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Kinematics – ME 337 
Microsoft Excel: Advanced Topics 
 
 Spreadsheets can be powerful tools for engineers particularly because they can combine data, equations, 
charts, and graphics. In this course, we will use some of the lesser-known Excel functions and tools, such as 
complex-numbers, matrix functions, and the Excel solver. The purpose of this handout is to show an example of an 
engineering design spreadsheet and provide a review of some of the lesser-known Excel functions. 
 Creating the four-bar spreadsheet for this course requires only a basic understanding of Excel. If you are 
new to Excel, then you may want to view a basic tutorial or two. You can get to many free tutorials by simply 
searching online (search for "Excel tutorials", "Excel basics tutorial", etc.) You will want to learn about entering 
data, creating formulas, referencing cells, using absolute and relative references, and copying formulas. 
 

SPREADSHEET STYLE 
 

The example shown below should give you an idea of what a professional design spreadsheet might look 
like. As with any program, report, or technical document, it is important to communicate properly. This can be done 
with graphics, labels, comments, etc. For class assignments, you do not have to create graphics as shown below, but 
you ought to document your spreadsheet appropriately so that it can be interpreted by others. 
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MATRIX FUNCTIONS 
 
 Excel can be used to solve systems of linear equations. This can be helpful when you are required to do 
free-body diagrams of mechanisms and solve for the forces at the joints. Excel performs matrix operations when you 
press Ctrl+Shift+Enter after creating your formula. 
 
Example:  Multiply a 2x2 matrix by a 2x1 vector. 

Step 1: Enter the values of these two matrix on the spreadsheet. 
Step 2: Block out a 2x1 space where the product will reside (2x2 * 2x1 = 2x1) 
Step 3: For the now-highlighted region, enter the following equation: 

  =MMULT(A2:B3,C2:C3) 
Step 4: After typing the equation, press Ctrl+Shift+Enter 

 
System of Equations: 

Solve AX = B for X using the equation X = A-1B 
 

  
 

Note: After pressing Ctrl+Shift+Enter, Excel indicates a matrix operation by surrounding the formula with 
{ } as shown above. 

 
Matrix Command Summary: 

MINVERSE(array) – Returns the inverse of a matrix array 
MDETERM(array) – Returns the determinant of a matrix array 
MMULT(array1,array2) – Returns the product of two matrix arrays 
TRANSPOSE(array) – Returns the transpose of an array 

 
 
 

SOME USEFUL TRIG FUNCTIONS 
 

DEGREES(angle_in_radians) – Converts to degrees 
RADIANS(angle_in_degrees) – Converts to radians 

Note: Excel functions work with radians, not degrees. Do not forget to convert degrees to 
radians before using trig functions! 

PI() – Returns the value of π. 
ATAN2(x,y) – Returns an angle between –π and +π. 

 
 Hint: If you want to use Greek symbols, change the font to "Symbol". 
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IF STATEMENTS IN EXCEL FORMULAS 
 
IF(logical_statement, value_if_true, value_if_false) – Behaves like a typical "if" statement, with the 
logical_statement being a condition such as A2<B4. The ATAN2() function could be written as a nested IF 
statement as shown below: 

=IF(x>0,ATAN(y/x),IF(y>0,ATAN(y/x)+PI(),ATAN(y/x)-PI())) 
 

Note: An "IF" statement can be useful when creating formulas for θ3 and θ4 using the algebraic equations 
for the 4-bar mechanism. 

 
 
 

COMPLEX NUMBERS 
 
 Excel has a few functions that work specifically with complex numbers. In order to use these functions, you 
must install the Analysis ToolPak Add-in. Go to Tools -> Add-Ins… , select the Analysis ToolPak and press OK. 
 
 Excel functions that return complex numbers return them as text in rectangular form (a+bi). You should 
remember to always use radians when working with complex numbers and trig functions. 
  
Example: Converting from rectangular to exponential form. 

 θirebia =+= )(R  

 22 bar +=     =IMABS("3+4i") 

)/arctan( ab=θ  =IMARGUMENT("3+4i")  in radians 

  Note: IMARGUMENT(COMPLEX(3,4)) is the same as ATAN2(3,4) 
 
Example: Converting from exponential to rectangular form. 

 θcosra =     θsinrb =  

 =COMPLEX(rcosθ, rsinθ)  
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THE EXCEL SOLVER 
 
 Excel has a powerful optimization algorithm that can be used to solve systems of nonlinear equations. It is 
an add-in, so if it is not already installed, go to Tools -> Add-Ins… , select Solver and press OK. 
 
 In the following example, the solver is used to find values for θ2 and θ3 that satisfy the given equations. The 
simple way to solve the system is to first make the equations implicit (equal to zero). Then create an objective 
function that when minimized, drives both equations to zero. Minimizing the sum of the squares of each equation 
will accomplish this. 
 
 

 
 
 
 When running the solver, the objective function is the target cell, and the unknowns are the cells that you 
want to allow the solver to change (see below). 
 
 

 
  
 


