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A spreadsheet is a powerful calculation tool.  Microsoft Excel has features that make using it for 
instruction and solving physics problems very attractive.  A spreadsheet may not always be the best tool 
for the job you have in mind, but if you work in Excel, there’s always a computer around that can run 
your spreadsheet.  In this workshop we will be doing various exercises to investigate the power of Excel 
in teaching physics.  The topics include:  

  
• Scroll bars – probably the most exciting topic in this workshop.  Scroll bars provide an easy way 

to vary the value of a parameter in a spreadsheet.  This allows:  
o easy "by eye" fitting of curves,  
o construction of instructional demos, 
o construction of animations (monkey and hunter, traveling waves, etc.) 
o other things you will think of that we have not. 

• Matrix multiplication is easy and quick in Excel. This is very handy for 
o showing how a vector looks when the axes are rotated  
o visualizing complicated ideas like Euler angle rotations in 3D 
o Using a 2 x 2 complex matrix for each boundary as a wave travels in layered media. This 

lets us calculate a transmission coefficient for several layers. 
• An introduction to Visual Basic for Applications (VBA) which runs underneath Excel.  

o Basic language instructions are executed when a 'control' is activated on the spreadsheet 
(A scroll bar is a 'control'. We will also talk about labels and command buttons) 

o There are several really outstanding resources for those who wish to learn something of 
VBA: a great web page by Paul Kenton, and a great text by de Levie 

o The intent is to give you a glimpse of what is possible among many powerful possiblities, 
and have you try a couple of simple things for yourself.   

• Relaxation methods will be illustrated for solving Laplace's equation, time permitting.  This 
makes use of Excel’s iteration function. 

• We will show a couple of demos of numerical integration using the RK2 scheme 
• The solver optimization engine allows Excel to be used to fit an arbitrary function to a data set.  

The fits are easy to construct, and the student focuses on the minimization problem involved the 
finding the "best fit". 

 
There are a lot of options for you to pursue, so please tackle the stuff you are most interested in!! 
 
Most of what we discuss here will be available on  
 

www.rose-hulman.edu/~moloney/
 
Note:  To run applications with scroll bars and other controls, you must set Excel's 
security to either "Medium" (choose whether to run a given macro application) or "Low" 
(run any macro application). 
This is done by going to Tools/Options/Security and click on Macro Security, then 
choose the level. 
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Workshop Agenda 
 
Using Sliders (60 min) 
 

Demo 
• Creating a slider. 
• Use of sliders in teaching properties of a sine wave. (file “sine&RLC.xls”) 

 
Exercises 

• Sliders to do an “eyeball” linear data fit. (file “linear_fit.xls”) 
• Monkey-Hunter animation. 

 
Examples using sliders 

• A lens image changes 'on the fly' as a slider controls the lens focal length ( file "ray2.xls" ) 
• Animation of a trebuchet ( file "trebuchet5.xls" ); numerical integration and slider control of 

time 
 

 
Break (10 min) 
 
Using Matrix Multiplication (20 min) 
 

Demo  
• Using a 2x2 matrix and a scroll bar to visualize the rotation of a vector . 

Exercises 
• We'll build the demo together, following the written instructions. 

Examples using matrix multiplication 
• 1-D rotation of a vector ( file "rotation_matrix_and_vector" ). 
• Euler angles to visualize the 3D rotation of a body (file "Euler_Angles_b.xls" ) 

 
 
Visual Basic for Applications (VBA) (45 min) 
 

Demos  
• Command buttons and Labels are used to carry out simple loop operations (file 

"VBA_Workshop_demo2.xls" ). 
• A VBA program is used to open a video avi file, then calibrate the x and y axes, and then 

click on the data and advance the frame, putting data in columns for plotting.(file Video.xlt 
opening file trial1.avi ) 

• Sliders are used to scroll through data on a graph (file "scroll_through_data_b.xls") by 
reaching inside the graph controls and changing graph parameters. This is audio data collected 
from sound waves travelling along a wire (higher frequencies arrive first). (See bottom of p. 
14 for a fancier version of this program, where VBA does more work.) 

• Matrix multiplication and VBA looping is used to find the acoustic transmission coefficient 
through a medium with several layers (file "acoustic_filter_f.xls") 
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Exercises 
• Insert a label, and put in a command so that Excel makes a sound each time one clicks on the 

label 
• Set it up so a scroll bar 'selects' a particular cell. As the scroll bar changes so does the cell 

that's selected 
• Finally, we will put in a scroll bar so that every time the scroll bar is changed a set of numbers 

is placed in cells A1..A10, starting with the scroll bar value and increasing by 5 each time. 
 
Break (10 min) 
 
A couple of demos of RK2 numerical integration (10 min) 

Demo 
• Sliders control the time and the drag coefficient in a particle's vertical motion (file 

"RK2_vertical_motion_a.xls")   (Instructions for building this sheet are on the last three pages 
of this handout) 

• The end of a pivoted rod accelerates faster than gravity when released from certain angles. 
The end will 'outrun' an object freely falling. Animated sheet with sliders controlling time and 
launch angle. (file "pivoted_rod_falling_body.xls") 

• Particle on a tabletop with string through a hole in the center (file "tabletop.xls") 
 
Using Iteration (30 min) 
 

Demo 
• Use of iteration in relaxation solution of Laplace’s equation. (file “parallel_plates.xls”) 

Exercises 
• Dipole 
• Box with three sides grounded and a fourth at some non-zero value. 

 
 
Using Solver (45 min) 
 

Demo 
• Use of solver in fitting a line to data. (file “linear_fit_with_solver.xls”) 

 
Exercises 

• Solver fit of radioactive decay data. (file “DecayData.xls”) 
• Charging and discharging capacitor data. (file “charging_capacitor.xls”) 
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Using Scroll Bars (Sliders) 
 
To add a scroll bar (slider) in Excel go to the View menu, select Toolbars,                     
and check Control Toolbox. This brings up a toolbox with a blue architect's  
triangle with its background highlighted. The highlighted triangle means  
you are in Design Mode. In this mode you install and modify items from  
the toolbox.  
 
In the toolbox, click once on the Scroll Bar (vertically separated triangles). 
(There is balloon help which will identify each item as you move the mouse 
over it.) Scroll bars are also referred to as sliders.   
 
After clicking once on a scroll bar, move the mouse to the spreadsheet and drag over a rectangular area 
where you want to put your scroll bar (slider).  
 
Now right click (click on the right mouse button) inside the slider area. This brings up a menu, and on 
this menu select Properties. A list of properties will appear. Decide on the cell to receive the output of 
the slider (possibly a cell next to the slider itself), like F3, and enter this cell on the line for Linked Cell. 
Exit Design Mode by clicking once on the architect's triangle to un-highlight it. Now try out your slider 
by dragging the slider bar around, causing numerical values to appear.  
 
The slider values are integers starting from a default Min of 0 to a default Max of 32767. To change the 
maximum value, click on the triangle to enter Design Mode, then right-click on the slider, then select 
(click on) Properties and change Max to something else, like 1000. Then exit design mode by clicking on 
the triangle. Now try changing your slider. (The little triangles at each end of the slider change its value 
by 1 each time you click.)  
 
The cell controlled by the slider can only take integer values between 0 and 32767.  Suppose you don’t 
want an integer value.  Suppose you want to create a cell whose value varies from –5 to 5 in steps of 
0.01.  This can be easily done by putting a formula in another cell that depends on the value of the slider 
controlled cell.  Let’s say I made cell A1 my slider controlled cell, and its value ranges from 0 to 1000.  I 
put a formula in cell B1:  “=(A1-500)/100”  The value in cell B1 now varies from –5 to 5 in steps on 0.01 
as I move the slider. 
 
You can have more than one slider for a given parameter, like one coarse and one fine control. Suppose 
you have a parameter in cell E6 that you wish to control with sliders. You could bring up a scroll bar 
(slider) and connect it to cell F5 (set its Linked Cell to F5)  
This slider could be set to run from 1 to 50  
Then you could bring up another slider and connect it to cell F6.  
This slider could run from 0 to 500.  
Then in cell E6 you could put =F5+(F6-200)/200.  
This would have the coarse value running from 1 to 500 and the fine value from -1 to +1.5 in small 
increments  
The value in E6 would be a combination of the coarse and fine slider values.  
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If you wish to change a slider's properties from a sheet you have downloaded, you may find the 
Properties menu does not show up. In this case, click on Format Control, and select the Control tab. This 
lets you change the linked cell, max and min values, and it also lets you change the amount it 
increments/decrements each time you click a triangle at either end. 
 
Scroll bars can also be added from the Forms toolbar.  Select View and then Toolbars and then Forms.  
Several icons similar in appearance to those in the control toolbox should appear.  One of these icons 
adds a scroll bar.  Some people would contend that this is the better way to add a scroll bar because there 
are far fewer properties to hunt through to set the ones you want.  I have chosen to add scroll bars from 
the control toolbox because it gives you more control over the appearance of the scroll bar.  You can 
color it for example. 
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Tips on Making Your Graph Behave 
 
This will try to help you do the following  
 

• Graph a 'single' object moving in xy space, as in monkey-hunter  
• Adjust graph axes for max, min, and whether or not the axis automatically adjusts  
• Adding new series to a graph  
• Changing one series you didn't want into one you do want  

 
Graph a single object, like one mass point as a function of time (x,t)  
 

• Suppose you want to graph x and y and that they are in A5 and A6 as functions of the time.  Drag over 
A5..A6 and go to the chart wizard (just to get any old graph up)  

• Select the X-Y(Scatter) graph, (any version showing individual data points)  
• Click 'Finish' to bring up the graph.  
• Right-click on one of the data points on the graph  
• Select Source Data, then Series  
• In Series, you will see the X Values and Y Values listed.  
• If they are OK, great. Otherwise, correct them to reflect the single x and y value you desire.  
• This is just a matter of typing in the correct cell ranges (or use the small box at the right, and drag over the 

range you want) 
• You may want to adjust the symbol and size and color.  
• This is done by right-clicking on a data point and selecting Format Data Series.  

 
Graph axes adjustment  
 

• To adjust the y-axis values, you first right-click just to the left of the y-axis itself.  
• This brings up a box, and you select Format Axis and then Scale  
• Under Scale, you can select Max, Min and other axis parameters.  
• The default is automatic scaling of the axes.  
• If you want an axis parameter to be permanent, unclick the Auto box for that parameter  
• To adjust the x-axis, right-click just below the x-axis, or on one of the x-axis values  
• After that it's just like adjusting the y-axis.  
• Automatic graph x-axis scale adjustment w scroll bar control in VBA (after a scroll bar is clicked) 
•       With Worksheets("Sheet1").ChartObjects(1).Chart.Axes(xlCategory) 
•             .MinimumScale = ScrollBar1.Value                                      ' Scroll bar 1 is graph start  
•             .MaximumScale = ScrollBar1.Value + ScrollBar2.Value      ' Scroll bar 2 is graph width 
•             .MajorUnit = ScrollBar3.Value                                              ' Scroll bar 3 is x-axis major unit 
•      End With 

 
Graphing two objects as a function of the time  
 

• To add a second object to be graphed, first get a graph of a single object.  
• Then right-click on the data point. Under Source Data / Series, select Add.  
• Put in the cell locations for the x,y values of your second point (it may be helpful to copy x or y from 

Series 1, paste it in and then adjust its values.).  
• Adjusting the second symbol is done as for the first one. 
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                                         Animating the Monkey and Hunter 
 
The classic problem of the Monkey and 
the hunter can be animated using a scroll 
bar.   We build the equations of constant 
acceleration motion and attach a slider to 
the cell containing the time to vary it. 
 
The equations are: 
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So let’s animate it: 
• Open a blank sheet.  Put labels in 

C3 and C4 for g and t. 
• Insert these names for cells D3 

and D4. (In the address window) 
• Put titles in F2 and I2 for bullet 

and monkey  
• Put labels in E3..E6 for the bullet as 

indicated. 
• Put values in F3 and F4. In F5, 

type "=F3*t"  and in F6 type "=F4*t-0.5*g*t^2".  
• Put values in I3 and I4. In I5, type "=I3" and in I6 type "= I4-0.5*g*t^2". 
• Now make a graph, initially incorrect, by dragging over F4 and F5 and going to the chart wizard.  

Select xy scatter plot and click finish.  
• When the graph is up, put the mouse over one data point and right-click.  
• Then select Source Data.  
• For the bullet, you want the x data to run from F5 to F5, and the y data to run from F6 to F6.  
• When you have made this correction, you should have a single point on the graph.  
• Add the second point to the graph by going back into Source Data and adding a second series for the 

other point (the monkey) as you did for the first.   
• Insert the value for g in D3. 
• Now generate a scroll bar to vary the time cell (D4) over a suitable interval as you learned earlier.  

For example, let the scroll bar control D5 and have a formula in D4 like '= 0.01*D5'.  Holding down 
one end of the scroll bar will scroll the time and animate the plot.  A full time range of one second 
should be sufficient. 

• You will probably want to fix the graph axes so they don’t automatically re-scale as you scroll. (See 
Tips on Making Your Graph Behave on previous page) 
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Basic matrix operations in Excel.      
 

Matrix multiplication is fairly easy and quick in Excel. It is useful to view rotation of a vector or of a  
3-D body represented by three straight lines for the body axes.  
 
Matrices are extremely helpful in calculating transmission through a series of layers. These could be  
layers of different index of refraction in an optical filter, or they could be different regions of an  
acoustic transmission line (open or closed side branches, or wider or narrower sections). 
 
We're now going to do an example of matrix multiplication, but remember you can also do matrix  
inversion. (It is very clumsy to do the transpose of a matrix, done one row or column at a time). 
                    y 
A vector V has components (Vx, Vy) seen in the xy frame.       V 
This same vector seen in a frame x'y' rotated through an                 y' 
angle θ with respect to xy has components (Vx', Vy'). 
 
                              x' 
                           θ    
                       x 
The components are related by    Vx' =   Vx cos θ  + Vy sin θ     and 
          Vy' = -Vx sin θ   + Vy cos θ.  
 
In matrix language, V' = ΡV, where Ρ is a  2 x 2 rotation matrix 
 
   cos θ  sin θ   
 Ρ =  
           - sin θ  cos θ 
 
Notice that when the x'y' coordinate system is rotated through an angle θ the constant vector V appears  
to have rotated through an angle -θ (it is seen as vector V' in the x'y' coordinate system). 
 
We'll represent V in Excel as a vector of length 1 along the x-axis, namely  (1,0).  
 
On the next page we show a scroll bar to control the angle θ. The value of θ in degrees is located in cell  
G1, and the value of θ in radians is calculated in cell C1 as  "=Pi()/180* G1" . 
 

 The vector V is placed in cells D4..D5, and the matrix Ρ is put in cells A4..B5, using θ from cell C1.  
 
 Then V' is placed in cells G4..G5  (remember it is product of matrix Ρ and vector V ) : 
  a) one 'selects' cells G4..G5 by dragging over them 
  b) on the command line at the top one types "=mmult(" then drags over A4..B5, then types a    
  comma, then drags over cells D4..D5, then types ")" then presses ctrl-shift-enter 
 
 
 Now the cells G4..G5 contain V' and when we change the slider (scroll bar) these values change accordingly. 
 Put values of 0 in F4..F5 (to act as the origin), then you can plot V' by dragging over F4..G5. 
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  You don't type the '{' and '}' .  
  Excel does that when you press     V' = ΡV 
  ctrl-shift-enter   
 
 
 θ in radians         θ in degrees  
 (calculated from G1)        G1 is the 'linked cell'  
           of the scroll bar 
           

                        R               V 
 
  The constant vector V, seen as V' in the rotated  
  x'y' coordinate system.  (V' appears to rotate in 
  the opposite direction of x'y' ). 
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Excel and VBA (Visual Basic for Applications)   MJM  April 23, 2006 
 
Some key references 
--------------------------------------------------------------------------------------------------------------------- 
R. de Levie Advanced Excel for scientific data analysis,  Oxford U. Press  2004  ( $54.50 ) 
 
This paperback has a wealth of information about scientific routines in VBA underneath Excel. On p. 49 
he points out the hybrid nature of Excel-VBA, and some key mismatches in Excel formulas and those in 
VBA (e. g. in Excel it's sqrt(x) for square root, and in VBA its sqr(x) !! ) 
 
I learned some stuff about the innards of graphs from his chapter 8, but this book has gobs of stuff on 
curve fitting, fourier analyis, filtering, Lagrange interpolation, Runge-Kutta integration, etc. etc.  Lots of 
written-out code. 
 
The zipped file for this workshop contains the following information  
from the Oxford site ( http://www.us.oup.com/us/ ). These all relate to the text. 
 
 Getting up to speed (pdf)  { refresh on Excel and VBA } 
 Corrections to the text (pdf) { unfortunately, quite a few of them } 
 Macro Bundle Version 4.5 (word file, rtf format) lots and lots of code 
 Sample Macros 4.5 (word file, rtf format) 
 Sample Data 4.5 (word file, rtf format) 
 
---------------------------------------------------------------------------------------------------------------- 
www.vbaphysics.com 
 
This is Paul Kempton's creation. On it there is a huge pdf file from which one can teach an extensive 
course using Excel and VBA to teach physics and do problems. This runs to maybe 200 pages or more 
and is packed with information. Make sure your printer is stocked with paper before printing this out. 
 
In the neighborhood of p 5-3 there is a lot of useful information on adding graphs and manipulating 
graphs. 
 
Kempton's email address is kempton@champlaincollege.qc.ca 
 
--------------------------------------------------------------------------------------------------------------------- 
Excel 2003 VBA by Kimmel, Geeen, Bovey, Rosenberg and Patterson, Wrox (an imprint of Wiley) 
www.wrox.com  $39.95, 1100 pp.   
 
Lots and lots of good details, but not that much on getting into the innards of graphs. Lots of stuff which 
is esoteric, too. 
 
 
Professional Excel Development by Bullen, Bovey and Green was too advanced and high level for me. 
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We'll start by doing something very simple in VBA, putting a 'Label' in Excel, and then when we click on 
the label we get back a 'beep' from the computer. 
 
1) Go to View/Toolbars and click on Control Toobox. You should see a rectangular group of icons appear 
somewhere on your screen. You can use the brown top bar to drag this toolbox to the top bar menu if you 
wish, or leave it where it is. 
 
2) Click on the aqua blue architect's triangle icon. This puts you in 'Design Mode'. (Clicking on it again 
will get you out of Design Mode.)  
 
3) Now single-click on the icon with the letter 'A'. Next move the mouse to the main area and drag over a 
rectangular region. You should find a rectangular region on the screen with 'handles' around it, and letters 
inside saying 'Label1'.  
 
4) Now right-click on this label and a menu should pop up. Click on Properties . This will give you a 
properties menu with items in alphabetical order. Find Caption and change it to "Make A Beep". If you 
want to give your label a color, find Back Color and click in the righthand area somewhere. At the far 
right, you should see a triangle pop up. Click on this, then select Palette and then click on a background 
color for your label. (You can also select a format for the lettering if you like.) 
 
5) Now close the properties menu and again right-click on the label. This time select View Code and you 
will be in the Visual Basic Editor, where it will say (in the top bar) that you are on Sheet1 and it will 
display the code shell: 
 
Private Sub Label1_Click() 
 
End Sub 
 
In the blank space (above End  Sub) type "Beep", so that later it will beep when you click on the label. 
 
The VBA editor and Excel sheet have separate screens, so you can just click on the Excel sheet to get 
back there, or if in Excel, click on the VBA sheet. You can also toggle back and forth by pressing  Alt-
F11. From the VBA top menu by you can also click on View/Object to bring back the Excel sheet. Then 
click on the architect's triangle again in Excel to exit Design Mode, then click on the label and (we hope) 
hear a beep. 
 
What we hope this did was to give us a whiff of the VBA geography 
 Get the Control Toobox up on the top menu via View/Toolbars  
 Get in and out of Design Mode via a click on the architect's triangle 
 Create a 'Control' (there are quite a few; we will only discuss the Label and the Scroll Bar) 
 Go from Excel go into design mode, right click on a control, and then select View Code to create  
  a subroutine shell in Sheet1. This gets you into the VBA editor. 
 Any code we put in the shell, if we do it right, will be executed when we click on the label. 
 Same thing if we install a Scroll Bar - any code we put in will be executed every time the scroll  
  bar value is changed. 
 Go from VBA to Excel via View/Object  
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 Or go back and forth from VBA to Excel via pressing Alt-F11 or clicking on the sheet. 
 You can format the control by using the handles, or the Properties menu of the control. 
 
Next we will try another very simple thing, namely installing a Scroll Bar (or slider) and then 'Selecting' 
a cell in column A corresponding to the value of the scroll bar. If the slider value is 7, we should see the 
cell A7 'selected' (surrounded by a dark border).  And changing the value will select a different cell. We 
can do this on the same spreadsheet we've been using. 
 
1) Click the architect's triangle to get into design mode, and click on the Scroll Bar icon (two triangles 
vertically above each other with a gray space in between; it may be next to the Label icon with the letter 
A ) 
2) Move the mouse onto the spreadsheet and drag over a long, and somewhat skinny rectangular area 
where you will put the scroll bar (slider). When you are done it should have 'handles' around it and you 
can resize if you wish.  Try not to cover up cell A2 with the slider itself because we would like to see the 
value of the scroll bar displayed in cell A2 ( A2 will be the Linked Cell for this slider; see below). 
3) Right-click on the scroll bar and select Properties from the pop-up menu. 
4) The Linked Cell is where the numerical value will go on the spreadsheet. Set the Linked Cell to be A2. 
Set the Min to 1 (because there no row zero!) and the Max to 20. 
5) Close the Property menu, and right click again on the slider and then select View Code. 
6) Now you are in the VBA Editor, with the code shell will appear: 
 
Private Sub ScrollBar1_Change() 
 
End Sub 
 
Before anything else, space this subroutine shell down a couple of lines, then on the top line in Sheet1 
type 
 
"Option Explicit" 
 
(This requires you to explicitly declare variables, as integer, real etc. The experts say implicit variable 
declaration, while supported, is a bad idea, to do with variant variable types) 
 
The command you want to enter in the code (above End Sub) is 
 
 "Range("A" & Format(ScrollBar1.Value)).Select" 
 
(Be sure to put spaces on both sides of the & sign.).  
 
Explanation of this code. This somewhat daunting code has several parts. Range has to do with 
identifying a cell or groups of cells, and it wants a string for an argument. But the value of Scrollbar1 is 
an integer, so we have to turn it into a string via Format, and concatenate it with the "A" string to get the 
right result. (If you use a lower-case a, instead of A,  it will still work) This command should 'select' the 
chosen cell, and we should see a black rectangular border around that cell. 
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Give it a try and see how it goes. (You'll have to return to the Excel sheet and exit Design Mode first.) 
The first time you try it you should see a cell in column A highlighted (selected). But for some reason, 
when you try it a second time, the next cell is momentarily highlighted, then the highlight disappears, and 
we are left with the scroll bar button blinking. Do it a third time and one gets the proper cell highlighted, 
and no blinking of the scroll bar button. And so on. This imperfect behavior is indicative of my imperfect 
knowledge of Excel VBA. 
 
Our last VBA exercise will be to put in a label, in addition to the scroll bar, and when we click on the 
label, it will put a series of 10 numbers up in cells A1..A10. These numbers will start with the value of 
the scroll bar and increase by 5 each time.  Here is the form of the loop you will need 
 
Option Explicit '  Goes at the very top of Sheet1. (VBA comments go to the right of single quotes.) 
      
   '  No code is needed for the scroll bar 
   '  but you will want to put in a linked cell where you can see its value 
   '  Scroll bar Max shouldn't be too big:perhaps 20 or so 
 
Private Sub Label1_Click() 
Dim i as Integer   
For i = 1 to 10 
'   The loop will fail and you will get an error if i = 0 to 10 because cell A0 doesn't exist 
Range("A" & Format(i)).Value = Scrollbar1.value + 5*(i-1) 
Next i 
End Sub  
 
After fixing a VBA code error, you may need to go in and out of design mode once to get running again. 
 
Postscript:  If we wanted to copy cells A10..B50 into cells C20..D60, one way to do it would be by 
copying from A10 to C20, B10 to D20, etc in a loop like the following 
 
Private Sub Label1_Click() 
Dim i as integer 
For i = 10 to 50 
Range("C" & Format(i+10) .Value = Range("A" & Format(i)).Value 
Range("D" & Format(i+10)) .Value = Range("B" & Format(i)).Value 
Next i 
End Sub 
 
(The VBA editor is nice in that it will capitalize a lot of things like Value if you don't.) 
 
Extra: file "Dispersive_wave_scroll_fit.xls" 
 
This file has microphone voltage data of sound travelling on a wire, where high frequencies arrive                        
first.  Sliders let you scroll through the (v, t) graph, and two others control vertical lines so you know 
when peaks are equally spaced. Software in VBA takes data and calculates frequency. 
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Using Solver 
 
The “solver’ optimization engine in Microsoft Excel is an excellent tool for fitting functions to real data 
sets and teaching the fundamentals notions of least-square fitting.  Unlike Excel’s built in “trendline” fits, 
using the solver requires one to calculate and minimize ∑ −= 22 )( thex yyχ , the sum of the squares of the 
deviations between the theoretical and experimental values.  The student gains an appreciation of what is 
meant by “best fit.”  Unlike Excel’s built-in “trendline” fits which only allow fitting of a very few 
specific functions to a data set, the solver approach allows any arbitrary function to be fit to the data set.  
Examples simple linear data to from radioactive decay and capacitor charging illustrate the usefulness of 
this technique. 
 
Before you can use the Solver, however, you have to make sure it is enabled.  In a typical Excel 
installation it is not enabled.   
 

• Go to the Tools menu and look for Solver.  If you find it, great!  If not, go down to Add-Ins and 
select it. 

• Scroll down in Add-Ins until you find the Solver Add-In.  Select it and hit “OK”.  You should be 
all set now. 

• Go back to the Tools menu and look for Solver.  It should now appear.  If it does not, ask for help. 
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Linear Fit Using Solver 
 

 
Open the file called “linear_fit.xls”.  This file contains some experimental data that looks like it might fit 
a linear model.   
 

• Create cells for the slope and intercept. 
• Use Chart Wizard to plot the experimental data (column B) vs. the independent variable in 

column A.   
• Use this plot to crudely estimate the values for the slope and intercept.  Enter these guesses in the 

appropriate cells. 
• Create a formula for y = mx + b that references the cells containing your slope and intercept 

values in column C.  Copy it down the column.  
• Add the fit (column C) vs. column A to your plot. 
• In column D create a formula to take the difference between the columns B and C values and 

square it.  Copy it down the column. 
• Create a cell with a formula that sums up the values in column D: 

 ∑ −= 22 )( thex yyχ . 
• Open Solver by going to the tools menu and selecting Solver. 
• Set the Target Cell to the cell containing your sum of squares. 
• Set By Changing Cells to reflect the cell locations where you put your slope and intercept values. 
• Tell solver you want to minimize the target cell by selecting Min. 
• Click on solve.  When Solver finishes, tell it whether you want to keep the solution it has come up 

with. 
 
 
Other Fits 
 
You can fit any data where you can build the function in the spreadsheet.  Try the exercises for fitting: 

• Charging capacitor data (“charging_capacitor.xls”),  )1( /
max

τt
c eVV −=

• Decay data for activated silver (“DecayData.xls”),  
backgroundeAeAta tktk ++= −− 21

21)(  
You want to plot the experimental data to aid you in making you initial guesses for the fit parameters.  
Solver will not necessarily converge to a good solution if your initial values are too far off. 
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Using Iteration 
 

One great example of how to use the iteration capability built into Excel is in the numerical solution of 
Laplace’s Equation to find the potential in some region of space containing no charge.  Only in the 
simplest physical situations can Laplace’s equation be solved in closed form.  Most of real physical 
situations have difficult geometry and require the use of numerical methods to obtain a solution.  
Numerical solutions can be easily performed in a spreadsheet.  In this section, use of Excel’s iteration 
capability to solve this problem will be demonstrated. 
 
The form Laplace’s equation takes in rectangular coordinates is 
 

02 =Φ∇  
 
We would like to obtain a numerical approximation to the potential that is easy to calculate at any point 
in space.  In two-dimensional problems, the potential in each cell is approximated by simply averaging 
the four cells surrounding it as shown in the snapshot here.   
 
 
 
 
 
 
 
 
 
 
I will leave derivation of this approximation to the electromagnetic theory texts1. A spreadsheet is an 
ideal tool for carrying out this type of calculation.  The surfaces of fixed potential are drawn in the 
spreadsheet simply by putting constant voltage values in them.  Each cell in between contains a formula 
that calculates the average of the two cells that border it.  The spreadsheet is set to iterate and turned 
loose.  
 
Before you attempt to use the iteration function it’s worth checking to see if iteration is turned on in your 
spreadsheet.  Go to the Tools, Options and select the Calculation tab.  Set it for Manual calculation and 
turn on the Iteration option.  Now you’re set to go.  Excel will begin iterating when you hit the F9 key. 
 
We will go through some examples of this together: 

• Parallel plate capacitor 
• Dipole 
• Box with three sides grounded and the fourth at a non-zero potential. 

 
 
 

                                                 
1 See for example, Reitz, Milford and Christy or Lorrain, Corson and Lorrain, both of which have sections on numerical 
methods for solution of Laplace’s equation. 
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RK2 integration.  MJM    June 17, 2006   rev c 
 
The figure below shows a spreadsheet to calculate the vertical motion of a particle launched from a 
height yo with an initial velocity Vyo, subject to gravity and acceleration due to air drag.  
 
Controls for time step and air drag.  
The time step in the numerical integration is adjustable via a scroll bar or 'slider'. This slider has a 'linked 
cell' G1 and the time step dt in cell B6 is the product of cells G1 and G2. A a second slider controls the 
acceleration due to air drag, with a linked cell G3.  The acceleration coefficient due to drag in cell B7 is 
the product of cells G3 and G4. 
 
Naming cells. To help interpret the calculations, a cells B3..B7 have been 'named' (Cells A3..A7 have 
text in them as a label for you to remember what the named cells are.)  The figure shows that cell B4 has 
been selected, and it has been given the name Vyo, as shown in the box at the upper left (this box would 
say B4 if this cell had not been named). Naming a cell is most easily done by first selecting the cell and 
then clicking on the box at the upper left and typing the name in there. You can also select the cell and 
then on the top menu go to Insert / Name / Define to name this cell. (If you mess up and name cell A3 as 
yo (Instead of naming B3 as yo. Naturally I have never made this silly mistake!), then you have remove 
this name by going to Insert/Name/Define and then cancelling it out.) 
 
Labelling and naming together. To do both labelling and naming together: type the label yo in cell A3, 
then hit Ctrl-C to copy it. Then select cell B3, click on the upper left box (the 'address window') and hit 
Ctrl-V. This pastes yo in the address window as the name of cell B3, and you only typed it once.  
 

 
 
Runge-Kutta 2nd order (RK2) calculations. 
We start with the initial position and velocity, and calculate the initial acceleration from these two. Since 
the average acceleration is   aavg = Δv/Δt.   Using the average acceleration we could calculate the velocity 
at a time Δt later as 
 
 v(t+Δt) = v(t) + aavg Δt .         (1) 
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And likewise  vavg = Δy/Δt, so that  
 
 y(t+Δt)  = v(t) + vavg Δt .         (2) 
 
This is pretty much what we will do, with one small wrinkle. First we will 'half-step' the position and 
velocity to the middle of the time interval 
 
 v(t+Δt/2) = v(t) + a(t) Δt/2,  and 
 
 y(t+Δt/2) = y(t) + v(t) Δt/2. 
 
With the half-step values of position and velocity, we can calculate the acceleration aavg in the middle of 
the time step. Then we use Eqs (1) and (2) to do a full time step of position and velocity. 
 
We assume drag proportional to v2, so the drag acceleration is actually the coefficient a_drag multiplied 
by v (abs(v)). This is needed because we want the drag to change sign when v does. 
       address window                                          
       
yo   = g - a_drag*C10*abs(C10)    = g - a_drag*F10*abs(F10) 
 
  Vyo   = B10+dt/2*C10 
 
    formula window  = C10+dt/2*D10 
            

 
 
=A10+ dt = B10 + dt*F10 =C10+dt*G10 
 
 
= g - a_drag*C11*abs(C11) = B11+dt/2*C11 = C11+dt/2*D11 = g - a_drag*F11*abs(F11) 
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Address window               Formula window 
 

 
 
Shortcuts to save typing: 
   
For " = A10+dt", press the "=" then click on cell A10, press the "+", and click on the cell named dt 
 
  fill in B10, C10, and type in D10 
  type E10 and use the drag button to 'drag'  it to F10 
  copy D10 to G10 
  type B11 and use the drag button to 'drag' it to C11 
  select D10..G10 and 'drag' down to D11..G11 
 
Finally: Select A11..G11 and 'drag' down as far as you want. (Maybe 200-300 rows) 
  Then plot y vs. t or Vy vs t. 
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