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1. Graphing Data

1.1. Starting the Chart Wizard

When the data worksheet has been set up (the data entered and the columns labeled), it is time to graph
the data. Before starting a graph, it is important to have a clear idea of what values go on what axis.
Usually, the independent variable goes on the x-axis and the dependent variable goes on the y-axis.

For example, consider a data series that measured the distance from the motion detector to a glider
which moved along a track. To know the distance to the glider, one must pick a particular time. The
distance depends on the time. The independent variable is time and the dependent variable is distance.
Therefore, the distance versus time graph of that data would have the time on the x-axis and the distance
on the y-axis.

To create a graph, click the Chart

Wizard button in the area Chart Wizard - Step 1 of 4 - Chart Type
beneath the top menu bar or go to
the top menu bar, click Insert and Standard Types | Custom Types |
select Chart. The Chart Wizard h , L
. ) Chart bype: Chart sub-type:
will go through the different steps of i Colum —
making a graph. In the window that = G —
pops up, the Chart Type window, [t Line
choose the XY (Scatter) type from @ Pie
the list of standard graph types. In B (Scatter)
the Chart sub-type area make sure by #rea ){}f >Q/
the highlighted image is the one @ Doughrut
without any lines or curves, as iy Radar |
shown in Figure 1. ) Surface M M
@ EBubble
Click the Next button when done. iz, Steck =

Scatter. Compares pairs of values,

Press and Hold ko Yiew Sample |
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Figure 1: Chart Wizard with the Chart Type window showing
the Standard Types tab with all the possible types of graphs.
The XY (Scatter) graph is selected.




1.2 Selecting the Data

In the window that pops up click the
Series tab. Here is where the data will
be assigned to the x- and y-axes. If
there are any data series already
entered, click on each one in the Series
area and then click the Remove button
until there are none left. Click the
Add button to begin a new data series.
There are three fields on the right-hand
side of the widow: Name field, X
Values field, and Y Values field.
Click the Data Range box %l next to
the X Values field.

The Source Data window will
collapse to a small window only
showing the X Values field, as shown
in Figure 3. Go to the worksheet with
the data and select the data for the x-
axis. A dashed box around the cells
indicates what has been selected. If a
mistake is made in selecting data, click
in the field in the shrunken Source
Data window and delete the range
information in the field. Then, select
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12
1 <
0.8
04
0.z
0 _ _ _ _ _
0 0.z 0.4 06 0.5 1 12
Series
Marne: | E
% Walues: | E
J ¥ Values: |={1}- E
....... gdd il Remove |
@ Cancel + Back Mext = Eirish

Figure 2: Chart Wizard showing the Chart Source Data window.

the correct data range. Be careful that the range selected includes all of the desired cells and only the

desired cells.

When done, click the Expand Window Bl button to right of the X Values field. The Source Data
window will expand back to the view in Figure 2.
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Figure 3: Chart Wizard with the Chart Source Data window showing the correct data range
being selected. Click the Bl button to expand the Chart Source Data window and select the Y
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Click the Data Range box next to the Y Values line and select the data to go on the y-axis. Again,
when done, click the Expand Window E button to right of the Y Values field to expand the Source
Data window.

Make sure the x-axis data isn’t put into the y-axis line by mistake! Double check to make sure the data
ranges look correct after selecting them both. If both fields look fine, click on the field next to Name
and enter a name for the data series. This is especially helpful if there is more than one data series on
the graph (see Section 2 Graphing Multiple Data Series). The name should describe the data. For
example, if the data reflects the distance measured to a glider, which was moving along a track, then the
series might be called “distance to glider” or “distance trial 1”.

Click the Next button when done.
1.3 Selecting the Chart Options

Graphs mean little without appropriate labels! Here is a run-down of the five tabs in the Chart Options
window.

1.3.1 Titles Tab

The first tab in the Chart Options window is the Titles tab. Excel will automatically use the name of
the data series as the title of the graph. Descriptive names should be entered for the chart title and the x-
axis and y-axis values. For example, a good title name might be “Distance vs Time of Glider on Track”
with the x-axis named “Time (s)” and the y-axis named “Distance (m)”. Notice that the units for each
axis are included in the name. If they weren’t, someone looking at it would have no idea of the units of
the graph. Even if it seems redundant, always include the units!

1.3.2 Axes Tab

The second tab in the Chart Options window is the Axes tab. Both boxes should be checked, so that
the number scales are displayed on both x- and y-axes.

1.3.3 Gridlines Tab

The third tab in the Chart Options window is the Gridlines tab. Gridlines are the lines on gragh paper,
and the oEtions are given to have lines on only the major divisions on the axes, such as every 5" or
every 10" number or to have lines on only the minor divisions, such as a line on every number instead of
only on the major intervals. These intervals may be chosen, as will be mentioned in Section 6
Estimating Error in Slope of Graph.
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1.34 Legends Tab

The fourth tab in the Chart Options window is the Legends tab, which allows you to place the key to
the graph symbols and colors at different places around the graph. This is not so important to do, since

Ibt 1S I)ar gaSIGr_ to p’[OSIt::ﬁrlf::he Iegends Chart Wizard - Step 3 of 4 - Chart Options E]EJ
ox by dragging it wi e mouse
once the graph is created. HOWever’ Titles ] Axes ] Gridings ] Legend  Data Labels l
it is important to make sure the Show L,ibesf Conkains -
Legend box is checked, so that the i "
legend actually appears on the graph! % ¥ value = Ty
~ - AN
1.35 Data Labels Tab - 50 P [+ Tread]
Ao + & B456
. . 5 tor: ), (C b 30 +
The fifth tab is the Data Labels tab, eparator: |, (Comma)l i
which allows each point to be labeled | . cndiey KX Lid

with its coordinate values or with the
data series name. This is not

necessary to do, for it makes a graph | )] Concel | <Back [ met= |  Eiish

look cluttered. Figure 5: Chart Wizard with Chart Options window showing the

Data Labels tab. The X-Value and Y-Value boxes have been
Click the Next button when finished | checked, meaning the coordinates of each point appear next to
with choosing Chart Options. the point. The Separator box shows that the coordinates will be
shown separated by a comma.

1.4 Selecting the Chart Location

In Excel a graph may be created as an object floating in the data worksheet or as a separate worksheet
in itself with its own tab at the bottom of the workspace. Creating a graph as a separate sheet makes it
easier to ensure that the whole graph prints out properly. Do this by clicking the radio button next to
“As new sheet”. The name typed in the field will be the name which appears on the tab of the
worksheet. Click the Finish button when done.

15 Changing an Existing Graph

Once the graph is created it is quite easy to go back and change an option. Put the mouse pointer over a
blank area in the graph and right mouse click and select from the options. They can also be accessed by
going to the top menu bar and clicking on Chart. For the Macintosh, use the top menu bar. Chart
Type, Source Data, Chart Options, and Chart Location call up the corresponding Chart Wizard
screens mentioned in steps 1.1 through 1.6 and allow changes to be made. Note that the buttons at the
bottom of the window only say Ok or Cancel. To apply the change, press OKk; to go back to the graph
without any changes, press Cancel. The changes will be implemented in the graph as soon the Ok
button is clicked.

1.6 Changing the Look of the Graph

16.1 Editing Titles

Once the graph is created, it might be necessary to fix up the appearance a bit. The graph can be resized
to fit the page by putting the mouse pointer over one of the outer borders and dragging it to make it as

large as it is allowed to be. It might also be necessary to do a little cleaning up with the title box, axis
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titles, and legend box. These can all be moved by clicking on them Ly

with the mouse pointer, holding down the mouse button, and dragging

them with the mouse into the desired position.

The titles of the graph and axes may be changed by clicking on the title
to select it and then clicking the text. Now the text can be edited by
typing. Click anywhere else on the graph when done editing the title.

It is possible to change the background color of the graph as well as the color of the border.

Graph Example for Lab Manu|]

Figure 6: Title of the graph
was edited by clicking it to
select, clicking the text to get
into edit mode, and typing.

Excel

sometimes has the default setting of a gray background, while a white background looks a lot cleaner.
When the mouse pointer is in the graph area (but not directly over the data, legend, or any title boxes),
click the right mouse button and select Format Plot Area from the menu that appears. This window
can also be access by clicking a blank area inside the graph, going to the top menu bar, clicking on
Format and selecting Selected Plot Area from the menu that appears. For the Macintosh, double click

instead of clicking the right mouse button.

1.6.2 Formatting Axes

The axis font type and size, scale, minimum,
and maximum values may all be changed by
putting the mouse pointer over any number on
the axis and double clicking, which calls up
the Format Axis window.

When creating a graph, Excel will look at the
range of data and pick minimum and
maximum values for a graph. The checks in
the boxes to the left of the fields mean that
the graph is using Excel’s default values
instead of values entered by a user. In Figure
7, notice that the Minimum value and the
Minor Unit have no check marks in the
boxes on those lines. Numbers have been
entered by a user on those lines, overriding
the Excel default values.

In the Format Axis window on the Scale tab,
the Minimum and Maximum fields set the
minimum and maximum values of the axis. If
a graph runs off the page or if the graph is

Format Axis

Patterns |

Walue (%) axis scale

Auka
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v Maxirnum: 16
[v Maior urit: 2
[ Minor unit: 1
[v Value (¥) axis
Crosses at: IDi
Display units: Im o
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[ Yalues in reverse order
[ Yalue (¥) axis crosses at maximurn salue

2x

o]

Cancel

Figure 7: Format Axis window with Scale tab. The
Minimum for the X-axis has been specified as 1 and the
Minor Unit for the X-axis has been specified as 1. These
choices override Excel’s automatic values, as noted by
the box next to these lines being unchecked.

unclear because it is just too small, this is the window to change that.

The Major Unit field affects the numbers displayed on the axis as well as the Major Unit Gridlines
(used in Section 5 Estimating Error in Slope of Graph). Figure 7 shows that a custom Minor Unit of
1 has been entered, meaning that the graph will show x-axis Minor Gridlines for each number, and a
Minimum of 1, meaning that the x-axis will starting at 1 and not 0. To restore the automatic values that
Excel picks, just go to the Format Axis window and click the boxes next to each line until they all have
check marks. Click Ok when done, and notice that Excel’s default axis settings have been restored to

the graph.
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Changes made to the scale, maximum, and minimum values of the x-axis won’t affect the y-axis. To
change the y-axis as well, double click on the y-axis to call up the Format Axis window.

The Font tab affects the way the axis labels are displayed. This is just like formatting data, mentioned
in the Introduction to Excel document, Section 1.2.2 Formatting Data.

1.6.3 Changing Data Markers
Each point is displayed with a

data marker. The color, Format Data Series @E]

shape, and size of the data

marker may all be changed. Drata Labels l Seties Order l Cptions l
When the mouse pointer is Patterns l s l x Error Bars ] Y Error Bars l
over any of the data markers Line Matker

on the graph, click the right £ Automatic £ Automatic

mouse button and select " Mone " Mone

Format Data Series from the * Custom ¥ Custom

menu that appears. For the PR — . =
Macintosh, double click on 2 hd = hd
the data marker instead of color: || ~ Foreground: | |NEREEEEENE ~
clicking the right mouse

Background: | NN ~

button.
v smonthed ine! .
The Format Data Series Siggr |5 5 Pts
. . Sample
window will appear. In the e
Patterns tab, the Line | ------------- B

section creates a connect-the-
dots line among the data
points. The Automatic radio

button creates a line with o | Cancel

Excel’s default Style (dashed,

straight, etc.), Color, and Figure 8: Format Data Series window with data markers customized
Weight (thickness). The to be red with a black border. A smooth, red, dashed line joining each
Custom radio button allows of the data markers has also been selected.

each of these to be specified.
Checking the Smoothed Line box makes the connecting line appear smoother, less jagged.

In the Patterns tab, the Marker section changes the appearance of the icon that marks each data point.
Again, the Automatic button means the graph is using Excel’s default values. To change any of these,
click the Custom button. The Style menu selects the shape (square, triangle, circle, etc.) of the data
marker, the Foreground menu selects the border color of each marker, and the Background menu
selects the fill color of each data marker. The Size menu affects the size of each data marker, much like
changing text font size.

2. Graphing Multiple Data Series

In the course of these labs it will be necessary to graph more than one data series on a graph. Multiple
data series can be included on the same graph either when the graph is first made or added to an already
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existing graph. To add another data series \
in the process of making the graph with Sgurce Data 2
the Chart Wizard, go to the Source Data | paapange  Series |

tab, click the Add button, and go through

the process of selecting the appropriate v |FRAmPle Graph for Lab Manual .t
data. Don’t forget to give each data series e
a descriptive name. When looking at a o .
graph, it is easy to confuse data series 403 .07
labeled “series1” and “series2” versus ZEE . ‘
data series “resistor” and “lamp”. To o . *
change the series displayed in the Name, ol
a 2 4 6 Tishe [5] 10 12 14 16

X Values, and Y Values boxes, just click
on the series name in the Series area on S
the left. _Iinear

Mame:

% Walues:

|
If a graph has already been created and |
another data series should be added, put ) gvelues: =1y
the mouse pointer in a blank spot in the 5 || Eemeiz ‘
graph area and right click. From the menu
that appears, choose Source Data, which
will then call up the Source Data window
from the Chart Wizard, where data series @
may be added. For the Macintosh, go to

the top menu bar and click on Chart;
from the menu that pops up select Source Figure 9: Chart Wizard with Source Data window
Data. showing the Series tab. The Add button has just been
clicked.

oK | Cancel |

3. Fitting a Curve to a Data Series

Graphs are powerful for they help show patterns in data; it’s useful to see what kind of pattern or curve a
data series follows. Excel has the capability of fitting a few types of curves to a data series and calls
these fits trendlines. To add a trendline to a data series, either put the mouse pointer over any data
marker and double click or right click and select Add Trendline from the menu that appears. For a
Macintosh, click on any of the data markers, go to the top menu bar and click on Chart, and select
Add Trendline from the menu that appears.

In the Patterns tab the style, thickness, and color of the trendline are chosen. Excel will use a default
style, color, and thickness. To change any of these, click the Custom radio button and then make
changes with the pull-down menus. The Style menu changes whether the trendline is solid, dashed,
dotted, or any of the other patterns listed. The Color menu changes the color of the trendline. The
Weight changes the thickness of the trendline. The sample picture at the bottom of the Format
Trendline window gives an example of how the line will appear.

In the Type tab, Excel gives the option of fitting six types of curves to a data series. Below are short
descriptions of each as well as an example of the equation of the trendline. The letters a, b, ¢, and d in
the equations are all numbers that Excel will pick to make the curve fit the data series. The equations
are given in the form where the vertical axis is the y-axis and the horizontal axis is the x-axis.

Usually, in a lab it will be known ahead of time what kind curve should fit the data. All of these curves

8



increase in a different way, which is Format Trendline
why it is useful to see which one
matches a data series. When a
trendline has been added to a graph,

Patterns Type l Cptions l
Trend/Reqgression type

an entry for it also appears in the e
legend box with an example of the f/(y f’n/ 2 =
trendline.

«+ A Linear curve is a straight line // _.Jj */ o =

and has the equationy = ax + b. Power Exponential — Moving Average

+ A Logarithmic curve is the
natural log function and has the
equationy = a[In(x)] + b.

+ A Polynomial curve is a
combination of x variables raised
to different powers and can have |7|

the equation y = ax® + bx® + cx + — cence!
d. Excel allows the highest power
of the equation (the x raised to the
largest power) to be chosen from a
range of 2 to 6, which is selected from the field next to the Polynomial option and labeled Order.
The Polynomial option must be highlighted in order to choose a value for the Order.

Figure 10: Format Trendline window showing the Type tab
with a linear fit trendline selected.

« A Power curve is the x variable raised to some power, which does not have to be an integer. It has
the equation y = ax”.

+ An Exponential curve raises the irrational number e to some variable (which does not have to be
an integer) and has the equation y = ae™

« Moving Average is where Excel breaks the data series up into intervals and then computes an
average value over that interval. This tends to smooth out the curve. The interval is chosen in the
field labeled Period. The Moving Average option must be highlighted in order to choose a value
for the Period.

The Options tab in the Format Trendline window gives a few more possible tweaks to the curve.
Excel gives a generic name to the trendline much like it gives a generic name to a data series or a
worksheet tab. That name is displayed in the Trendline Name section next to the word Automatic. A
specific name can be typed in the field by clicking the Custom radio button and typing a name in the
field next to Custom.

In the Forecast section the Forward field allows the trendline graph to be drawn beyond the last or
first data point, extending it. The Backward field allows the trendline graph to be drawn before the
first data point. How much before and after the data the trendline will be drawn depends on the number
of units chosen in the fields. Use the arrows next to the field to select how many units Forward or
Backward to forecast. These units reflect the units chosen for the Major Units and Minor Units in the
Format Axis window (the Scale tab). Half of a unit will extend the graph one Minor Unit and a whole

9
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unit will extend the graph a Major Unit.

An important button is the Display Equation on Chart button. By clicking this, Excel will show the
equation it calculated for the trendline on the graph. This equation can then be moved around and
resized much like the title, axis labels, and legend box can be moved around and resized. The font color,
size, and type may even be changed. All of this may be done by putting the mouse pointer over the
equation and double clicking. The equation text may be formatted by using the Format Data Label
window that appears, which has the same Patterns, Font, Number, and Alignment tabs as the window
that appears when formatting the title or axis text (mentioned in the Introduction to Excel document,
Section 2.6.2 Formatting Axes).

Once a trendline has been added, it can be changed or even removed. Do this by putting the mouse
pointer anywhere on the trendline (just not over a data marker!) and clicking the right mouse button.
For a Macintosh, double click on the trendline. If the Format Error Bars window appears, the error
bars were clicked by mistake; try again!

To change the trendline, choose Format Trendline in the menu that appears; appropriately enough, the
Format Trendline window will open with the Patterns, Type, and Options tabs described above.
Make the desired changes and then click Ok.

To remove the trendline choose the Clear option from the menu that appears. For a Macintosh, click
on the trendline, go to the top menu bar, click on Edit, choose Clear from the menu that pops up, and
then choose trendline from the menu that pops up. To get the trendline back, go through the process of
adding a trendline, again.

4. Adding Error Bars to a Data Series

When doing a lab the final calculated result is important but the error of that number is just as important.
Excel can add error bars to data based on laboratory-measured error and also based on a fixed number
error (such as a percentage or a number). Saying “laboratory-measured error” sounds misleading, as if
the exact error from the lab measurement is known and can be corrected to get the precise, true

measurement. What is meant is that each A, B C D
measurement is associated with a degree of 1 |time {s) time error js) distance {m) distance error {m)
uncertainty based on how precise the 2 1 0.15 4 1
equipment is, how accurate the measuring 3 2 0.15 g 2
method is, and how many times a particular 4 3 0.15 17 2
measurement was done. Actually, the term 5 4 0.15 17 3
“uncertainty” is a better description than the ? g ng gi i
term “error” but Excel refers to it as “error.” :
. g 7 015 b 1
Methods of finding laboratory error are 5 5 015 45 5
detailed in the error section at the end of the 10 g 015 47 5
lab manual. 11 10 0.15 51 1
12 11 0.15 s 3
Thus, data taken during lab will have 13 12 0.15 2 2
associated error values. It is convenient to 14 13 0.15 B3 3
record the errors in a column to the right of 15 14 0.15 74 4
the measurement with which they are related. 13 15 0.15 /8 3

See Figure 11 for an example. The error in

one axis may well be larger than the error in Figure 11: Data worksheet with error recorded in lab in

a column to the right of the related data.
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the other --- usually, the greater error is associated with the dependent variable.

Graphing with Excel 11

In order to add this error information to the graph, go to the graph worksheet. Put the mouse pointer
over one of the data markers and either double click or right mouse click and select from the menu that
pops up the Format Data Series option. For the Macintosh, just double click on a data marker.

In the Format Data Series window there are two tabs for error, X Error Bars and Y Error Bars,
indicating error bars in the direction of the x-axis and the y-axis, respectively. Click the X Error Bars

tab first.

If the error is from the lab and recorded on the data worksheet, in the Error Amount section select the
Custom radio button. Click the Data Range box %l to the right of the field next to the “ [+ (upper
error). The Format Data Series window will collapse, leaving only the field with the range of data for
the error visible. Switch to the data worksheet and select the cells with the error values, making sure to
select all of the cells and only the cells desired. If a mistake is made in selecting the cells, erase the

value in the shrunken
Format Data Series
window field and select the
appropriate cells.

When done, either hit the
Enter on the keyboard or
click the Expand Window
button Bl on the right of
the Format Data Series
window. Do the same
procedure for the Data
Range button to the right
of the field next to the “ [1“
(lower error). Please be
sure to enter the data ranges
for both the upper and the
lower error fields! When
done, press Ok.

Repeat this process for the
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Figure 12: Graph showing upper and lower error bars on x and y values.

Y Error Bars tab. When done, press Ok.

5. Estimating Uncertainty in Slope of a Linear Trendline

Sometimes it is easier and faster to estimate the uncertainty in a number using uncertainty slopes based
on a linear trendline rather than by propagation of error through a formula. In order to use the

following methods, please be sure to have the Drawing toolbar available.

Figure 13: | Drawing
Drawing
toolbar

11




Graphing with Excel 12

Essentially, two lines are drawn to represent the greatest slope the error allows and the smallest slope the
error allows. These lines represent the maximum and minimum possible uncertainty in the slope of the

trendline.

If the drawing toolbar is not available, it can  [ELAelE ?X]

be selected by going to the top menu bar of
the window in the Tools menu and selecting
Customize. In the Customize window that
pops up, go to the Toolbars tab and click the
box next to Drawing. When done, press the
Close button. The Drawing toolbar should
appear either as a small box or along the upper
or lower border of the Excel program window.

5.1 Drawing the Line

Select the Line tool ™ from the Drawing
toolbar. Put the mouse pointer at the very
beginning of the linear trendline, hold down
the mouse button, and move the mouse pointer
to the very end of the linear trendline. This
draws a line right on top of the linear
trendline.

Immediately click the Line Color button 2
in the Drawing toolbar and select a color for
the newly-drawn line; something lighter than

Toolbars l Commands ] Options l

Toolbars:

v Standard

v Forrnatting

[ 3D Settings

¥ Borders

[+ Chart

v Chart Menu Ear
| Circular Reference
[ Control Toolbosx
[ Diagram
v [
| Drawing Canvas
[ Exit Design Mode
[ External Data

[ Forms

[ Forrnula Auditing
[ Full Screen

| Organization Chart

Reset...

Attach...

T

2)

Close

Figure 14: Customize toolbar window, making sure the

Drawing toolbar is selected.

the linear trendline is recommended. Otherwise, it will be tough telling which line is the linear

trendline and which is the drawn line.

5.2 Rotating the Line

The next step is to click on the drawn line (don’t click on the linear trendline or any of the data
markers!). Two white circles will appear at either end of the drawn line, indicating that it is selected.
From the Drawing toolbar select the Draw button Pra# ™ . From the menu that pops up select Rotate or
Flip and then from the menu that pops up select Free Rotate. The circles at the ends of the drawn line
will turn green, indicating that the line may be rotated by hand and the mouse pointer will change to

show a black rotation arrow, % , indicating that the Free Rotate ability is currently active.

Position the mouse pointer at one of the green circles at either end of the drawn line. Notice that the
mouse pointer changes to just a black rotation arrow C. While the mouse pointer is just a black rotation

arrow &, hold down the mouse button and carefully move the mouse pointer away from the linear
trendline. Notice that the drawn line rotates to follow the mouse pointer, which has changed to four,

- i |
small, black rotation arrows, w«.

The drawn line may be rotated as much as desired as long as the mouse button is held down. Once the
mouse button is released, the drawn line stays put in the last position it was moved to. As long as the

12
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mouse pointer still has the rotation arrow symbol and as long as the circles at both ends of the drawn line
are green, it is possible to grab on of the green circles and rotate the drawn line again.

a0

B lingar Graph Example for Lab
— Linear {linear

a0

El S

60

a0

Distance {m)

an |

30+

20

Time (s)

0 2 4 fi 3 10 12 14 16

Figure 15: A solid red line was drawn on top of the linear trendline. The small red arrow on
the top right part of the line shows the direction the mouse pointer moved to rotate the drawn
line. The dashed lines are to illustrate the rotation motion and won’t appear during rotation.

If any other part of the graph aside from the green circles at either end of the drawn line is clicked, the
Free Rotate ability will be ended. In order to get it back, go back through the process of selecting the
drawn line by clicking it, going to the Drawing toolbar, and using the Draw menu to select Rotate or
Flip. Excel can be finicky about ending the Free Rotate ability, so be careful (or be patient with going
through the menus!). Once done rotating, just click anywhere else on the graph area.

The point of rotating the drawn line is to use it to give an estimate the error in the slope of the linear
trendline which was fitted to the data series by Excel. Actually, two rotated lines are used to find the
upper bound slope of the trendline within error and the lower bound slope of the trendline within error.
Draw the first line and rotate it, then draw the second line and rotate it.
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Graphing with Excel 14
How much should the lines be rotated? How are the upper and lower bounds on the slope found?

+ Lower Bound of the Slope (red line): The first drawn line should be rotated so that it goes through
the bottoms of the error bars on the right half of the graph and so that it goes through the tops of the
error bars on the left half of the graph. Notice that the slope of the drawn line is less steep than the
slope of the linear trendline. Is an estimate of the lowest (minimum) slope allowed by the error in the
data.

+ Upper Bound of the Slope (blue line): The second drawn line should be rotated so that it goes
through the tops of the error bars on the right half of the graph and so that it goes through the bottoms
of the error bars on the left half of the graph. Notice that this time the slope of this drawn line is
steeper than the slope of the linear trendline. It is an estimate of the highest (maximum) slope
consistent with the error in the data.
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Figure 16: Graph with best fit line (black) and lines estimating upper bound of the slope (green) and
the lower bound of the slope (purple) --- both within the given error.

In practice it can be tricky to maneuver the drawn line when it is very close to its original position, over
the trendline, for Excel will tend to snap it back into original position. If this is a problem, just rotate
the drawn line far away from the trendline (for example, almost horizontal!) and let go of the mouse
button. Then select the drawn line again and rotate it to where it should go.

14



Graphing with Excel 15
5.3  Estimating the Slope of the Line

—_= | Figure 17: Estimating points
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Once the lines are drawn both of their slopes must be estimated. To figure out the slope of a line, get the
coordinates of two points on the line and use the definition of the slope as “rise over run” to calculate it.
But how to go about getting the coordinates? Make sure that the Minor Gridlines are visible. If they
are not, pull up the Chart Options window, go to the Gridlines tab, and make sure the boxes next to
Minor Gridlines are checked for both axes.

Try to find points where a drawn line crosses exactly at the intersection of a vertical and horizontal line
as shown in Figure 17, which will make reading the coordinates far easier. Estimate the coordinates of
two points for one of the lines and then do so for the other line. It might useful to zoom in on the graph

by 200% using the Zoom feature from the top menu bar.

It may be necessary to adjust the Minor Unit of the graph to get Gridlines fine enough to determine
coordinates. Do this by calling up the Format Axis window and changing the Minor Unit value on the
Scale tab to a smaller number. More detailed instructions on formatting the axes are mentioned in the
Introduction to Excel document, Section 2.6.2 Formatting Axes. Keep track of what units are
assigned to the Minor Gridlines so that a mistake is not made in determining the slope. Don’t forget
that the units may be different for each axis! In fact, most of the time the units will be different for each
axis!

Once coordinates are found for two points for each drawn line, they can be used to find the slope of the
line using the definition of the slope:

S|Ope =ﬂ_ (y2 - yl)

AX - (Xz - Xl)

The two slopes from the drawn lines are the upper and lower bounds on the slope of the linear trendline
consistent with error. The difference of the upper and lower bound slopes is actually twice the error of
the slope.
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upper bound slope — lower bound slope
2

slope error for linear trendline =

For example, two points on the lower bound of the slope are (1.0, 7.0) and (3.5, 19) and two points on
the upper bound of the slope are (6.5, 32) and (9.5, 49).

(Y, —Vv,) _ (19m-7.0m) 12m m
4.8 A

upper bound slope = = = =4,
(x,—%x,) (3.55-1.0s) 2.5s

lower bound slope = (v, =y,) _ (49m—32m) _17m _ 5.6"/
(x,—%) (9.55s-6.58) 3.0s S

The lower bound of the slope within error is 4.8 m/s and the upper bound of the slope within error is 5.6
m/s.

upper bound slope —lower bound slc [ =5 1g28,- 0.5762
2

slope error for linear trendline=

From the equation of the linear trendline the slope of the graph is

5.1929. Therefore, the slope of the linear trendline with error is 5.2 : :
+ 0.40 m/s. Figure 18: Equation of

the linear trendline

Why isn’t it 5.1929 + 0.40 m/s? Follow the rules in the sections at the end of the lab manual for
reporting error. If there is an error of 0.40 m/s, it makes 5.1929 m/s more accurate than error allows ---
a bit silly!

6. Glossary of Excel Terms
Data Marker — Symbol used to designate a data point.
Gridlines — Like the lines on graphing paper.

R? value — This is a number between 0 to 1 that indicates how closely the data fits a particular
trendline. A perfect fit, meaning that data fall exactly on a line, would have an R? value of 1, and an
abysmal fit, meaning that the data is scattered all over the place, would have a value of 0. The closer the
R? value is to 1, the better the data can be modeled by an equation of a line. The R? value is also known
as the linear correlation coefficient. See the document Least Squares Fitting with Excel for more
information.

Trendline — Excel’s term for a curve fitted to a set of data. The program uses the method of Least
Squares to determine the coefficients of the equations
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