IB Physics - Uncertainties and Data Graphing

Excel Instructions
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An electric toy car is traveling along a straight line and measurements of its position and time are

taken. The uncertainty in the time At is £0.005s and the uncertainty in the distance At is £0.1m
The following data has been recorded

Distance’ Time
s/im tls
As=+0.1m | Ar=+0.005s

0.802
1.103
2.110
3.615
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Graph distance against time on the graph grid provided on the next page. Plot the data
points as small circles with a dot in the center of each circle.

Ignoring the origin, construct the best straight-line graph for this data. Extend the line to
cover the entire gragh sheet.

Determine which uncertainty (either in time or in distance) is the most significant,
Construct uncertainty or “error” bars using this uncertainty on your graph for all the data
points.

Determine the gradient (slope) of your best straight-line. What does the gradient represent
Comment on the motion of the toy car.

Construct the minimum 2nd maximum gradients for your graph and calculate these
gradient values, Express the best gradient value with its absolute uncertainty using the
range of the minimum and maximum gradients. Pay attention to significant digits
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Objective: the complete the Uncertainties and Data Graphing assignment in Microsoft Excel

Procedure:

1) Enter the table from the class work handout into excel like so
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Note: I have flipped time and distance; this is done for graphing ease

Note: you can add the lines around the table by using this tool [image: image5.png]-3 -[<



 at the top of the page

2) To graph the data we highlight the data required
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3) Now go to insert at the top of the page and hit scatter with only markers

[image: image7.png])~ BOOKL = MICrosort Excel non-co

Home | nsert | Pagelayout  Fomulas  Data  Review

EREEEEr .:txx.l'h D Q@

Puottable Table | picture a.p Shapes Smartart | Column Line  Pie  Bar  Area Te Hesder
B o SR X Bor & footer
Tables lusrations Chars

B2 ~Q £ | 0.802

Scatter with only Markers

Time (s) +0.0055 Distance (m) £0.1m

T o o5 Camparepars f v,
E| 1103 07 Use ftwhen the values are not in

E ) o i o ey et
S — = v et

S e 20

o 1 crat e

) |oo |~




This will produce a graph like so
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What you notice is that distance is graphed on the y axis and time is graphed on the x axis

When highlighting data in excel for graphing, the column on the left will be graphed on the y axis, this is the reason I flipped time and distance in my table from what was given to you. 

4) To add titles and labels to the graph we click on the graph, this should bring up chart tools at the top of the screen , in chart tools click layout
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5) Add to your graph by clicking the appropriate buttons

· Chart title

· Axis titles
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6) We can now add a trend line (line of best fit), notice this can be done in the same window (chart tools – layout) 
Add a linear trend line to your data
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7) We can now add error bars to our data, remember we only need to add error bars to the measurement with the highest percentage uncertainty, thus a calculation is needed. 

 I want you to do this in excel as well.

Create the following table
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To perform calculations in excel we need to enter the = sign first; from here we can enter our specific operation.

In this case to find the percentage uncertainly for time we divide the absolute uncertainty by a measurement and multiply by 100. Notice I did not have to enter in the measurement I simple entered the cell of which the measurement was in (cell b2 = 0.802s), now hit enter
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Do the same for distance 

So in the cell below enter =0.1/c2 * 100 and hit enter
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Note: we can change the number of digits that are shown in the cells by right clicking and selecting format cells, on the left it gives you some options, I use the number option and then specify the number decimal places I want

We notice that distance has the larger percentage error therefore we will add error bars for distance only

8) The error bar tab is also found in chart tools – layout
Select error bars with standard error, this will automatically add them to your graph.
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You must however format them as they are not accurate

First we can delete the horizontal error bars (those for time), simply right click on one of the horizontal bars and hit delete.

To format the vertical error bars right click and select format error bars, now select fixed value and enter in your value of uncertainty (0.1 m)
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9) We must add our maximum and minimum lines of best fit.

There is no direct way to do this in excel.  The way I do it is to add 2 more sets of data to the graph

 For the max line of best fit I add a data point corresponding to the negative uncertainty of the first point and a data point corresponding to the positive uncertainty of the last point, I then connect these with a trend line.

I do the same for the min line of best fit but with the points reversed, I add a point corresponding to the positive uncertainty of the first data point and a point corresponding to the negative uncertainty of the last data point.

To do this you must first calculate the points (add or subtract the uncertainty from the data point)
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10) To add the max. and min. lines

Right click on the one of the data points, a window will pop up, click select data

You should see what is shown below
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Hit the add button, when this happens you will see the following
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We can now name the series (max or min slope) and select the values we want.

To do this click on the blue box with the red arrow beside the series x values box
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You can now simply highlight the desired x values for the points you want to add (I will do max first)
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I highlighted the appropriate cells, now click on the box with the red arrow beside the edit series  box

This will bring you back to the original edit series box, do the same with the y values (I think you need to clear what is in the y values box first (={1})
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Notice the points on the error bars 

You can now add a trend line between those points by right clicking one of them and selecting add trend line

[image: image23.png][Eeraslistance (m) vs. Time (s)

25

20

15

P

Distance (m) +

01m
10

=

00
0.000 1000 2000 2000

Time (s) £ 0.0055

4000

5000




 

Repeat these steps for the minimum line of best fit
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We can add a legend from chart tools – layout screen

You may have to resize your graph 
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11) Determining slope

There is a very easy way to determine the slope of these lines

You can simple right click on each line and select Format Trend line then select display equation on chart, this will then show the equation of each line (y = mx +b)
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