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In the historical process of development tools and technology transfer of 
knowledge from generation to generation can be divided into three revolutionary 
developments: the emergence of writing, the invention of printing and the global 
implementation of computer information technology. We are witnesses and 
participants in past events.
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Any changes, usually accompanied by crises of varying depth and varying 
degrees of soreness out of them. If we talk about computer information 
technology, in this area today, there is a crisis, which is conventionally called the 
"nightmare legacy software."
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Clear boundaries between these stages (information technology) does not exist. 
Working in an environment of mathematical programs may have to be inserted in 
the calculation of a spreadsheet or your own functions written in C, in which code 
fragments embedded assembler.
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“Motherland” of all mathematical packages is the USA. Only MuPAD “was born” 
in Europe. Although, finally it has been sold to an American company.
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Speaker works with Mathcad for more than 20 years. He works closely with the 
developers of the package, wrote 10 books on the package (one in English). He 
advises users of the package through the various forums.
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About 40 thousand companies all over the world use Mathcad. Mathcad is in great request 
in the education field. 
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Mathcad is very popular in Russia, too. I took part in Mathcad translation into 
Russian.
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The main product of  PTC is CAD-program Pro/ЕNGINEER. PTC company 
bought Mathcad in 2006 to make calculations before designing. Such calculations 
demand a wide Mathcad integrated database on properties of materials, working 
mediums, and heat carriers.
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Why Mathcad is so popular? Mathcad gives many advantages. I would mark 
seven features of Mathcad.
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A formula notation in Mathcad are little different from pen notes on a piece of 
paper. «Whiteboard» Technology.
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Here is calculation of human heart capacity given as an example. Package 
Mathcad not only calculate (2 * 2 = 4), but also converts units (1km = 1000m) and 
check its.
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The variable names in Mathcad are coincide completely with the names used in 
sciences long before computer appearance. For this reason Mathcad worksheet 
can be free of additional remarks.
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SmartMath mode enables us to invoke symbol mathematics for solving problems 
by using numerical methods.
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There are three examples of using plots to represent results of thermal technical 
problems.
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It is shown below how to insert a ready user-defined function into Mathcad. 
Although, user functions could be made user-defined ones shown in dialog box 
“Insert function”.
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Programming in Mathcad enables us to expand possibilities of this engineering 
calculator. The slide shows two examples of Mathcad built-in programming 
language with use of recursion and symbol engine. It is also possible to use 
traditional languages, for example, Java Script.
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As I noted before notation of Mathcad variables does not differ from that in books 
and manuscripts. The same it may be said about Mathcad operators.
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A little old database on the properties of materials is built into Mathcad. The 
developers did not upgrade its long. Customers are increasingly looking for 
information on the Internet.
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The problem of all mathematical packages is that it is impossible to generate exe-
files there. A user (not developer) has to buy a mathematical package to work 
with the ready-made worksheet. Mathcad Calculation Server is one of possible 
solutions.

20



In case of the other Mathematical packages it is needed to create application for 
the Internet from the beginning. In Mathcad environment one should just prepare 
a ready calculation for publication, using Web Controls.
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More than 10,000 Mathcad-worksheets are open on the calculation server!
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About 1,000 visitors come to the server daily.
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Developers from around the world send their Mathcad-documents to the 
calculation server MPEI(TU). Students MPEI(TU) transfer paper pages reference 
books in the open interactive network form.
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Chekhov said: "If a gun is hanging on the stage, then it must shut in the last act 
of the play!". We can say so: "If a reference has a formula, then it should work, it 
must cacolate!".
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The International Association for the Properties of Water and Steam (IAPWS) 
publishes on its website "dead" formulations (files with the format pdf). "Live" 
formulations are available on the calculation server MPEI.
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A visitor of this site may change the initial values of temperature and/or density of 
water/steam, then click the button Recalculate and get not only the values of the 
properties of this substance, but all the intermediate data, which is very important 
for debugging generated programs.
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Users can download from the Internet the function p(ρ, T) and paste it into your 
Mathcad-document.
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A visitor of this site may change the parameter (name) at y axes of the plot and 
get a new configuration of the regions IAPWS-IF97. It may also zoom a part of 
the Plot. 
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On this slide shows four graphical configuration of regions of Formulation 
IAPWS-IF97 with a zoom at an "interesting" points. 
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A visitor of this site may change the initial values of temperature and/or pressure 
of the water (the region 1) or steam (the region 2), then click the button 
Recalculate and get not only the values of the properties of this substance, but all 
the intermediate data, which is very important for debugging generated programs. 
In addition, the visitor sees his point on the graph of regions of the Formulation 
IAPWS-IF97.
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A visitor of this site may change the initial values of temperature and/or density of 
the water or steame in the critical area, then click the button Recalculate and get 
not only the values of the properties of this substance, but all the intermediate 
data, which is very important for debugging generated programs. In addition, the 
visitor sees his point on the graph of regions of the Formulation IAPWS-IF97.
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A visitor the site shown on the left, can I change the values of temperature, click 
button Recalculate and receive not only the pressure the saturation line (region 
4), but all the intermediate data, which, as I repeat, it is very important for 
debugging generated programs. In addition, the visitor gets the value of accuracy 
of calculation and sees his point on the saturation line.

The site shown on the right – the Region 5 o the Formulation IAPWS-IF95.
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A visitor of this sites can enter the values of pressure (left) or temperature (right), 
click the button Recalculate, to obtain not only the parameters of water and 
steam at saturation line, but also to see the "place" of these points on the 
saturation curve.
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It were created "lightweight" (without graphics) sites for students who have to pay 
for Internet traffic, where the only numerical values are given with SI (kg, MPa, m 
etc - see site on the right) or U.S. (lb, ksi, ft etc) units.
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A visitor of this site may change the initial values of temperature or pressure of 
the moisture steam and the values of specific enthalpy or specific entropy or 
specific volume or moisture content, click button Recalculate and get not only the 
values of the properties of this substance in the double-phase region. In addition, 
the visitor sees its point between the two saturation lines.
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We can calculate in Internet thermophysical properties of water and steam, using 
also the program Mathematica.
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We can calculate in Internet thermophysical properties of water and steam, using 
also the free of charge program Smath (new IT: Cloud Computing).
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Function of a new, tested in the present version of Mathcad, returning the ionic 
product of water.
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Properties of water and water vapor: the official site of IAPWS - the calculation server MPEI 
– Student’s Pocket PC + WiFi
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Product First is a philosophy built on the 
idea that great products make great 
companies It places product at the centercompanies. It places product at the center 
of business strategy, creating an adaptable 
framework for leveraging other business 
imperatives, such as building customer p , g
relationships, optimizing the supply chain, 
and efficiently allocating resources. 
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If the properties of water and steam (Application WaterSteamPro™) are available 
in Mathcad, we easily can calculate and open in Internet for interactive use: a
visualization of the process of an expansion of steam in a steam turbine with a 
variety of internal efficiency value, for example.
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If the properties of water and steam (Application WaterSteamPro™) are available 
in Mathcad, we easily can calculate and open in Internet for interactive use: a 
calculation and visualization of the Rankine cycle, for example.
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If the properties of water and steam (Application WaterSteamPro™) are available 
in Mathcad, we easily can calculate and open in Internet for interactive use: an 
optimization and a visualization of steam-turbine cycle with two steam extraction 
for internal heating, for example.
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If the properties not only water and steam (Application WaterSteamPro™) but 
gases are available in Mathcad, we easily can calculate and open in Internet for 
interactive use: a calculation and visualization of the binary cycle, for example.
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A typical problem of heat transfer (temperature field in heat-conducting element): 
an open interactive networking solution. When we «revived» all formulas in 
reference books, we found lot of misprints.
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An exam by Internet: you need to fill all text boxes with formulas, click the button 
Recalculate and properly solve the problem of the Otto cycle efficiency.

50



Except formulas, we find in reference books various kinds of plots. How can we 
«revive» them for Internet!?
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We have developed technology to automatically convert «paper» graphs from 
paper manuals in an interactive web-based forms.
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We have also developed technology of automatic translation of the "paper" 
nomograms of paper manuals in an interactive web-based forms.
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Example of interactive nomogram on the Internet.
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A Nomogram is a user-function, which can be downloaded from Internet and 
paste it into your own Mathcad-worksheet.
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Except formulas and plots, we find in reference books various kinds of tables. 
How can we «revive» them for Internet!?
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An example of a translation any simple 2D-table to an open, interactive form: an 
interpolation and an approximation (fitting). 
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Approximation in a selected range of temperature values.
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Site with live tables of thermophysical properties of various substances, materials 
and compounds.

59



Example 2D-table in one paper reference book.
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Example 2D-table in one web reference book.
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User function, which can be downloaded from the Internet and paste it into your 
Mathcad-worksheet.
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Close user function, which can be downloaded from the Internet and paste it into 
your Mathcad-worksheet.
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A different kind of protection - the user can only see the calculation in Internet. If 
he knows the password he can calculate with other input data.
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High level of protection - the user can only see the calculation in Internet. If he 
has an electronic key he can calculate with other input data.
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Example of the translation 3D-table to an open, interactive form: interpolation and 
approximation.

66



Possible cooperation MPEI(TU) – NIST – PTC – Knovel
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NIST can place on own site open interactive network calculations on the 
properties of materials and the corresponding functions for Mathcad, Maple, 
MatLab, Mathematica etc.
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MPEI(TU) or PTC you can place on their sites open interactive network 
calculations on the properties of materials and the corresponding functions for 
Mathcad, Maple, MatLab, Mathematica etc, describing them in paper or 
electronic books.
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PTC is can place on their site Mathcad Resource Center open interactive network 
calculations on the properties of materials and the corresponding functions for 
Mathcad, Maple, MatLab, Mathematica etc.
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Company Knovel can place on your site open interactive network calculations on 
the properties of materials and the corresponding functions for Mathcad, Maple, 
MatLab, Mathematica etc, describing them in electronic books.
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Example of e-book with the ability to work with open interactive network 
calculations.
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Thanks!

Do You have questions?
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