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Getting Started with Mathcad

This worksheet uses a sim ple physics problem  to provide introductory inform ation on som e im portant fundam entals of 
Mathcad.  The principles covered in this worksheet are at the core of using Mathcad, and should be helpful for those 
who are new to Mathcad and just getting started.  Please note that this is not intended to be an indepth tutorial, and 
therefore won't provide details on every m ouse click and keyboard entry.  There are tutorials available in the Getting 
Started tab on the ribbon, so if you find yourself needing a little extra explanation, the tutorialswould be a good 
resource.  

Problem
Suppose we have a block of m ass m   that is fired up an inclined ram p.  
The block travels a distance of 1.5 m eters up the ram p, com es m om entarily to 
rest, and then slides back down to the bottom  of the ram p.  
Calculate the frictional force acting upon the block as it is m oving up the 
ram p.

In the calculations that follow, we will refer to the frictional force as F.

Variables
First, we'll define variables needed for the frictional force calculation.  Notice that we are including units on the variable 
definitions, because Mathcad processes units throughout calculations.  Define all inputs needed for the calculation: m ass 
of the block, initial velocity as it starts up the ram p, angle of the ram p, and distance the block travels before starting its 
descent.

≔m 4.5 kg ≔vo 5.2 ―
m

s
≔θ ⋅32 deg ≔d 1.5 m

Defining variables:To define variables, we use the definition operator, which is represented by the := sym bol

-
-

The definition operator is located on the Mathcad Ribbon here: Math tab/Operators button/Definition and Evaluation section/:=
The keyboard shortcut for the definition operator is colon character :
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Using units:To add units, sim ply type the num eric value followed by the unit.  

-
-
-

Do not enter a space inbetween the num ber and the unit.  
You m ay enter the m ultiplication operator between the num ber and the unit, as we did for the angle theta above.  
Look here for a com plete listing of available units and their proper form ats:  Math tab/Units button

Calculations
Next, let's define the equation to calculate frictional force, using variables defined above.  Mathcad will m ake sure all the 
units being used are dim ensionally com patible and correct, and will provide the answer with the correct units in a 
sim plified form .  It will also provide the answer according to the unit system  for this worksheet, which is the SI system .  
For this calculation, our answer will be provided with units of Newtons because Newtons are the default base unit for 
the dim ension of force in the SI system . 

In this equation for force, notice that "g" was not defined above with the  other 
variable definitions.  "g" is a built-in constant in Mathcad for gravitational 
acceleration, so it is not necessary to define it. 

≔F −―――
⋅m vo

2

⋅2 d
⋅⋅m g sin ((θ))

Just for clarification, we'll display the values of the input variables so that we know how we arrive at the calculated 
answer for force.  If we m ake any changes to these inputs in their definitions above on page 1 (we cannot m ake 
changes below as below we are sim ply displaying the stored values), then those new values will be updated in the 
displayed values below and will also be used in the calculation for force according to the form ula shown above.  
Mathcad substitutes the stored values for each of the variables into the equation and provides the calculated result with 
its units on the right-hand side of the equal sign.

=m 4.5 kg =vo 5.2 ―
m

s
=d 1.5 m =θ 32 deg =g 9.807 ―

m

s
2

=F 17.175 N =F 3.861 lbf display the answer in units of lbf

Viewing results:To view num erical results, type the variable nam e followed directly by the regular equal sign = 
Do not use the definition operator :=  to view results.  The definition operator is used only for defining things, or m aking assignm ents. 

Converting units on results: Num erical results are autom atically displayed using sim plified units for the given unit system .  
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- To change units on the results, delete the unit of Newtons in the answer, and replace it with the desired units.  In this case, we replace it 
with units of lbf.  Mathcad will then perform  the conversion and provide the answer in units of lbf.

Changing variable inputs: W hen a variable value is changed, that change will propagate forward and update everything thatdepends on it.  If  
changes are m ade to m ass, initial velocity, angle, or distance, or all of the above, those changes will autom atically be processed and the 
num erical results for force will be updated. 

Now, let's write the expression to calculate force in a slightly different way.  Let's write the equation for force as a 
function of the m ass of the block.  

≔F ((m)) −―――
⋅m vo

2

⋅2 d
⋅⋅m g sin ((θ))

Use the function definition above to calculate the force exerted on various blocks of different m asses.  Rather than 
changing the variable m ass above m ultiple tim es, we can create a vector to store a collection ofinputs for m ass.  W e 
will create a 4x1 vector called m ass, and we will assign units of kilogram s to the entire vector.  Then, we will use our 
function F to calculate force, using the m ass vector as an input to the function.

evaluate the function using the 
new definition for the variable 
m ass 

≔mass ⋅

3.3
4.8
5.6
9.1

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

kg =F ((mass))

12.595
18.32
21.373
34.731

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

N

Creating vectors:There are several ways to create a vector of inputs.  In this exam ple, we created the vector m anually: 
Matrices and Tables tab/Insert Matrix/Size a m atrix or vector then fill in the blanks (em pty gray boxes)

A vector or m atrix can also be created by:

-
-
-

copy/paste from  Excel, CSV, text
im porting data from  Excel
File I/O functions such as READEXCEL or READFILE
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Redefining variables:W hen variables are redefined, as in this case for the variable m ass, Mathcad always uses the last definition of the variable 
for calculations going forward.

Repeat the calculation above to determ ine the force acting upon blocks of various m asses, but this tim e, let's assign the 
results (vector of results) to a variable called forces.  W e will use the sam e input m ass.

≔forces =F ((mass))

12.595
18.32
21.373
34.731

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

N =forces

2.831
4.118
4.805
7.808

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

lbf

Finally, let's plot the results using a 2D plot.  On the x-axis, we'll plot the inputs for m ass(stored in the variable m ass
which is a vector).  On the y-axis, we'll plot the outputs for force (stored in the variable forces which is a vector).
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Resources
This worksheet covers basic principles of defining variables, defining functions, using units, working with vectors, and 
creating 2D plots for the purpose of providing som e guidance on getting started with Mathcad.  Each of these topics can 
be explored in further depth and detail.  Mathcad contains an advanced m ath engine that can be extended far beyond 
what has been covered in this worksheet, including capabilities such as Calculus, Differential Equations, Data Analysis, 
Solving, Program m ing, and Sym bolics.  To continue learning m ore about Mathcad, please refer to these resources:

-
-

-

Getting Started tab/Tutorial button - m ini tutorials on various topics, including the topics covered here
Getting Started tab/Engineering Resources button -exam ples of Mathcad worksheets across all engineering disciplines 
and industries
Getting Started tab/Community button -online Mathcad com m unity hosted by PTC where Mathcad userscan discuss 
and share inform ation

Streamlined Calculations
The section that follows (Appendix) contains a condensed version of the physics problem  used in this worksheet, so that 
changes to calculated results can be seen m ore easily when changes are m ade to input variables.  One of the m ost 
com pelling benefits of Mathcad is its ability to com bine m athem atical content with docum entation into a com prehensive 
docum ent; however, in the Appendix that follows, we will suppress all of the discussion included above for the purpose 
of viewing the inputs, equations, calculated results, and plot within a condensed form at.

Page 5 of 7



PTC Mathcad
www.ptc.com /product/m athcad/

Appendix

Problem
Suppose we have a block of m ass m   that is fired up an inclined ram p.  
The block travels a distance of 1.5 m eters up the ram p, com es m om entarily to rest, and 
then slides back down to the bottom  of the ram p.  
Calculate the frictional force acting upon the block as it is m oving up the ram p.

Variables

≔m 4.5 kg ≔vo 5.2 ―
m

s
≔θ ⋅32 deg ≔d 1.5 m

Calculations

≔F −―――
⋅m vo

2

⋅2 d
⋅⋅m g sin ((θ))

=F 17.175 N =F 3.861 lbf

≔F((m)) −―――
⋅m vo

2

⋅2 d
⋅⋅m g sin((θ)) equation for force as a function of m ass

≔mass ⋅

3.3
4.8
5.6
9.1

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

kg ≔forces =F ((mass))

12.595
18.32
21.373
34.731

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

N
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Thank you for your interest in PTC Mathcad!

Reference
The exam ple problem  used in this worksheet is taken from  the following publication:

Fundam entals of Physics, Third Edition Extended
David Halliday & Robert Resnick
Copyright 1974,1981, and 1988 by John W iley & Sons, Inc.
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