EXCEL CHARTS

This unit will introduce the preparation and printing of Excel graphs (charts).

Chart Types:
The data in Excel worksheets can be displayed in any of 14 different chart types – bar charts, column charts, line charts, pie charts, etc.  Excel originated as a financial tool so most of the chart types are useful for displaying financial information, e.g., a pie chart can show the distribution of a company’s investments.

There are only a few chart types useful to chemical technologists.

· The XY or scatter plot is most useful for graphing laboratory/engineering data.  Scatter plots are what you create when you plot your calibration data on linear or semilog graph paper.  In XY plots, measured pairs of (x,y) values are plotted with respect to both the x and y-axes.

· Line charts are useful for preparing statistical quality/process control charts (SPC charts) like the x-bar and R charts that you will study in CH507 (Industrial Chemistry).  In line charts, only one measured value is plotted with respect to a numeric y-axis.  The x-axis (also called the ‘categories axis’) is usually a sequence of equal increments such as time, day, part produced, category of problem, etc.

· Histograms (also called Frequency distributions) are another quality assurance chart that help identify the type of distribution of results in a process, e.g., Normal or Gaussian distribution, Binomial distribution, Poisson, etc.  Histograms help identify the presence of special causes of variation in a process.

· The Pareto chart is a variation of the histogram.  It is a bar chart that shows different types of problems in order of decreasing importance.

Later we will study applications for all of these types of charts but for now we will learn how to create an XY or scatter plot.

Creating Charts:
There are two ways to create a chart; either as a separate chart sheet in a workbook, or as a chart embedded in a worksheet, so you can see both the data and the chart at the same time.  An embedded chart is useful if you want to see how a curve changes as you change its parameters.  As you change the values in worksheet cells, the chart will automatically update.

The Chart Wizard:
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Charts are easily prepared using the Chart Wizard button on the standard toolbar.

To use the Chart Wizard, first select the worksheet cells containing the data to be plotted, e.g., a column of x values and a column of y values.  The data can be in rows or columns.  If the rows or columns are not adjacent, hold down the Control key to select both ranges of data, then press the Chart Wizard tool button.  Alternately, you can press the Chart Wizard button first and select the data range later.  

The first of a series of dialog boxes will appear. The first Chart Wizard dialog box (Step 1 of 4) lets you select the desired chart type; on the Standard Types tab or on the Custom Types tab.  Do this now and select various Chart types and look at their previews.  Finally select the XY(Scatter) chart type.  There are five Chart sub-types of the XY Scatter chart shown on right side of the dialog box.  Each has a written description and image.  Click on the various sub-types and read the descriptions.

Now click Cancel to exit the Wizard without plotting a chart.  We will prepare a data set and then go through the Chart Wizard steps to plot it.
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Create Worksheet Data for Charting:
In cells A1 and B1 enter the data labels as shown.  In cells A2 through A8 enter the values 1e-7, 1e-6, and so on as shown.  In cell B2 enter the formula = -LOG10 (A2).  This is the formula for pH, i.e., the negative log-base 10 of the molar hydrogen ion concentration.  Drag this formula down to autofill cells B3 through B8.

Charting the Data:

Now select the data range.  Do not include the data labels in the selection.  Click the Chart Wizard tool button.

Step 1- Chart Type:   

Choose XY(Scatter) type and sub-type – ‘Scatter with data points connected by smooth lines’.  Click ‘Press and Hold to View Sample’.  Finally click Next.

Note:  Smooth curves are not useful for data that is supposed to be linear, e.g., spectrophotometric calibration curves.  A smooth curve will not show the scatter that inevitably occurs with real data.  Later in this course, we will learn how to evaluate experimental error and data fitting.  
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Step 2: - Chart Source Data:
A preview of the chart is shown.  On the Data Range tab, note that the address of the array corresponds to the selection on the worksheet.  Note that the data Series are in Columns.  On the Series tab, the addresses of the x-values and y-values are listed.

Return to the Data Range tab and click Next.

Step 3: - Chart Options:
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On the Titles tab, type in the chart title, x-axis and y-axis labels.  Don’t try to format the characters at this time.  It is done after the chart is displayed.

On the Axes tab, note that values are checked for both the x and y-axes.  Try unchecking these to see the effect on the chart but be sure to check these buttons before moving to the next tab.

On the Gridlines tab, check Major Gridlines for both the x and y-axes.
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On the Legend tab, uncheck the Show Legend button.  Note that if a legend is used it may be placed in various locations on the chart.

On the Data Labels tab, try clicking the Show value and Show label buttons to see their function but finally check the None button.

Click Next.

Step 4 - Chart Location:

Click Place Chart ‘As object in’ rather than As new sheet and finally click Finish.

Your chart should look like the this one.  
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We will now tidy up the Chart by formatting the chart area, its axes, title, labels, etc.

· Right click on the gray space between the gridlines and select Clear.  This eliminates the gray background and conserves some of your printer’s ink supply.  (Epson may be in cahoots with Microsoft).

· Right click on the x-axis gridline and choose Format Axis. In the Format Axis dialog box, on the Number tab change the decimal places to 0.

· On the Scale tab, set the Value (X) axis Maximum to 0.1 (rather than 0.12).  This will eliminate the blank part of the chart on the right hand side.

· On the Font tab, set the Font Size to 9.

· Check out the Patterns and Alignment tabs to see what adjustments are available but do not make any changes at this time.

· Finally Click OK.  

· Click on the title so that its sizing handles appear.  Drag over the + sign to select it.  Click the Format menu, then Format Chart Title.  On the Format Chart Title dialog box click the superscript box, then OK.  Repeat this for the + sign in the x-axis label.
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Your chart should look like the one shown below.

The linear plot of a semi log function is not well suited to interpreting or interpolating the chart.  We will now change this linear plot into a semi log plot.

· In the Excel worksheet, click in the white space outside the chart to select the entire chart.  The eight black sizing handles will appear indicating it is select.  Now hold down the Control key while left clicking on the chart.  As you begin to drag the mouse, a small + sign will appear indicating that you are creating a copy of the chart.  Drag and drop the copy beneath the original chart.

· On your new copy, right click on the x-axis gridline and click Format Axis.  In the Format Axis dialog box, on the Scale tab, click Logarithmic scale, OK.  The plot is now linear, however, the y-axis label values have moved to the wrong side of the chart.  To correct this, again right click on the x-axis gridline and click Format Axis.  In the Format Axis dialog box, on the Scale tab, change the Value (Y) axis Crosses at value to 0.0000001 (which is the value at the left side of the x-axis), then click OK.

Your chart should look like the following.
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This semi log plot is much more instructive.  You can set the y-axis maximum to 7 and the y-axis minimum to 1, if desired.  Right click on the y-axis gridline and click Format Axis.  In the Format Axis dialog box, on the Scale tab adjust the Value (Y) axis scale Maximum and Minimum to 7 and 1, respectively.

Note that many of the dialog boxes referred to above can also be opened after selecting the entire chart (by clicking in the white space around the chart) and clicking the Chart menu.  From here you may change the chart to different type (Chart Type…), change the array of data being plotted (Source Data…) and change chart options including Titles, Axes, Gridlines, Legend, and Data Labels (Chart Options…).

Sometimes it is difficult to select a chart element by clicking, for example, if two chart elements are superimposed.  Instead of selecting with the mouse pointer, you can use the up and down arrows on the keyboard to sequentially select chart elements.  The name of each selected chart element is displayed in the Name box and in the Formula bar.  
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You can also double click on various chart elements and go directly to the formatting dialog boxes for that element. 

You can also number format chart axes using the number formatting tool buttons, such as Increase Decimal or Decrease Decimal.

You probably noticed that as you move the mouse pointer around the chart, yellow Chart Tip boxes appear, with the name of the chart element that the mouse pointer is currently passing over.  These Chart Tips can be turned off (or on) by choosing Tools, Options.  In the Options dialog box, on the Chart tab, select (or deselect) the Chart Tips Show names and Show values boxes.

Charts with More than One Data Series:
Excel can plot up to 255 data series on the same chart.  If the values in the data series are similar in magnitude, then plotting two or more sets of data is no different than plotting one set.  If the numbers are very different (e.g., one set of y-values is in the range of 1-10 and the other set is in the range of 0.001-0.01), you must use a chart with a secondary axis.  We will do this later.
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If more than two columns (or rows) of data are selected for plotting, Excel uses the leftmost column (or uppermost row) as the independent variable values (x-axis values) and the remaining columns (or rows) as the dependent variable values (y-axis values).  

Create Two Data Series:  

On an Excel worksheet label cells A1, B1 and C1 as shown.   Enter the values 0 and 3 in cells A2 and A3, respectively, then Autofill down through cells A4 to A7.

In cell B2 enter the formula =3*A2-10 and Enter.  A value of –10 should appear.  Autofill this down to cell B7.

In cell C3 enter the formula =-2*A2+10 and Enter.  A value of 10 should appear.  Autofill this down to cell C7.

Plotting the Two Data Series:
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In the worksheet, select the entire array of X, Y1 and Y2 values.  Do not include the column labels in the selection.  

Click the Chart Wizard and in Step 1-Chart Type, on the Standard Types tab, choose XY(Scatter).  For the Chart sub-type choose ‘Scatter with data points connected by lines’.  Press and hold the View Sample button to preview the chart, then click Next.

In Step 2 –Chart Source Data, on the Data Range tab, note that the Series in Columns is selected.  On the Series tab, type in names for both Series 1 and Series 2, e.g., Y=3X-10 and Y=-2X+10, respectively.  Note that these Series names will appear in the chart legend.  They can be edited later if desired.  Finally click Next.

In Step 3-Chart Options, on the Titles tab type in a title (Two Linear Equations) and X and Y for axis labels.  On the Gridlines tab, select Major gridlines for both axes.  On the Legend tab, select Top as Placement for the Legend.  When the Legend is placed on top, it can later be dragged to other locations.  This option is not available when the Legend is placed at the side.  On the Data Labels tab you can choose to show either the x-values (Show label) or the 
y-values (Show value) of the data points.  Finally choose Next.

In Step 4-Chart Location choose ‘As object in’ the current sheet; then click Finish.  

After realigning the y-axis label and clearing the chart area, your chart should look like the one below.
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Note that when the whole chart is selected, the x-values on the worksheet (column A values) are surrounded by a purple border and the y-axes values (columns B and C) are surrounded by a blue boundary.  

The data point markers and their colors are changeable.  To do this, click a data line or data point so it is selected.  Note how the blue y-values border only surrounds the y-values of the selected series.  Choose Format, Selected Data Series.  In the Format Data Series dialog box, on the Patterns tab, you can change the Line and Marker style (color, shape, thickness, etc.)

The data labels are also editable.  Click once (on any data label) to select all labels for a series, then click a second time to select a single data label, then a third time to begin editing the text.  The data labels dialog box has tabs for Patterns, Font, Number and Alignment.

Exercise:  Create the chart shown above and edit the data labels to properly size and relocate them.

Plotting Two Data Series with Different X and Y-Values:
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In the previous example, both data series shared a common set of x-values, however, if data series have different sets of both x and y-values you will need to layout the values on the worksheet as shown in the example.

In this worksheet, the same equations are used as in the previous example.  Note that a different set of x-values is used to generate the second set of y-values (Y2).  Select both sets of x,y values as a single array (A2:C14).  Click the Chart Wizard, select the XY(Scatter) plot, and preview the graph.  It should look the same as the one created above because the same equations were used to generate points.  Hence all points lie on the same two lines.

Another way to get the same results is using the data layout shown opposite.  First select only the X and Y1 values (A2:B7) and use the chart wizard to create a chart.  Next, select the X and Y2 values (A10:B15) and Copy them to the clipboard.  Then click on the chart to activate it and choose Edit, Paste Special.  In the Paste Special dialog box, choose the Add Cells As New Series and X Values In First Column options, then press OK.

Again, the same chart is obtained.  This option may be useful when data sets are located in different locations on a worksheet.
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Editing and Extending a Series:
Editing:  

Data values can be changed on the worksheet.  The chart is automatically updated.

1. Extending a Series using Copy and Paste:  
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You may want to add additional data points to your chart.  Rather than deleting the current chart and starting from scratch, you can add data to an existing chart.  For example, if array A2:B5 is plotted, array A6:B7 can be added to the chart as follows.  Highlight the array of data to be added and copy it to the clipboard.  Next, click in the white space of the chart to select it; then choose Edit, Paste Special.  In the Paste Special dialog box select ‘Add cells as New points’ and select ‘Categories (X values) in first Column’ assuming that ‘Values (Y) are in Columns’ and press OK.

The cart should be updated.   This will work for both embedded charts or charts not in the worksheet.

2. Extending a Series using Drag and Drop:

You can also highlight the new data array, then move the mouse over a border of the selection until the mouse pointer changes to an arrow.  Now drag the selected cells over the embedded chart.  You will see a small + sign indicating that the data is about to be pasted.  When you release the mouse button, the new points will be added to your chart.  This method works only for embedded charts.

3. Extending by Dragging Only:

First click on the outer border of the chart to select the Chart Area.  The chart’s x-values will be surrounded by a purple border and the chart’s y-values will be surrounded by a blue border.  To extend the range down, hold the mouse pointer over either of the Autofill handles until it turns to a + sign.  Drag this + pointer down to include the new cells in the selected array.  When you release the mouse button, the chart is updated.   This method only works for embedded charts.

A new series can be added to a chart using this method by dragging the + sign pointer to the right to include a new column of data.  

4. Extending by Inserting a Row:

Select a row of data and click Insert, Rows.  A blank row is inserted above the selected row.  Note that this breaks the continuity of the line on the chart.  When you type in new data in these empty cells, the new data points are added to the chart.  (New points must be place in sequence).

5. Extending Using Source Data in the Chart Menu:

Activate the whole chart by clicking on it.  Choose Source Data from the Chart menu.  To extend all data series, on the Data Range tab click the ‘go to worksheet’ button (Collapse button) to go to the worksheet.  The current array is surrounded by a hashed border.  Use the mouse to drag the entire array including the new cells.  Click Enter (or click the Collapse button again) to return to the worksheet.  If the chart preview looks good, click OK.

To extend only one series of data on a multi-series chart, do the same procedure except use the Series tab rather than the Data Range tab.  Select the appropriate series and use the Collapse button as above.  This works for both embedded and separate chart sheets.

6. Extending a Single Series by Dragging:

When two or more series are displayed on the same chart, you can extend either one.  Click on a series of points (or line) on the chart.  The corresponding columns of data are selected in the worksheet.  Hold the mouse pointer over the Autofill handle of the x-values and when it changes to a + sign, drag it down to include new x-values.  You must repeat this now for the new y-values as well.  This works only for embedded charts.

7. Extending a Single Series Using the Formula Bar:

Select a series of data on a chart.  The formula bar (see the example below) displays the definition of the data series including its range.  Edit the cell references for both x and y values to include the additional points.
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Exercise:    If you haven’t completed these operations, take a few minutes and do so now.
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Creating a Custom Default Chart Type:
The default chart type is a line chart.  You can create your own default chart type.  Create a chart but keep it general, i.e., do not add a title or format the axes, etc.  Activate the chart and choose Chart, Chart Type and choose the Custom Types tab.  In the Select From box, press the User-defined button.  To add the selected chart’s format to the list, press the Add button.  To add the selected chart’s format to the list and make it the default chart format, press the Set As Default Chart button.  You will be asked to give a name to the new custom chart type.  

You can delete  a user-defined chart type on the Custom tab.  Press the User-Defined button in the Select From box.  Select the format to be deleted.  The Delete button will become active.  Press the Delete key and exit.

Charts with Secondary Axes:
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The following chart displays the pressure of a fixed volume of gas (in a steel cylinder) at various temperatures.  Two data series are plotted, Temp. (°C) vs. Pressure (atm) and Temp. (K) vs. Pressure (atm).  Two different Y-axes scales are displayed. 

To produce a chart like this with a secondary y-axis, first create an XY chart using the data for both y data series.  Click on the data series whose axis will become secondary.  Choose Format, Selected Data Series and choose the Axis tab.  Press the Plot Series on Secondary Axis button and press OK.

[image: image22.png]vaatsbss | swesous | o
e [T temes [ wewes
P r—
e
i

ok Cancel





To add a secondary axis label select the entire chart and choose Chart, Chart Options.  On the Titles tab edit and/or enter axes labels.
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Exercise:  

Create this chart using the spreadsheet data shown .
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Interchanging X-Values and Y-Values :

The Chart Wizard always uses the leftmost column selected for the x-values when creating an XY chart.  To reverse this, after creating a chart select the whole chart then choose Chart, Source Data.  On the Series tab use the Collapse button to select the desired array for X values and Y values; then OK.

Exercise:
Create a data series for the function, Y = X2 as shown in the accompanying table.  Create a chart then reverse the X and Y value assignments using the Source Data method described above.
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