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 Introduction: Numerical calculus requires either a graphing calculator or mathematical software. 

Most graphing calculators are not capable of doing what is needed on numerical methods unless they 

are done recursively or by using programs. Many mathematical software (Computer Algebra Systems, 

CAS) also require the knowledge of programming specifically for the software. Students can also use 

pre-written programs, but this doesn’t help them to understand the mechanics of these methods. 

Widely available Microsoft Excel can be used for numerical calculus by writing a few small formulae 

and clicking and dragging. In this workshop we take advantage of intrinsic functions and cell reference 

capabilities of MS Excel to demonstrate instruction, computation, and visualization in numerical 

calculus. 

 

 Evaluation and Graphing of Functions: Any graphing calculator or CAS will graph functions by 

plotting points over an interval by dividing that interval into some subintervals, evaluating the function 

at some point over those subintervals, and plotting them. The plots are then connected to create the 

graph. Excel plots the graphs using the same technique. 

 

 Suppose we need to graph 
2

( ) xf x xe−=  over [ 3,3]− . Divide [ 3,3]−  into 12 subintervals of equal 

width. That is, let ( ) / 6 /12 0.5x b a n∆ = − = = . Then, starting with 3x = − , calculate ( 3 0.5* )f i− +  for 

0..12i = . Finally: using Excel’s Chart, plot and graph f.  

• Enter i, x, and ( )f x  in cells A1, B1, and C1 for column headings.  

• Enter 0 and 1 in cell A2 and A3 respectively.  

• Fill cells B2 and C2 with given formulae as in the following table.  

• Select cells A2:A3.  

• Click on the cell A3 box holder, hold and drag to cell A14.  

• Cells A2:A14 will be filled with numbers 0 through 12.  
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• Select cells B2:C2.  

• Click on the cell C2 box holder, hold and drag to cell C14. C2:C14 will be filled with the 

values of the function 
2

( ) xf x xe−=  for values in B2:B14. The second table is the result. 

 

       
 To graph ( )f x ,  

• select cells B1:C14.  

• Click on the “Chart Wizard” icon . 

• Select XY (Scatter), select continuous graph, and click next. 

• Customize the graph and then click finish. 
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 The result will be the following chart (graph). 
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 To enhance the understanding of graphing concepts and to demonstrate graphing techniques such 

as stretching, shrinking, reflecting or translation, we can use the “Scrollbar”, or “slider” feature of the 

“Control Toolbox” under the “Toolbars” in Excel. This feature allows us to have a dynamic graph 

rather a static graph. 

 

 Suppose we need to show the effect of changes in a, b, c, and d in graph of 

( ) sin( )f x a bx c d= + + . Furthermore, suppose we need to graph ( ) sinf x a x=  for 

2, 1.5, 1, .5,0,0.5,1,1.5,  and 2a = − − − −  over [ 2 , 2 ]π π−  starting with 2a = − , that is, graphing  

( ) 2sinf x x= − . For doing so, divide [ 2 , 2 ]π π−  into 32 sub intervals with 4 / 32x π∆ = . Since 
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“Scrollbar” can take only nonnegative integers, enter 0 in C1 and link that cell to “slider” with a 

maximum value of 8. The value of a in cell B1 is 2 0.5 1C− + , hence it satisfies our increments. As we 

move the “slider”, the values of f are recalculated and plotted. The first few lines of Excel output and 

its graph have been shown in next charts.  

 

  
 

 
 

 In order to insert a “Scrollbar”, after chart is complete,  

• Right click somewhere on the Excel’s “Toolbar” and select “Control ToolBox”, or click on 

“View” and from the “Toolbars” menu select “Control ToolBox”.  

• Click on “Design mode” icon in the “Control ToolBox” toolbar and select the scrollbar.  

• Move the mouse onto the worksheet area, left click and drag to select a small rectangle.  

• When the mouse button is released, the “slider” will appear.  

• Right click on the slider and choose properties.  

• Enter C1 in the “LinkedCell” of the properties dialog box. 

• Set “Max” equal 8 and “Min” equal zero.  

• Close the properties dialog box and click on the “Design Mode” icon again to exit. 

• Moving the “slider” should change the value of C1 and consequently the graph.   
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To prevent the chart from resizing, 

• Right click on one of the axis on the chart and choose “Format axis”. 

• Select “Scale” tab. 

• Uncheck the first four boxes under “Auto”. 

 

 Graphing sin( )a x is an example of change in amplitude or stretching, shrinking, or reflection. The 

Same procedure can be used to graph sin( )bx , change in frequency or stretching/shrinking, sin( )x c+ , 

phase shift or horizontal translations, and sin( )x d+ , vertical translations. 

 

 Regression: In modeling, sometimes we need to find the equation of a line that best fits a set of 

data. In Excel we have a few options for achieving our goal. First, we can use “Regression” command 

in the “Data Analysis” menu (package) of “Tools”. We can also use “Slope” and “Intercept” functions 

to find the slope and intercept of the line of best fit. Third, the slope and intercept can directly be 

calculated from the data using the regression equation 0 1ŷ b b x= +  where 2 2

( )( )
1 ( )

n xy x y
n x x

b −

−
∑ ∑ ∑=
∑ ∑  and 

0 1b y b x= − . The last method that we strongly suggest is trial-and-error. That is, let students guess the 

equation of the line of best fit. Then ask them to calculate the sum of squared error. The line with 

smallest sum of squared error is the best among all the guesses. 

 

 Suppose we need to find a line to fit the following data (ordered pair): {(1, 3.5), (2, 4.2), (3, 4.8),  

(4, 7.5), (5, 6.8), (6, 7.5)} .  

• Enter the data in Excel.  

• Plot the data as scattered plot using “Chart” and adjust the appearance of the chart as your 

liking. Guess the equation of the line and graph it on the same chart.  

• Right click on the chart and select “Chart Options”. Click on the “Gridline” tabs and add the 

horizontal and vertical gridlines.  

 

 In order to add the second line to the graph,  

• Right click on the chart and select “Source Data”.  

• Choose the “Series” tab and add the second series.  

• In the second series box enter {3, 8}. 
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 After guessing an equation and plotting it, the predicted y values can be calculated. We can also 

calculate the sum of the squared errors for our guess and compare it with sum of the squared errors for 

other guesses in class. In our case, we have predicted ˆ 2y x= + . Sum of squared errors can be 

calculated using excel. Using the regression equation, as mentioned above, and Excel, we can calculate 

the slope and the intercept of the equation of the line of best fit. 
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 Limits: Suppose we need to find
0

sinlim
x

x
x→

 numerically by studying the behavior of its graph close 

to zero. We use Excel as follows to create a table and calculate the values of sin /x x  close to zero, 

approaching from both sides. Excel will calculate sin x  for x in radians. If x is in degrees, it has to be 

converted to radians. Also, as we realize Excel gives “#DIV/0” for sin 0 / 0 . 

 

      
 

 Numerical differentiation: Derivative of a function ( )f x  at a point ( , ( ))a f a , ( )f a′ , (slope of 

the tangent line to the graph of f at ( , ( ))a f a ) is given by 
0

lim(( ( ) ( )) / )
h

f a h f a h
→

+ − . Suppose we need 

to find the slope of the tangent line to the graph of ( ) sin /f x x x=  at / 4x π= . We can use the limit 

process to find this value. 
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 Newton’s Method: When finding exact real solution(s) to an equation, if they exist, is not 

possible, Newton’s Method, which takes advantage of derivative and linearization, can be used to 

approximate these solutions. Suppose we need to find a zero of ( )f x  over an interval. The process 

starts with an initial guess 0x  over that interval. If 0( )f x  is not within the tolerance level, then the next 

solution can be approximated by finding the intersection of the tangent line to the graph of f at 

0 0( , ( ))x f x  and the x-axis. We can continue the process, if all requirements are met, recursively until 

( )f x  is close enough to x-axis for it to be called a zero. The equation of the tangent line to the graph 

of f at 0 0( , ( ))x f x  is given by 0 0 0( )( ) ( )y f x x x f x′= − + . Solving 0 0 0( )( ) ( ) 0f x x x f x′ − + =  (its 

intersection with x-axis) will results in  0 0 0( ) / ( )x x f x f x′= −  or,  

1 ( ) / ( )n n n nx x f x f x+ ′= − . 

 Let 5( ) 1f x x x= + −  then 4( ) 5 1f x x′ = + . Starting with initial guess 0 0x =  we create the 

following Excel table to find zero of f. As it can be seen, we have our approximation in 4 or 5 steps 

depending upon the tolerance level. 

 

      
 

 Newton’s Method might fail for some functions: when the initial guess could cause the process to 

diverge, derivative at some point is zero, or the initial guess will give a zero which was not intended.  

 

 Newton’s method can also be used to approximate irrational numbers such as π  and 2 . 
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 Riemann Sum: The area of a planar region lying between the graph of ( )f x  and the x-axis can be 

approximated by calculating the sum of rectangular areas under the curve and x-axis. Suppose we need 

to approximate the area between the graph of ( )f x , x-axis, x a= , and x b= , assuming ( ) 0f x ≥  for 

all x in [ , ]a b . The process starts by dividing the interval [ , ]a b  into n subintervals, that is, the width of 

each subinterval is given by ( ) /x b a n∆ = − . Then we evaluate ( )f a i x+ ∆ , for 0,1, , 1i n= −  (if we 

start with the left-end point of each subinterval, otherwise, 1, 2, ,i n= ). The approximation to the 

area then is obtained by adding the area of all rectangles width x∆  and height ( )f a i x+ ∆ . That is, the 

approximate area is 
1

0
( )

n

i
f a i x x

−

=
+ ∆ ∆∑ . 

 Suppose we need to approximate the area between the graph of 2( ) 1f x x= +  and x-axis over the 

interval [0, 2] . Let 8n = . Then (2 0) / 8 1/ 4x∆ = − = . The left-end point, the right-end point, and the 

midpoint approximation is given in the following Excel table. 
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 Increasing the number of subintervals to 100 will refine this approximation to 4.628. 



 12

 The actual area can obtained analytically by letting the number of subintervals approach infinity. 

That is area 
1

lim ( )
n

iin
f c x

=→∞
= ∆∑ , where 1i i ix c x− ≤ ≤ . In addition, ic s can be anywhere on the interval 

1[ , ]i ix x− . We can take advantage of the Rand() function in Excel to show this fact. 

 

     
 

 The Riemann sum relaxes the requirement for the width of subintervals to be the same. The area 

can be found by 
1

( )
n

i ii
f c x

=
∆∑  where 1i i ix c x− ≤ ≤  and ix∆  is the width of ith subinterval. 

     
 

 In our calculation we reach the result with15 subintervals and area of 4.99686. 
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 Monte Carlo Method: The Monte Carlo method relies on the random numbers to approximate the 

area of a region between a function f and the x-axis (or another function).  

 

 Suppose we need to approximate the area 

bounded by the graph of 
3(1 )( ) xf x e −= , x-axis, 

0x = , and 2x = , as shown in the opposing 

graph. That is, we need to evaluate 
32 (1 )

0

xe dx−∫ . 

First, we select a random number, x, on [0, 2]  

and evaluate ( )f x . Next, we select another 

random number, X, between 0 and 3. If 

( )f x X≤ , then the selected point is above the 

curve, in the rectangular area of size 2 3× ;  

otherwise, it is under (or on) the curve. The ratio of the number of points under the curve to the total 

number of points is the area under the curve. The approximation improves as the number of selected 

random points increases. 

 In Excel, the function Rand() selects a decimal number on [0,1]  randomly. Since we are 

approximating the area over [0, 2] , then we multiply each random number by 2  for x-axis. Since, we 

are comparing the area under the curve with the area of the rectangular region of height 3 then the 

second selected random number will be multiplied by 3. Next, we use IF function to decide whether 

our random points are above or below the curve. Rand() recalculates every time a function is executed 

in Excel. After all calculations are done, we can use the Copy, Paste Special feature of Excel to change 

all formulae to numeric values (all formulae will be deleted.)  
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 In our calculations, the number of points under the 

curve (or on the curve) were 36 which gives us the area 

of 6(36 /100) 2.16= . The Maple approximates the area 

as 2.1494. 

 

 The Monte Carlo Method can also be used for 

double or triple integrals. 

 

 

 Euler’s Method (Numerical Differential Equations): Euler’s Method, as Newton’s Method 

relies on linearization to approximate the solution y of a differential equation (initial value problem) 

( , )y f x y′ =  with initial condition 0 0( )y x y=  at some x. The equation of the tangent line to y at 

0 0( , )x y , using a very small increment dx , is given by 0 0 0( , )y y f x y dx= + . Recursive calculations of 

( , )i ix y will approximate ( )y y x= . 

 Suppose we need to approximate the solution of 2xy y e′ = − , with (0) 1y = , 0.25dx =  at 2x = . 

We use Excel to approximate iy  and compare it with exact solution 2 2x xy e e= − + . 
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 The Euler’s method results in 24.5358− , where (2) 39.82y = − . We can also look at their graphs.  

 

 
 

 Conclusion: Excel is a great tool for calculation and presentation in teaching numerical calculus. 

In addition to its use in any of the methods mentioned above, it can be used for other numerical 

calculus techniques such as volume, arc length, line integral, etc.  It can also be used in Statistics and 

Finite Math classes. 
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