Excel which will be required of students are based on
what the Teaching Assistant desires to spend time teaching.

Whether by Excel or another program, you will need to produce graphs and perform calculations
in the course. It is ideal to use whichever tools your Teaching Assistant is supporting, but in case
you are incapable of making a graph in any other manner, this manual will present instructions for
doing so in Excel.
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First, enter your data into Excel. Remember to
take the time to place labels (including units) so
you can make sense of the data at a later time.

Now, select your data which you want to graph,
and go to Insert->Scatter Plot.

Excel will place a title on your graph, often taking one of the labels from your data. This is rarely
what you want the title to be, so change the title by double clicking on it. Then simply type in an
appropriate title.
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You should include labels for the axis in ev-
ery graph so that a reader can understand the
data without any other input. To add axis la-
bels, click on the graph anywhere, and three
options will show along the upper right of the
graph area, click the + icon, and check the box
for "Axis Titles"

Figure 1.6. Enable Axis Labels, and then set
the labels appropriately (include units!).

In that same menu area where you enabled Axis
Titles, you can also enable Error Bars and Leg-
end. Excel will automatically calculate Error
bars using standard deviation, which is often
acceptable but you can change the error bars if
a different calculation is desired for the experi-
ment. However, Excel will also add horizontal
error bars, which are meaningless in most ex-
periments, and so you need to hide those. If
you expand the options next to Error Bars, you
will be able to choose "More Options..."
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By default, it opens up showing the options for
the Horizontal Error Bars, which is what we
want to eliminate. Enable the "Fixed Value"
for Error Amount, and set the value to 0. Also
select "No Cap" for End Style.

You should now have a graph which is acceptable for most data display requirements.

Figure 1.7. An acceptable graph for most display requirements.
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In some cases you will also be required to in-
clude a best fit line. This is available from the
"Add Chart Element" dropdown, under "Trend-
line." The choice of Linear or Exponential is
typically all you need to know, and it is deter-
mined by knowing what kind of data you ex-
pected to be measuring.

If you double click on the Trendline, you can find an option to add the equation to your graph. This
and adding a legend when graphing more than one data set can help improve your graph’s ability
to communicate information.

Page 97 contains further notes regarding Excel, and goes into detail which may be beyond what
your teaching assistant requires for the semester if they have another software package they prefer
to use.

Math Requirements

In manipulating equations, a great deal of algebra is required. If you are not comfortable with re-
arranging equations then you need to start practicing immediately. Attempting to memorize every
re-arranged varation of every equation will quickly overwhelm you with pointless memorization,
and make it impossible to see how the basic physical principle work.

To analyze your data, you will constantly be using statistical analysis. This branch of mathematics
is unlikely to have been covered for any student previously, though it is of use to everyone at some
point in their life.

The precise level of knowledge which is required will vary slightly from section to section. Most
of this first week will be devoted to your teaching assistant giving you a rough primer on the math
and statistics you will need this semester.

In addition to the instructions from your teaching assistant, I urge all students to practice and refine
their skills by using the resources available from Khan Academy.

There is a lengthy presentation about Uncertainty on page 79.

https://khanacademy.org/math
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Before you leave the lab please:
Straighten up your lab station.
Report any problems or suggest improvements to your TA.


