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Foreword

Headings similar to the title of this book are possible in practically any computer edition: «Tips for Programmers of Visual Basic» or «Tips for MS Office Users», etc.

These tips are conditionally divided into three groups:

1. Recommendations that are in published documentation and in Help by the original vendor.

2. Information provided by program developers, giving information about new and useful properties of the program and ways of defect neutralization after the beginning of commercial sale.

Information about results of experiments on the program. One can speak of so-called undocumented (collateral) properties of the programs. Developers ask the end user to avoid these practices, but...

A naturalist, who wants to study the world, cannot address his questions to the Creator directly (to God or to Nature – as you prefer), but he has to ask an investigated object. For this purpose the experiment is carried out
[1] – some disturbance is created in the object and the reaction is determined: «Click a horse on the nose; it will whisk its tail!».

Each program has an author. As a rule, one cannot find the name of the author on the box with the distribution kit or in the documentation, but the author exists
[2]. Hence, any experiments with the program are needless. Any questions that arise should be directed either to the documentation or to the author. But… for example, if it is required to know whether the argument of a sine function must be in degrees or radians, one probably will not look for it in the documentation, but simply write x: = sin(90) and see the result. The user carries out similar «experiments» hourly, reading the documentation only in some sophisticated cases. Often, this does not lead to an answer. Turning to the «Creator» is too difficult. We can find the program's vendor on the hot-line, but not the author. Most probably, you will be asked to call back in a few days. During these days… they will carry out their own experiments on the program and try to find the answer. As a rule, asking the author gives nothing because he has forgotten his brain-child already and now works on an entirely new project. Even if it is not the case, the author likely does not remember all the properties and nuances of the program. Moreover, in creating the program, the programmer himself continuously experiments on it, surprising himself with its new, unexpected properties, most of which never make it to the documentation.

Consequently, a user often forgets (involuntarily) that the program is a creation of the mind and hands of a man (Second Nature) and supposes that it is the fruit of the “Creator's” labor, anonymous and inaccessible on any hot-line, (First Nature).

One can consider that celestial mechanics was not discovered by man, but the Creator betrayed a secret of higher laws, throwing an apple and striking Newton’s head. The merit of a genius (Newton) is just an ability to be at a certain time and in a certain place
[3]. The programs fall to us from above, too. Hence, the vitality of idea freeware. Vendors and programmers are not necessarily fond of this concept. We can say, that God (Absolute World Reason) has created not only man, but also the computer. A man who writes a program for the computer simply exhales soul into the lifeless heap of hardware. Body trade (transplantation of organs, transfusion of blood, prostitution, at last) is a reality in our day. The theme of the purchase and sale of a soul is the stuff of only myths and legends and also in their literary treatment (Faust history, for example). When we get some software, we buy only the «body» – disks, documentation, information and discounts under new versions, and the main thing – service after the sale.

Before we return to the tips, we note once more that the division of the tips between «correct» and «incorrect, wrong» is rather conditionally owing to inevitable experiments on the particular program. Giving «harmful» tips, the author says to readers: «Think and decide – to have or not to have in your own program». The following group of tips can be classified by another name: «crazy hands». The author's hope, after the reader becomes familiar with some tips, that he will then will tell himself: «As an idea this is disputable, but it is very interesting. I shall do it a differently and even better!»
[4].

A program may be suitability for application to some concrete practical problems. Also, a program can be considered an entertaining and difficult puzzle («a gymnastics for the mind
[5]»), that may be suitable for high intellectual leisure: «I wonder what will I get, if I do it like this?! I do not know what this programming trick is for, but it looks amusing».

Now we want to say something else about authorship. Tips for working on a computer are like jokes. It is not easy to mention the name of the author of some successful tip or joke. The author is people. If a reader becomes familiar with some recommendation, he can tell: «But I know a better ending for the joke, pardon, the tip – this problem can be solved more easily and more effectively in Mathcad!». Another reaction may be following: «Interesting reception. I must introduce it to my colleagues (I shall retell a joke) and I shall include it in my Mathcad-documents!». The author (elementary part, «bit» of people) is prepared for the third reaction – neutral or negative. In any case he will be glad to receive responses from readers. This way he can expand and perfect more tips for users of Mathcad. This book is duplicated on a site http://twt.mpei.ac.ru/ochkov/MC&MC.book/Sovet/sovet.htm. The readers can send new tips and publishable comments to the address ochkov@twt.mpei.ac.ru. 

At first, it was attempted to separate tips into seven precise groups, covering various aspects of work in Mathcad. But, it turned out that it is not easy to do such gradation. A single tip can touch various aspects of work. Therefore, it was decided to give icons that can provide advance warning about what we are going to present after the name of a tip:
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 – Input-output of the information in the Mathcad-worksheet
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 – Work with variables, operators (built-in and user implemented)
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 – Remarks in a Mathcad-worksheet
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 – Units in a Mathcad-worksheet
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 – Symbolic mathematics (analytical transformations)
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 – Programming
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 – Graphing

Also, these two icons mark the following features of some tips:
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 – An undocumented method, which solves one problem, but may create a new one
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 – «If it is impossible, but we want it very much, it is possible!» – this icon marks quite legal use of old tools in new or unusual applications («Crazy hands» – see above).

There is no special order or alternation of the tips: from the current tip, references
[6] both to subsequent and to previous tips can be made. From the referenced tip, it is possible go to a new one or an old one. It is possible to study a tip, following strings (web if we remember the abbreviation WWW) of links but not the table of contents. So, a reader can dive into the tips at random. He can choose something that may have intrigued him more than something else. Tips of the book are some elements of a scattered mosaic (Puzzle). From the mosaic, a reader can collect a his own pieces and build a picture that reflects a sphere of his interests. Such «pictures» were collected by the author, too. It is articles (etudes, sketch), where links are made:

· Color in the programs http://twt.mpei.ac.ru/ochkov/Color_in_Program/index.htm
· The story of the masterpiece (Mathcad and nonstandard graphics) – http://twt.mpei.ac.ru/ochkov/Lace/Lace_eng.htm
· Boolean cubs – http://twt.mpei.ac.ru/ochkov/Fuzzy%20logic/Bool_Cube/Logic.htm
· Mathcad and Maple – Working with Units – http://twt.mpei.ac.ru/ochkov/Unit_MC_MP/Unit_MC_MP_eng.htm
· Solving of algebraic equations and systems or Van Gogh in Mathcad – http://twt.mpei.ac.ru/ochkov/Carpet/carpet_eng.htm
· Price of an Old Car or The Way from Correlation to Regression in Mathcad – http://twt.mpei.ac.ru/ochkov/car/c_e.html
· The Invisible Variable – http://twt.mpei.ac.ru/ochkov/Invisible/Eng/Index.htm etc – see http://twt.mpei.ac.ru/ochkov/work2_eng.htm
As the author understands and quite supposes, it is difficult to think out any practical application for some tips of the book. But… Coming back to the idea that the programming does not have to be of practical benefit (gymnastics for the mind
[7]). It is possible to confirm that the work on the computer is some kind of high intelligence entertainment. The author gives a tip and asks the reader to find a practical application for it.

Well, and now we shall begin a statement of tips. There are exactly one hundred of them. We do not count those tips that a reader will find between the lines of the text and in the operators and figures of the Mathcad-documents.

Tip 0 Why it is necessary to work with Mathcad

[image: image10.png]


 [image: image11.png]


 [image: image12.png]


 [image: image13.png]


 [image: image14.png]


 [image: image15.png]


 [image: image16.png]


 [image: image17.png]


 [image: image18.png]



Mathcad was developed as some program tool, which is alternative traditional programming languages. Many specialists in concrete area of knowledge (physics, chemistry, biology, mechanical engineering and so on and etc.) as well as some schoolboys and students could not use computer efficiently because of difficulties in mastering programming languages. Mathcad allows to solve numerous scientific, technical and engineering and educational problems without using programming languages.

At present time the situation has cardinally changed. Beginning study their future profile specialities, as rule many students know one of the programming languages rather well and they are ready to solve their problems with the help of already investigated programming tools. In this case Mathcad becomes as if unnecessary. Moreover there is a number of properties of Mathcad, which allow it not only «to live» but also to gain new admirers even among aces of programming.

Point is that that Mathcad allows to speed up a few times more the process of problem statement and its solution. Such spurt was observed when we turned from work in computer codes to work with the programming languages of high level (fortran, Pascal, BASIC and etc.). When you turn from work with these languages to work with Mathcad then unnecessary link as programmer will not appear between specialist and computer.

The main point of zero tip of the book: even if you are acquainted with programming languages rather well it is worth to use Mathcad at least at the stage of the formation and the debugging of a mathematical model. The collective of developers that the author of the book manages developed and promote the packages of the program которым руководит автор этой книги, создал и довольно успешно продвигает на рынке пакет программ WaterSteamPro™ in the market rather successfully. This package is assigned for calculation heat-transfer properties of water and water steam (see www.wsp.ru). The final version of the package was written and compiled using the programming language Visual C++. Nothing has come of the project without prior analysis of formulas and algorithms in Mathcad.

Tip 1 Do not use assignment operator
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Figure 1
The Mathcad software package is frequently called a super-calculator because it displays a numeric answer for almost any expression containing constants, variables, operators and functions. To obtain the result you need only type «=» after the expression:
125 + a2 – sin(b) = 2.753

Of course, the variables included in this expression (a and b) should be defined as numeric values beforehand. An assignment (input) statement in the Mathcad environment is shown as «:=», and is often typed with the «:» (colon) key. Mathcad conveniently inserts the second symbol «=» itself, giving:
a: =

However, it is better to use the «=» key, rather than the «:» key, when assigning a value to a variable in a Mathcad worksheet. If the variable has not yet been defined, then Mathcad will automatically convert the «=» operator (output) to the «:=» operator (input). If the variable has been defined, then its numeric value is displayed. By using the «=» key, it is possible to determine whether or not the given variable is free; i.e. neither defined by the user nor used internally by Mathcad. This provides security against a number of potential mistakes. First, a system variable can be overwritten, for example by typing е: = 5, m: = 1, A: = 2 (е – is the base of the natural logarithm, m and A are units of length and current, respectively). Secondly, one may forget that the variable has been already assigned, and assign a new value to it. It is usually not desirable for a variable to have one value in one part of a Mathcad-worksheet and another in a later second part.
You can turn off the automatic replacement mode, when the operator «=» is replaced by «:=» (this hybrid of two operators is called a Smart Operator), by choosing Reference/General from the Tools menu, and selecting check at Context-Sensitive equal sing position.

Note. The figure 1 shows a Mathcad-worksheet in a mode when separate operators are displayed on a white background, while free space in the document is gray (View/Regions menu-position). From this point on this mode will be used to display Mathcad-worksheets if it can help clarify the tip.
Tip 2 Symbolical output instead of numerical
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Figure 2
Sometimes it is better to use the ((( operator (symbolic value output) instead of the «=» operator (numeric value output). Figure 2 illustrates three reasons for choosing symbolic output:
Example 1: the «=» operator displays up to 15 decimal places in the mantissa, whereas the ((( operator displays up to 250 decimal places. (Numeric value output instruction in the Symbolic menu allows up to 4000 points).

Example 2: the ((( operator allows exact answers by outputting all significant digits (Example 2.2), or by representing a number as a simple fraction (Example 2.4).

Example 3: the ((( operator, in conjunction with the expression k:=k (for symbolic mathematics, this frees a variable from any numeric value), displays a numeric answer that also includes symbolic constants (this result can also be obtained by simply inserting a variable after the answer, in the same manner as physical units; see Example 3.3).
The operator for symbolic calculation, «(», instead of numeric calculation, «=», can solve a task where some of the variables have no numeric value – see Fig. 2b., which shows the solution of the “chemistry-economics” task (If gold is selling for $320 per ounce, how many atoms of gold can you buy for one dollar?).
Fig. 2b. Cost of atom of gold
After inputting the initial data Mathcad highlights the $ symbol (the $ symbol is entered using Shift-Ctrl-k) in red because it is an undefined variable, with no numeric value. This is not a problem, however, if the answer is displayed on the screen using the «(» operator, instead of the «=» operator.

Tip 3 Combination of symbolical and analytical output
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Figure 3
Sometimes it is necessary to combine symbolic and numeric output operators in one expression. The figure shows three example applications:

Example 1: in an arithmetic expression it is possible to see the answer both in the form of a simple and a decimal fraction.

Example 2: when solving an equation one can see both exact and approximate, answers.
Example 3: An expression can be simplified before calculation. This operation can be performed automatically by the “Optimize” mode, but Mathcad only shows the numeric answer. In our example we once again observe both analytical and numeric answers.
Tip 4 Constants in the numerical answer
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Figure 4
Many users don’t know that the basic operator in Mathcad (see Tip 1), «=», the operator for numeric output, has two operands rather than one:
( = ((((
The Mathcad user fills in the first placeholder (operand) with an algebraic expression, and the numeric value appears in the second placeholder. The third placeholder may contain (square brackets indicate that this second operand is not necessary) any constant or variable that has been defined earlier.
Usually system variables or built-in Mathcad physical units are inserted in this placeholder:
L = 200 ◦ cm or L = 2 ◦ m
The figure 2 demonstrates another two examples:

Example 1: In the Russian cartoon «Thirty-eight parrots» the length of a Boa is measured in Parrots, Marmosets and Elephants. If to assign (to select) animal’s size, than Boa will «fit» in 38 parrots and one more parrots wing, in 5 Marmosets or in 2 Elephants. «You see, in parrots I am much longer!».
Example 2: The solution of a trigonometric equation quite often contains the number (. It is possible to place this number in the second operand of the «=» operator. This can be used to obtain the exact answer, and also to find all the answers.
PS
The above figure represents a typical fragment of a Mathcad-worksheet: a user types some text describing a variable (Time), inserts a variable (t), assigning it with a numeric value and possibly a unit (360 sec), and then displays it with the same or some other (min) units. One can pack the whole Mathcad-worksheet with such sets of three regions and solve a problem this way, as shown. This methodology is inconvenient, however, when moving fragments to a new location, because it is possible to lose regions included in the fragments. Furthermore, if after movement the output operators are arranged a little bit higher than the input operator, then the relationship of cause and effect will be broken and the error message “This variable or function is not defined above” will be displayed. (Unnumbered part of Tip: when creating a new Mathcad-worksheet it is worth placing operators in columns, with only one on a line. In the final document you may convert this so that there are a number of operators on one line of the worksheet, thus making it more compact).
Another method of calculation is shown at the bottom of the figure. A comment was written with six spaces on the end; then, at the center and at the end of this series of spaces mathematical areas (select “Math Region” from the “Insert” menu) were inserted. These mathematical areas were filled with input and output operators. In this manner, the single “conglomerate” region obtained can be dragged from place to place without any fear of losing one part. It is possible to transform the three regions at the bottom of the figure, constituting a certain fragment of the calculations, into a single region: text including six mathematical areas. Although one could try to force the whole calculation into one text region, however, such a region becomes difficult to edit so it is important to know where to stop.
The above figure represents a typical fragment of a Mathcad-worksheet: a user types some text describing a variable (Time), inserts a variable (t), assigning it with a numeric value and possibly a unit (360 sec), and then displays it with the same or some other (min) units. One can pack the whole Mathcad-worksheet with such sets of three regions and solve a problem this way, as shown. This methodology is inconvenient, however, when moving fragments to a new location, because it is possible to lose regions included in the fragments. Furthermore, if after movement the output operators are arranged a little bit higher than the input operator, then the relationship of cause and effect will be broken and the error message “This variable or function is not defined above” will be displayed. (Unnumbered part of Tip: when creating a new Mathcad-worksheet it is worth placing operators in columns, with only one on a line. In the final document you may convert this so that there are a number of operators on one line of the worksheet, thus making it more compact).
Another method of calculation is shown at the bottom of the figure. A comment was written with six spaces on the end; then, at the center and at the end of this series of spaces mathematical areas (select “Math Region” from the “Insert” menu) were inserted. These mathematical areas were filled with input and output operators. In this manner, the single “conglomerate” region obtained can be dragged from place to place without any fear of losing one part. It is possible to transform the three regions at the bottom of the figure, constituting a certain fragment of the calculations, into a single region: text including six mathematical areas. Although one could try to force the whole calculation into one text region, however, such a region becomes difficult to edit so it is important to know where to stop.

Tip 5 Typical set of three operators
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Figure 5
The above figure represents a typical fragment of a Mathcad-worksheet: a user types a some text commenting describing further actions a variable (Time), puts into calculation inserts a variable (t), assigning it with a numerical numeric value and with or without possibly a dimensionality unit (360 sec), and then «prints displays» it out and accompanies it with the same or some other (min) dimensionality units. One can pack the whole Mathcad-worksheet with such sets of three operators regions and solve a problem put by this way, as shown. But this technology methodology is inconvenient, however, for when carrying moving fragments to a new place location, because it is possible to lose operators regions included in this the fragments «on the way». Furthermore, if after movement the output operators are arranged a little bit higher than the input operator, then a relationship of cause and effect will be broken and the error message “This variable or function is not defined above” will be displayed: «This variable or function is not defined above». (Not Unnumbered piece part of Tip: when Creating a new Mathcad-worksheet it is worth to placing operators in columns, with only one on a line. In the ready final document you may proceed convert this so that there are «from a line to a surface», placing some a number of operators on one line of the worksheet, thus making it thereby more compact.).
Another technology method of calculation is displayed shown at the bottom of the figure 5: a A comment was written with six spaces on the end; then, in at the center and in at the end of this chain series of spaces mathematical areas (select “Math Region” from the “Insert” menu) there were inserted mathematical areas (Math Region instruction in the menu Insert). And these mathematical areas were filled in with input and output operators. Thus, In this manner, an the single obtained “conglomerate” region obtained can be dragged from place to place without any caution fear of losing one part. So iIt is possible to transform the three bottom operators regions at the bottom of the figure, constituting a certain semantic fragment of the calculations, into a single operator region: text including six mathematical areas. Although one may could try to «push»force the whole calculation into one commentary text region, however, but such a operator region becomes difficult to edit so: it is necessary important to know where to stop.
Tip 6 Test of data input
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Figure 6
Very frequently variables in computation have a limited range of reasonable values. In this case it is expedient to test correctness of entered value. The figure «asks» user to assign variable t with a value of room temperature. Let us assume that it can not be less than minus 20 degrees Celsius (at this point addition statement is functioning as logic addition: AND) and more than 40 degrees Celsius (units of measurement – are accepted by default in this example). And if the user makes an intentional or an accidental mistake, then variable t takes a string value and blocks further numerical computations. (Expression containing function if can be enclosed in collapsing frameworks in order to protect user from embarrassment.)

Tip 7 Input of a bulky matrix with standard elements
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Figure 7
To put into calculation a vector or a matrix the Mathcad users usually resort to the instruction Matrix… in the menu Insert (or press button with the matrix image). This technique displays a number of disadvantages. First, in this case the size of a matrix is bounded by the value of 100 elements, while any matrix can keep up to 8 millions elements in Mathcad. Many users solve this problem by creating several matrices and «gluing» them together into a large one using stack and/or augment operators. The second disadvantage is in that all elements of a matrix defined through the Matrix instruction are unfilled. In this case matrix elements have to be inserted manually. And maybe this is a reason for a limitation of 100 elements, which can be inserted manually yet.

Solution of this problem is shown in the figure: a matrix containing any standard element (we have set it as 1.0) is automatically created and displayed. This matrix can be of any size. Then it is copied to the right operand of the assignment statement and subsequently edited. (We have assumed here, that the matrix elements – are numbers ranged from 1 to 2. We should not type units and points manually – it is sufficient to edit zeroes. Through the use of function Matrix it becomes possible to record various numbers in such semi-finished matrix). (Not numbered piece of Tip. It is better to insert such matrices into a Mathcad-worksheet by introducing a table from Excel.)
Tip 8 Output of a bulky matrix
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Figure 8
There may appear some difficulties not only at input of a bulky matrix (see a piece of Tip 7), but also at displaying its elements. By default there is displayed only upper left corner of a bulky matrix in the form of a table. Its sidehead keeps line numbers and headline keeps column numbers. A matrix which is not entirely displayed has vertical and horizontal scrolling regions with a runner to the right and at the bottom of a table. To look through the whole matrix one should move the runner. (Scrolling technology). Another possibility – output of a bulky matrix not in the form of a table but in the form of a matrix. In this case you can look through it by scrolling the Mathcad-worksheet window itself.

And if a bulky matrix has to be printed out (unfortunately, a sheet of paper has not scrolling regions), then we can recommend to print this matrix-table several times, having preliminarily displayed its separate regions with the help of the runner (see the figure).

Tip 9 Do not pass multiplication sign
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Figure 9
Beginning with the 7-th version the Mathcad environment does not strictly require a multiplication sign to multiply a constant by a variable. This method seemingly brings Mathcad-worksheets more closer to documents written in handwriting: 2 а, not 2 ( а, 5 kg, not 5 ( kg and so on.
But here are three reasons against this technique that runs counter to the programmer tradition to put a multiplication sign (asterisk) between two factors: 2 * а, 5 * kg and so on.

Firstly; speaking about numerical rather than symbolical mathematics of Mathcad, design 2 ( а is more or less clear: two is multiplied by variable a. And expression 2 a carries (at least, superficially) some ambiguity: this is both the product of 2 by a and a postfix operator named a, which operand is a constant (two). 

Secondly; the behavior of expression 2 a is not known in the case when this construction is applied in symbolical mathematics.
The figure illustrates the third «contra» argument. If two is reduced by unit, then it should remain unit, but by no means two and furthermore with minus? The answer has appeared to be evident, but this simplicity is, indeed, «worth than larceny». The point is that not unit is subtracted from two, but two is multiplied by minus unit in the given example. This service of Mathcad (programmer does not have to enter a multiplication sign) has turned out to be an ill turn (involuntary pun). There is another ambiguity: what is k a – is that variable k, multiplied by variable a, or is that a variable, with a name of three symbols, where the second one is a space.

Tip 10 Global assignment at the system solution
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Figure 10
The Mathcad environment offers the built-in function Find for solution of the system of algebraic equations and inequalities. A system is commonly solved this way: the first approximation to the system is being set with the help of assignment statements «:=». Then the key word Given is being written, a system of equations and/or inequalities is being set (it is not allowed to use only Boolean operator «(») and, at last, function Find is being called. This function returns values of its arguments, converting a system of equations into a system of identities. The answer is presented as a column-vector. Besides, in a number of cases in order to solve the system the standard values of built-in variables TOL and CTOL should be changed. These variables influence on the accuracy of calculations. Very often this technique requires successive approximations to the right answer (and there may take place not only one approximation). In this situation it is advisable to change the above-mentioned sequence of operators (but not sequence of their satisfaction) and to use the successive approximation technique, described in a piece of Tip ?. This technique implies that the first approximation is «omitted» by means of «(» operator, and other initial settings are placed more closer to the answer. If the system is bulky and display can not find room for it then the shown sequence of operators will obviate the necessity for scrolling a Mathcad-worksheet to adjust input data and to browse the answer. (Note. The described successive approximation technique is impossible to be automated through programming since the key word Given is not inserted into the program body).

Tip 11 Superfluous brackets
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Figure 11
Many Mathcad functions have a vector or a matrix (array) as their argument. Vectors and matrices represent a collection of scalar values contoured with brackets. On the other hand, brackets also are an attribute of the function call operation. This feature leads to appearance of double brackets at the conventional call of a function with a row-vector argument (see the first operator in the figure). Double brackets can embarrass a user who may try to remove a «superfluous» pare of brackets not understanding a reason why it is impossible. The way out – lies in the call of a «matrix» function in the form of a prefix operator, which operand does not need a «brackets’» design (the second operator in the figure).

Tip 12 Set of three Boolean functions
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Figure 12
The Mathcad environment does not present built-in Boolean (logic) functions And and Or, which are an integral part of all programming languages and which support implementation of all sorts of logic constructions, cycles and alternatives. And what is to be done here!? Firstly, it is necessary to recollect, that «logic AND» and «logic OR» have also such names as «logic multiplication» and «logic addition»: the given functions are realized through customary multiplication and addition operators (see item 1 in the figure).
Secondly, logic And and logic OR functions can be defined (see item 2 in the figure). In so doing there can be defined any quantity of Boolean arguments – that is elements of associated vectors of multiplication and addition operators. (Not numbered piece of Tip. It is possible to define two pairs of functions with various names И-And – ИЛИ-Or to satisfy both Slavophiles and Westerners.)

Thirdly, the Mathcad environment already has built-in functions that are well suited for logic tasks, – they are min and max (see item 3 in the figure). Moreover, they are also convenient for the following reasons:
· It is not necessary to «litter» a Mathcad-worksheet with supplementary built-in functions AND – OR;
· Functions min and max accept both matrix, column-vector and row-vector arguments;
· Functions min and max accept not only Boolean expressions (yes – no, 1 – 0) as their arguments (array elements), but also real expressions, varying smoothly from zero to unit. Thus it is possible to operate not only with precise but also with fuzzy logic.
Tip 13 The built-in function redefinition
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Figure 13
Mathcad offers user an opportunity of renaming and even redefinition of built-in functions. Renaming seems more or less intelligible (the old substance in the new frame): a new user function is being defined which is completely or partially coincident with one of the built-in functions. What is the reason for that? Items 1 and 2 of the figure illustrate two examples of the built-in function renaming. First, it is possible to replace a short English name of the function with a more integrated national one (item 1). We obtain a certain hybrid of a function name and a comment. Renamed function in item 1 is being called as a prefix operator (fx), that makes possible to get rid of brackets and to make the name-comment absolutely natural. This effect is also aided by three spaces in a new function name (see a piece of Tip 14).
The opposite object is being achieved in item 2: the built-in function name (augment ( the «horizontal» confluence of two matrices) is abbreviated to one symbol. It allows drastic reduction of the program size because this program use the renamed function repeatedly.
Item 3 demonstrates redefinition (the old substance in the new frame) of the built-in function stack to visualize its essence. Function augment, as noted above, accomplishes the «horizontal» confluence of two matrices – its arguments are positioned also «horizontally». Function stack is dedicated to the «vertical» confluence of two matrices but its arguments are positioned still horizontally. Redefinition of function stack – replacement of two arguments by one column-vector with two elements – restores «geometrical» logic of two functions for matrix confluence described above.

Tip 14 Special symbols in the name of variables and functions
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Figure 14
The most significant distinction between the Mathcad variable names and their analogues in conventional programming languages is that variable names in Mathcad allow Greek letters and subscripts.
Programming environments always place certain restrictions on the variable (function) name. As compared to conventional languages Mathcad has less restrictions: the variable name in Mathcad can include Greek letters (Cyrillic letters deserve particular investigation – see a piece of Tip ?) and subscripts. All these peculiarities of Mathcad enable names assigned to different variables long ago in mathematics ((, for instance), physics, chemistry etc. On the other hand, Mathcad-variables have, in a manner of speaking, a bad «heredity» preventing the variable name from insertion of some symbols: «$», «&», «?» etc. The point is that these and other symbols (keyboard keys) are loaded with a purpose of input in a Mathcad-worksheet of sum operators («$»), integration operators («&»), differentiation («?»), product («#») etc. But, if you are eager for that, it is possible to enter special symbols and spaces into a name of user’s function. And, moreover, Mathcad permits such «wild» name of a variable as a space or a chain of spaces.
This technique of the restriction removal from the variable (function) names has its own history. Tip ? recommends to use string variables – series of symbols framed by inverted commas – for comments of the Mathcad-program operators. Such series may include spaces and other symbols («$», «?», «&» and so on). Sometimes when editing such Mathcad-program there may happen «a glitch», that will result in a loss of inverted commas by string constants. Constants will «turn red» indicating an error situation. But every cloud has a silver lining – it is possible to take advantage of this situation (transformation of a string constant into the variable name), and that is described in the figure. The «ablush» series of symbols should be copied and subsequently utilized as a name of a variable or a function. The story is to be continued in the next piece of Tip.

Tip 15. Enumerated variable names
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Figure 15
Previous piece of Tip shows how to lift some restrictions from the Mathcad variable names – for example, how to insert special symbols and spaces into a name. But some restrictions on the variable names still remain. In particular, it is impossible to start a name with a number. But… It is meant an Arabic number (by default).And there also exist Roman numbers apart from Arabic ones. The figure illustrates solution of a conventional linear programming task: a furniture factory can produce two models of chairs at the cost of 70 US dollars and 12 Euro. On this order human and material resources are allocated. Besides, quantity of boards, cloth and time for producing of each chair is known:
	Chair
	Board consumption, meters
	Cloth consumption, square meters
	Time consumption, man-hours

	The first model
	2
	0.5
	2

	The second model
	4
	0.25
	2.5

	Resources
	440
	65
	320


The question is to project manufacture of chairs so that their cost is highest possible.
There are two unknown variables in this task which are enumerated and have special symbols within their names (minus sign and space): I-st chair and II-nd chair. Special symbols are also applied for user units of measurement: physical (length and area), financial (US dollars and European currency), calculating (pieces) and mixed (man-hours). American currency unit is put into calculation on the principle «Time is money»: the given calculations does not use a physical quantity «time» and it can be temporarily «loaded» with another duty. Certainly, it is easier to write down: $US := 1, and pieces := 1 (our pieces are «attached» to gram-molecules, which are also not equipped at the given calculations), but it is fraught with such a mistake:
$US + pieces = 2
There should appear not a numerical answer (two), but an error message «Incompatible dimensions».
Physical and other quantities are used in the described calculation not only for making it more «readable» but also for the dimension conformity control in the inserted formulas.
Tip 16

Tip 17

Tip 18. Once more about special symbols in the variable names
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Figure 18
Authors have published their technique of insertion spaces and special symbols into the variable names, described in the previous piece of Tip, on the Collaboratory site (http://webserve.mathsoft.com/mathcad/collab) of Mathsoft (Mathcad designer firm). That was quite intriguing: 
I have spaces in var-name := 10
Can you do it? := 2
I have spaces in var-name + Can you do it? = 12
There were two kinds of responses to this quiz:
a) How do you contrive to do that?
b) I have been inserted special symbols into the variable names for a long time, but I did not know, that it is possible to enter spaces too.
The second response leans upon the fact, that one may use special chord (Shift+Ctrl+k) for names of functions and variables to block the Mathcad system perception of special symbols (space, $ and so on) as instructions (the name envelopment with cursor) or operators (sum, differential and so on). The figure displays definition of the variable with two spaces and «$» symbol within its name (Cost in $US). And the second variable with a space inside (Russian ruble) is obtained by editing the first one. It is impossible to insert spaces and special symbols at editing. To do that the above mentioned chord is required.

Tip 19. The invisible function and function-werewolf
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Figure 19
The previous piece of Tip recommends to write down not Arabic (it is impossible) but Roman numbers starting the variable name to enumerate variables.
But many people can count Roman only up to twelve (lets recollect clock-dial). The figure shows the function of Arabic to Roman numbers conversion. (We face Roman numbers very frequently, keeping financial payments: amount of money – is an Arabic number, and its cash fragmentation – a Roman one. Our program will prove useful to the automatic teller operation, for example).
But it is not the very purpose to cite this program. The object is to give the reader another piece of Tip.
A lot of Mathcad built-in functions and operators have their inverse analogues: sin ( arcsin, еx ( ln(x), differentiation – integration etc. Producing a pare of user functions (direct – inverse), one may act in a such way: produce the first function, and define the second (inverse) function employing the first one. If the function has a real argument then the task is reduced to the equation root search, and if argument is integer, the task may be solved through selection.
Apotheosis of the technique of insertion special symbols and spaces into the variable names – is a user variable or function, with a name of single space. The question is, what can this variable or function give a user except a headache.
The figure illustrates operation of such anonymous function. This function returns a Roman number, if its argument is an Arabic one, and, vice versa, it returns an Arabic number, if its argument is a Roman one. Single function incorporates both direct and inverse algorithms. The given function determines the direction of conversion identifying argument’s type. If it is of string type (if IsString – see the figure), then Arabic number is searched, otherwise (otherwise) – a Roman one.
The anonymous function allows not only recalculation without overloading a Mathcad-worksheet with unnecessary words and symbols ("XXV" =25 is clear without any comments), but also simulation of calculations (subtraction, root extraction, sine computation) with Roman numbers (see the end of the figure). The focus is that our function is called not conventionally, but in the form of prefix and postfix operators: there are no brackets framing an argument, and the symbol of operator itself is invisible. Thus it leads to the absolute illusion of Mathcad’s ability to operate with Roman numbers without any supplementary tools – operators and functions.
There follow some pieces of Tip from the figure:
1.
Sometimes it is expedient to give an invisible name to an object of a Mathcad-worksheet. There can be a space or a chain of spaces.
2.
In specific cases it is expedient to combine direct and inverse calculation algorithms into a single function. The reason is that these algorithms may have the same base (our pairs of Roman and Arabic numbers, for example).
3.
The function displayed in the figure can appear useful for a partial encryption of messages. For instance, you may send such a message to your trade agent: «Minimum price is MM, and maximum – MMCD». If you apprehend that the competitor, you protect the message by encryption, is acquainted with Roman numbers, then another pair of numbers may fit: Arabic numbers are, for example, Fibonacci numbers, (1, 2, 3, 5, 8, 13 and so on indefinitely), and their Roman analogues –are their serial numbers («1», «2», 3», «4», «5», «6» and so on indefinitely).
Tip 20. Adding superfluous brackets

[image: image59.png]


 [image: image60.png]



Figure 20
The reader has likely already noticed that some pieces of Tip in the book interfere each other. The Tip 11 has recommendations to exclude superfluous brackets from Mathcad-expressions. And now we will discuss insertion of auxiliary brackets.
The 1-st item in the figure once more time notes that the Mathcad environment, as well as all other programming environments and mathematics on the whole, value involution operator «superior» to multiplication operator, which in its turn, is valued «superior» to addition operator. These brackets once again accentuate the given hierarchy of operators, which can be familiar not to everyone (see example 2 in the figure, a piece of Tip ?).
Item 2 by means of function (treelike operator) augment simulates a reshuffled pack of cards – a row-vector with 52 elements (cards). In the pack simulating «tree» brackets look far from superfluous (compare items 2.1 and 2.2).
In the 3-rd item a Boolean function Verdict is formed, which returns results of voting (the participant votes (1 – pro, 0 – contra) are stored in a vector-argument X): verdict is approved when more than two thirds of voters vote «pro» (function mean returns an arithmetic mean of the array elements). Brackets here also stress an algorithm of function operation and the satisfaction sequence of operators «>» and «:=».
Tip 21. The variable dimension control
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Figure 21
Sometimes user of the finished Mathcad-document has to input not a simple value of the input variable, but a value with a fixed dimension of a physical quantity. Input of a dimensionless quantity or a quantity with another dimension should result in an emergency halt of the Mathcad-worksheet execution. Such scenario is realized by operators of the figure: user should set a length into the variable d, i.e. he should set a constant multiplied by either a built-in or user unit of length. An input dimension is checked as follows: variable d (it deserves an individual examination) is firstly raised by and immediately reduced by a unit meter (m). The value of the variable d does not suffer any variations but, in the case that the length is added by anything else, there occurs an error. The focus of the displayed Mathcad-worksheet is in that it contains two different variables of the same name d (it is feasible in the Mathcad environment – see a piece of Tip ?.?.). To avoid possible muddle one may give another name to the second variable – D, for example.
Tip 22. Graphical solution of the linear programming task
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Figure 22
Mathcad-worksheet in the figure of a piece of Tip 15 solves the linear programming task. Many mathematical program packages (Maple V, for instance) offer graphic facilities for visualization of a such task: a plane polygon is constructed edging the feasible solution area of the task.
The Mathcad environment does not offer special visualization facilities for solution of the linear programming task. But with a certain skill this problem is solvable by means of a conventional Cartesian diagram – see the figure. The essence of the problem is described in a piece of Tip 15.
To solve the linear programming task graphically there are defined two functions Constr (Constraints) and ЦФ (criterion function, Russian ‘Целевая Функция’) with one argument Chair1 (quantity of chairs of the first model
[1]). Application of symbolical mathematics at the function output is dictated rather not by needs of inequality solution (solve) – that is easy manually, it serves for the graphical solution essence illustration: straight line of the of criterion function slides upwards (animation of Mathcad is very pertinent here) – solution will be achieved at the moment when the straight line «takes leave» of a polygon. The graphical solution in question both suits for an integer task (a polygonal line is substituted by a chain of points) and for a nonlinear task (line segments are replaced with portions of a curve: convex or concave).
Tip 23. Color Cartesian diagram

[image: image67.png]


 [image: image68.png]



Figure 23
The given piece of Tip extends the subject of the Mathcad non-typical graphics, started in the previous piece of Tip.
Mathcad (as well as, however, almost all mathematical packages) offers the three-dimensional diagram coloring facilities: for example, surface vertexes can be colored more «warmly» while a concave remains more «cold». Unfortunately, this principle cannot be applied to a two-dimensional diagram. But if something impossible is very desirable, then it becomes possible. The figure exhibits a single argument function diagram, so that – see comments to the right of the diagram. Unfortunately, this book is not colored, but the reader can trust the author, that this line on the diagram is displayed with all rainbow hues. The trick of this figure lies in that it presents not a Cartesian diagram but a colored surface, turned to a spectator in a special way (with one «side»). It is worth to hide operators and the forming matrix М, which elements – are values of the function under analysis, by locking up an appropriate area (see the top of the figure). This operation produces an absolute illusion of a colored Cartesian diagram.

(It is expedient to «pull» operators, the forming user function y(x) and diversity limits of the diagram (x нач-x кон) up to the diagram. Operator «(» (global assignment) proves useful here, it spreads its influence not only downwards (that is executed by operator «:=» («semi-global» assignment) but also upwards).
Tip 24. Graphical solution of the set of two algebraic equations
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Figure 24
To solve the problem of this piece of Tip heading one should graph two Cartesian diagrams and verify a point of their intersection. But this task may appear arduous for systems are not consistently represented in a suitable for graphing form: y1(x):=…, y2(x):= …. Equation sets are generally assigned in a different way – f1(x, y)=0, f2(x, y)=0 – variables in this notation are very seldom dividable to reduce this task to a straightforward one:

	x + y = 5
	 
	y1(x):= 5 – x

	 
	(
	 

	y = x2
	 
	y2(x):= x2


The figure depicts this problem solution: matrix M is filled up by means of two loops with a parameter (x value and y value). The matrix elements display status of equations on the x-y plane: if selection of x and y values shows any expression to reverse its sign in the given point, then corresponding element of matrix M takes the value unit, and zero – otherwise. We are scanning the diagram area as though as «popping up» (oscillographing – on the level line diagram) our curves (at the center of Bernoulli lemniscate («entwined with ribbons»). How long will this «scanning» take – this is another question. Constant 300 allows compromise settlement between speed of the diagram construction and its quality.
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If the reader will correct translation and will send the improved text to the author (ochkov@twt.mpei.ac.ru), the author will tell a thank.

Tip 25. Radar- diagram
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Fig 25. Radar-diagram

For visualization of tabular data it is convenient to use special type of business-graphic
[1] – radar-diagram: rays are drown for the center, on which marks are made that. The marks are situated within range from the center, which is proportional to the elements of traced vector; then the marks are drawn by straight lines. We get the polygon, which square and form reflects properties of some object, process or phenomenon.

The results of visualization of the data, which keep in the matrix М, via radar-diagram are showed in the fig. 25. The main point of the problem: nine experts are invited for some ten qualities rating of one or another object. They are able to estimate from 2 (unsatisfactory) till 5 (excellent mark). On the radar-diagram (but it is nothing but polar graph of Mathcad) the regular polygon is mean mark, which was put down by the experts but the irregular polygon is mean mark for separate qualities: one can see at once where weak «strong» places of the test object using the vertex deviation of the irregular polygon.

It is possible to draw pay-diagram in Mathcad that will reflect the elements of the vector, which sum of values equals 100%. Is it worth to do it? You know that data form Mathcad can be exported to Excel, for example, where there are tools for construction of pay-diagram, radar-diagram and other types of graphs. It is possible to insert a fragment of Excel in Mathcad-document (or Axum – package, which was specially developed for enlargement of graphical possibilities of Mathcad
[2]), which is meant for reflection of marked graphic. But we have to remember that when we port the Mathcad-document with such graphics to another computer it will not work if there are no corresponding applications.

Tip 26. Begin with a symbol but finish by a number 
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Fig. 26. Begin with a symbol but finish by a number

In tip 24 we try to solve the system of algebraic equations using diagram method – we have defined the domain of existence of real roots of the system, we have found the values of the unknowns for first approximation for search of the solution using numerical method that will be done in tip 44. But it is possible and necessary to try to put in a «symbol» in the line «graph – number». The main point of the tip is the following. It is worth to apply tools of symbolic mathematics of Mathcad for solution a problem before using numerical method. Analytic solution of our system of two nonlinear algebraic equations (see tip 24) with the help of Mathcad-operators solve and float is showed in the fig. 26. (Here we use not one operator solve but the couple solve – float as since one operator solve often gives either very bulky answer or nothing). All 24 roots are found but for of them (1, 6, 19 and 22
[1]) are real ones. They are reflected on the graph in tip 24.

Only five signs in fixed point part (see the key float, 5) are outputted in the answer in the fig. 26. By default (without the key float) 20 signs are outputted but their maximum quantity is 250. (The command of the same name from the menu Symbolic (the command Solve on Variable) can give up to 4 000 signs in fixed point part. However the command works only with the equations but not with the systems of equations.) 

The roots can be outputted in the form of decimal fraction with floating point (0.043778) but not in the «scientific» form (4.3778(10-2), if we enclose the expression in the fig. 26 by cursor and press the key «=». After this it is possible to format corresponding way already «numerical» answer (see also tip 3).

Tip 27. Trust but verify
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Fig. 27. Trust but verify

Certainly this tip concerns not only to Mathcad but also to all software for solution of mathematical problems. So if you get an answer, don’t be lazy to verify it. The roots of our system (see tip 24 and tip 26) are substituted in the initial equations in the fig. 27. For it the matrix with the roots from Mathcad-document, which illustrates tip 26, is put down in the variable Roots. Then the pairs of values from lines of the matrix Roots are carried to the variables x and y. In their turns they are substituted in left parts of the algebraic equations of the test system. It is possible to predetermine about quality of the solution using the analysis of residual (it equals 5.627.10-4 for six root).

 

Нет 28 совета
Tip 29. Flat graph in (two ticks(
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Fig. 29. Flat graph in (two ticks(
Here is the general (three-sweep( technology of construction of a graph in Cartesian coordinates in Mathcad (see the upper part of the fig. 29):

( first step: the appearance of analyzable function is given;

( second step: the range variable is introduced (Range Variable – in our case it is x), which assigns the graph scattering by the axis of ordinates (x start and x end) and number of points on it (not number of points but the interval between them is assigned);

( third step: we give a command to construct the graph, which we can format if it is necessary; for it we call corresponding dialogue windows; the size of the graph is changed with the help of transport of its contour (general (window( technology in Windows).

Starting with 7-th version and upper in Mathcad it is allowable quick (Quick Graph – see the second graph in the fig. 29) technology of construction of (flat( graphs (in Cartesian and in polar coordinates):

( first step: see above; by the way it is possible not to give the analyzable function as the user’s function – it is enough to write it near axis y (it is done on the second graph in the fig. 29)

( second step: we give a command to construct the graph; here some more defaults appear: the graph is constructed in the following range from -10 till 10
[1] by the variable number of points, which depends on the size of the graph; as rule, the second default (number of points) meets user’s wishes (here the compromise between quality of the graph and speed of its construction is kept up). User has a right to break the second default (graph scattering) and to give the other range of argument scattering if he changes the numbers at the ends of the axis x.

The second technology has one more advantage (the main point of the Tip): the variable arg are free from some numerical value, which later on can confuse, for example, analytical (symbolic) solution of the problem. (Continuation of the theme in Tips 65 and 73.)

Apart construction of a graph with prior marking of the argument (three-sweep technology) has the following advantage: the graph, which is construct with the help of two-sweep technology, is badly drawn in Mathcad Explorer
[2] (the range is divided on low number of points and the graph is broken line).

Tip 30. Commentaries in Mathcad-program
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Fig. 30. Commentaries in Mathcad-program

This and some next Tips (see Tip 35, Tip 36, Tip 37, Tip 69 and others) will be illustrated by simple program
[3], which forms user’s function with the name V that returns volume of regular (right) cone and that has two arguments: diameter of its base (d) and length of its generatrix (l
[4]).

Programming language Mathcad does not have special tools (operators) for commentation of programs. It is considered that one or another operators of a program can be commented by placed right (or around) the program textual insertions (see point 1 in the fig. 30). Sometimes it is difficult to place the commentary in necessary place, i.e. exactly near operators because of possible difference in prints of formulas and textual insertions.

We have already marked the inconvenience of such technology Tip 5: when you carry over the group of operators it is possible to lose something.

It is possible to insert the commentaries in programs as separate operators – textual constants (first line of the program in point 2 in the fig. 30). But it is possible to do the other way (see 2-3 lines): in the program to write row vector with two elements. The first element is commentary but the second one is the operator of the program
[5].

The commentation by the matrix, which first element is a textual constant has one essential defect: the function stops working with dimensional arguments because of an array of Mathcad can not keep values of «different» dimensions. One more defect is the impossibility of spell checking of the commentaries. In this case we can advise to do the following: to write the commentaries in Word, for example, and then to carry them in Mathcad.

Remark. For it would be possible to write the commentaries (textual constants) using Russian print (Cyrillic) it is necessary to attach the print, which works with Russian letters to the constants (Constants – see the upper part of the fig. 30).

Tip 31. Commentaries in the form of assignment operator
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Fig. 31. Commentaries in the form of assignment operator

The commentation methods of Mathcad-programs that we have illustrated in Tip 30 do not describe in the documentation and in Нelp of Mathcad. That’s why they can not be considered as illegal ones – it is not known how the hollow textual constants will behave in future versions of Mathcad. As since developers far from always provide complete compatibility of versions with respect to even documentary methods. Reasoning from this, as well taking into account the fact that there are no textual constants in Mathcad PLUS 6.0 (but programming in Mathcad
[6] began starting exactly with this version) it is possible to recommend the legal method of program commentation (see fig. 31): we assign something the variable Rem (in our case it is zero) out of the program, then we assign (something( the variable inside the program, which name is commentary. If you wish it is possible to insert gaps in the name (see Tip 14) – in our case (down( dash is used instead of them.

Fig. 31 with variable-remarks prompts more natural, legal and documentary method for program commentation – use of long speaker names of the variables and of the user’s functions. It should be removed «primitive» commentaries in the fig. 31, but using the command Replace
[7] from menu Edit it is necessary to change V to Cone_volume, d to Cone_diameter and etc.

Tip 32. (Linguistic( commentaries of Mathcad-programs
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Fig. 32. Linguistic comments in Mathcad

In Tip 31 we recommend to comment the operators of Mathcad-program by setting remarks in form, which is accepted in the programming language BASIC. Indeed in the programming language the key word Rem is placed at the beginning but not at the end of the commentary:

Rem is commentary

Followers of the other programming languages can vest Mathcad-commentaries with the other forms that are showed in the fig. 32. At that if you make use in addition Tip34, then you can «mask» Mathcad-program one of traditional programming language.

Tip 33. A few operators on one line of Mathcad-program
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Fig. 33. A few operators on one line of Mathcad-program

We have recommended placing operators in column when you write Mathcad-documents in Tip 5. Such order you’ll obtain if you press the key Enter after input of every operator. When you have input the finished notional fragment it is expedient to place some operators on one line for the Mathcad-document will be more compact. Such organization of the operators is recommended by the documentation of Mathcad and almost all figures of the book have been designed corresponding method.

If you really want you can give the (second change( Mathcad-program, which operators will be executed not only top-down but also from left to right. There is the key Add Line in the programming toolbar of Mathcad but there is not the key for addition empty space for new operator on the line. However it is possible to do using the other tools.

To add new operator on the right to the operator on program line in Mathcad 7 Pro (see the first function with the name Min_3_С_mc7 in the fig. 33) it is necessary to cover the first operator by cursor (not part of the operator but the complete one!) and to press the key (,(. After this comma and placeholder appear on the right of registered operator where new operator is inserted. Everything would be perfect if there was possibility to write enough extensional program, which occupied on one screen of a display, one standard paper А4
[8] (see Tip 79). But Mathcad 8 Pro appeared and it turned out that (two-dimensional( program, which keeps two and more operators on one line divided by commas, does not work in new version of Mathcad. It stresses once more that two and more operators are the undocumented method, which can give the bug at any moment. Capacity for work rebuilds if we turn into one dimension: to leave one operator on every line (to insert new lines in the program and to carry there (odd( string operators
[9]).

But writing down a few operators on one program line is still very alluring method. Such programs can be tried to save and to make them working in Mathcad 8 Pro and 2000 Pro. If we delete commas between the string operators (to place cursor near comma and press the key Del or BackSpace) then comma will disappear but the adjacent operators will be enclosed in brackets and the program will work. It is possible to delete originated brackets during resuscitation of the program (see the second function with the name min_3_C_mc8 in the fig. 33) but it is possible to keep
[10] them. At that it is necessary to remember that a few operators are the undocumented method. Two or three operators on one line are delayed-action mine, which is ready (to burst( at any moment. (Indeed, in Mathcad there are ( documentary( mines. Very often even quite simple Mathcad-document, which is written following all the rules, stops working and requires the update if you carry over it to new version. The author has a number of programs, which kernel is solution of the systems of nonlinear algebraic equations. The block Given-Find works excellently in the fifth version of Mathcad but gives error massage instead of the answer in the sixth version. Unfortunately such troubles exist quite often on changeover new version of Mathcad: (Better thing is enemy of good (: see Tip 62.)

It is possible to turn two lines with single operators to one line with two operators the following way: upper operator is covered by cursor

	a ( 1(
b ( 2

c ( a + b


and the key Del is pressed. It leads the following result:

	A ( 1   b ( 2

C ( a + b


Then we can cover by cursor the operator b ( 2 and press the key Del. This way we get the line with three operators. There is nothing special in these operations: two lines (two indentions) are turned to one line (to one indention) by the set of cursor at the end of a line and press the key Del in the environment of any textual editor.

But we repeat that if reader sees Mathcad-program, where there are a few operators on one line, in this or the other book or magazine, he has to take it as ( shrink-wrapped( program. It should be (unarchived( before input it for the avoidance of possible mistakes – to place one operator on one line.

Existence of a few operators on one line is the cause of one more trouble. We look through the following «horizontal» program:

A := a ( 2   b ( 3   c ( 4

It is asked what value the variable A will be equaled after execution of the program. In the theory it is four: Mathcad-program has to return the last value, which it operates (с ( 4). But it is not so. The variable A will equal twenty-four – it is production of the numbers, which appear on the given program line. In Mathcad 7 Pro the value of the variable A, which is returned by our program equals four that corresponds to logic of our program. Here is the compatibility of the versions! The compiler of Mathcad 8 Pro and 2000 Pro suggests that the gaps between operators are missing multiplication signs (see Tip 9). The program returns right answer if it is (given back the vertical line( or even the last operator с ( 4 is written on separate line.

Hence we have the following summary: if reader takes the risk of writing a few operators on one program line in Mathcad then he has to remember, in the first place, that it is undocumented method and, in the second place, that the last string of the program (or operand of the operator return) has to have only one operator.

One more method for placing a few operators on one program line is described in Tip 30 – the embedding of a matrix with one line, which elements are the operators of the program. Both the first and the second methods have the limitations not to mention that they are undocumented methods of programming.

The programming language Mathcad is (young( enough. Many programming languages (BASIC, fortran and etc.) in their earlier versions allowed only on operator on a line. Then ((at a mature age() this limitation was removed for a programmer can decide himself if to write a few operators on one line or only one. We’ll hope that the key Add Line will be supplement with the key Add Operator on the programming toolbar and above mentioned method, which makes more compact programs will become legal one in new versions of Mathcad.

One more remark (warning). As we have said above Mathcad 2000 Pro understands a few operators on one line as product
[11]. That’s why it is impossible to work with a few operators on one line if one of them has the other type (all operators are numbers but one of them is text, for example). Execution of such program will be interrupted by error message.

Tip 34. Imitation of traditional programming languages in Mathcad
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Fig. 34. Imitation of traditional programming languages in Mathcad

Many Mathcad users, with experience in conventional programming languages, find the «multi-stored» technique of formula recording quite natural outside the program body, and rather «wild» within the program. Such users have gotten used to the text («one-stored», single-level) formula recording technique of other languages. To placate old habits (which are, as is known – second nature), and to make programs more compact, one may remember the technique of redefining and renaming built-in function described in Tip 20. It is also possible to redefine Mathcad’s basic built-in operators. For greater program compactness and for further indulgence to the users habits the «multi-stored» Mathcad operators can be recorded like «single-stored» ones: integration, differentiation, summation, product
[12] etc. In the figure, the function V returns the value of the cone volume using «basic-like» operators and functions (sqr, «^» and so on). The Mathcad way to formulate the function V is presented on the figure for Tip 30. For this Tip, functions with non-standard names (+, -, *, /, ^, и **
[13]) are created by means of the technology of the non-standard symbol insertion, described in Tips 14 and 16. (Editing by Thomas Porritt tporritt@tesoropetroleum.com)

Tip 35. Operators in program free mode
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Fig. 35. Operators in program free mode

Before to write a program it is desirable (to reconnoiter( the operators included in it outside of the program. In the point 1 in the fig. 35 the operators are written with the help of which the volume of our cone is calculated using measured parameters – diameter of its base and length of its generatrix. In the point 2 the given operators are gathered in the program, where the variables r, S and h are already local ones and they are inaccessible for control (they will be inaccessible if you do not become familiar with Tip 36).

If a loop is put in a program (for the sake of loops we use the programming Mathcad very often) then we can try to realize it by step-by-step approach outside of the program. The features of realization of it are described in Tip 53.

Tip 36. Output of values of all local variables of a program
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Fig. 36. Output of values of all local variables of a program

By the time of debugging it is worth to add a program so that it will return values of all variables, which are used in calculation. In the fig. 36 the matrix is written on the last line of the program, which first column is commentaries, but the second one is local variables of the program devoid of their dimension (corresponding unit is written in commentaries). We have to do it as since the elements of the matrix can not have different dimensions (see also Tip 30 and Tip 45). It is possible to remove the matrix after debugging of the program and instead of it to write the local variable V for the sake of which we wrote the program. Also it is possible to come back to the program, which we have considered in Tip 35 (to the program without the local variable V). But it is possible to set one more function – Volume (see the end of fig. 36), which will «exclude» necessary line or necessary element of the matrix from the function V.

Tip 37. Break points in Mathcad-program
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Fig. 37. Break points in Mathcad-program

One of the effective methods of debugging is BreakPoint. It is prescheduled breaking of the execution of a program by break points. Such debugging tool equips many «modern» tools of programming.

The construction return…if… is inserted in the function V
[14] three times in the fig. 37. It returns (return) value of a local variable if (if) user set break point (the third, additional argument of the debugging function V; it is possible not to introduce the argument, but simply to write ВР:=1, ВР:=2 and etc. before call the function). When we change the values of the variable ВР we can make the function V to return values of its local variables by turns not all at once as in the fig. 36. When we «move» break point along
[15] the program then it will be possible to localize an error if it has crept into the program. After debugging of the program you can remove debugging operators and debugging argument. But if you set the values of the argument unequal 1, 2 or 3 when you call the function BP then you will be able to keep everything as is.

Tip 38. Universal loop in Mathcad
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Fig. 38. Universal loop in Mathcad

It is possible to dispute about if the alternative is the main or the subsidiary structural directive construction (see Tip 39). But the loop with precheck is more (mainstream( than the loop with postcheck. It is the fact in – there is the loop while (at first it checks and only then it executes) but there is not the loop repeat (terminology of Pascal – at first it executes and only then it checks). The operators of the loop body while can execute not once whereas the operators of the loop body repeat have to execute at the list once. But loop exit is able to be situated not only in its (head( (the loop while) not only in its «feet( (the loop repeat) but also in the middle of it. Apart such exits can be a few ones, but Boolean expressions, which direct the loops, can be different. The user’s functions are written in the fig. 38. They return the root of the algebraic equation with the help of Newton’s method (tangent method)
[16]. The loop with precheck requires that Boolean expression, which directs the loop, has been defined before entry in the loop. But this is missed in Newton’s method. The variants of solution of the problem are showed in the fig. 38. The loop with precheck and the method of artificial assign of necessary first value of Boolean expression, which direct the loop x1←x + 2.TOL
[17], are used in the first function. The loop with exit from the midpoint is used in the second function. This does the program more natural: break (break) the loop of approximation to the root, if (if) new approximation (x1) almost equals previous one (x). For the title of the loop while 1 does not confuse users (basically any number nonzero can be written in this case), it is possible to write one in white and white (see Tip 19) and to hide it. It will be good idea if we write the symbol infinity «∞» in the title of the loop while: as if we comment this way the method of construction of the endless loop, which body has the operators break (return or сontinue).

If we raise the construction break if( (return( if() to the word while, then we’ll get the loop with precheck (while), if we lower it to (feet( of the loop body, we’ll get the loop with postcheck (repeat). The constructions, which break the loop, can be a few ones. At that different Boolean expressions can be written after the key words if.

The function in the fig. 38 has one more distinguishing feature. The second function works with use of auxiliary user’s function «approximately equal», which for its turn relies on the built-in variable TOL (accuracy of calculations – by default the variable TOL equals 0.001).

Tip 39. Program without the operator if
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Fig. 39. Program without the operator if

If we take into consideration that the alternative is the backup structural controlling construction, then the algorithm of any difficult program can be realized without the operator if from the panel of programming of Mathcad.

User’s function, which returns the root of an equation and uses half-division method,
[1] is created by the first program in the fig. 39. The cycle with pre-check, which loop body has the complete alternative. The operator if is excluded from the second program in the fig. 39: the alternative with one arm is the cycle with pre-check, which loop body is executed either once or never. The complete alternative (the alternative with two arms) is two incomplete alternatives: two alternatives with one arm. The alternative is the tool for shortcut motion along the program only on one direction (top-down), but the cycle is the shortcut motion on both directions (top-down and bottom-up). Hence we see the «uselessness» of the alternative. The continuation (opening) of the theme you will find in tip 45 and in one of the books «Programming in Mathcad».

Tip 40. The function if instead of the operator if
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Fig. 40. The function if instead of the operator if

When you realize the branched algorithms the structural directive construction, namely alternative is used parallel with the cycle. For it we bring the Boolean variable in the program, which directs the alternative. Then we execute the following operations according to the first (it is better to say – according to zero) or the second (non-zero) script depending on what current value (0 – no, not zero – yes) the Boolean variable has. If every of two arms of the alternative have one by one operators, then it is possible to try to use the function if from the set of the built-in functions of Mathcad (please, compare two functions in the fig. 40) instead of the operator if from the programming bar. If at that something is bound to the same variable in two shoulders of the alternative then it is possible to do with only operator, which is used the function if. The example:

c ( if(a > b, a, b)   instead of   if(a > b, c ( a, c ( b)

Unfortunately, the method of change of the operator if to of the same name function stops to work in Mathcad 8 Pro, Mathcad 2000 Pro and Mathcad 2001 Pro – the function метод_пол_дел_2 in Mathcad PLUS 6.0 and Mathcad 7 Pro gives the right result but if we transfer it in Mathcad 8 Pro and over it gets caught in an endless loop.

However for realization the branched algorithms out of a program it is possible to change the function if to the combination of the operators if and otherwise.

At that it is expedient to lead the operators return in the plural branching, which quicken the calculation (tip without number).

Actually the function if has become unnecessary: in new version of Mathcad the function is kept for compatibility with old versions
[2]. The same history happened with the function until (loop organization, which body has one operator), which the operator while successfully changed. (Although in eighth and over versions of Mathcad-there is the function until and it works but there is not it Master function.)

Tip 41. Construction if with the compound operators in shoulders
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Fig. 41. Construction if with the compound operators in shoulders

If there are two or more operators in shoulders of the complete alternative then they are written under the key words if and otherwise (see the functions in the fig. 33). If these blocks of the operators are enclosed in brackets then they will be situated left of corresponding key words (see fig. 41, where the function of search of minimum using the method of golden section is else «shortened» in comparison with its analogues in the fig. 33).

The important remark! It is impossible to place all operators on one line in shoulders of the alternative (see tip 33). Such program will work in Mathcad 7 Pro but it will stop to function (it will get caught in an endless loop or will return wrong answer) in Mathcad 8 and over.

Tip 42. Imitation of parallel calculations in Mathcad
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Fig. 42. Imitation of parallel calculations of Mathcad

Placing of a few operators on one line (see tip 33) has one more explanation.

Two first operators of both programs can be executed in any order in the fig. 42 (for example, at first two is bound the variable b but then one is bound the variable a or vice versa as in the fig. 42). But it is better to execute these operators at the same time i.e. parallel! Compiler of Mathcad supports only the sequential calculations on uniprocessor machine. The calculation can be appreciably expedited by multisequencing the calculation. Here is the typical problem for such calculations ( two matrixes are summed up: corresponding element of the second matrix is summed up every element of the first matrix.

At present time (parallel( versions of traditional programming languages (FORTRAN, for example) for work on multiple-processors machines appear.

When we place (parallel( operators on one line of Mathcad-program (see fig. 42) first of all we as if prepare it for execution on multiple-processors machine and in the second place we underscore cause-effect relation of operators and of operators’ blocks.

Tip 43. Fixing of program blocks
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Fig. 43. Latchup of soft blocks

In all programming languages there are the key words and the symbols, which fix begin and end of the separate soft blocks. In the programming language Pascal – the words are begin and end, in the programming language C – the symbols are curly brackets, in the programming language BASIC – the end of a line, the key words are Next, EndIf, Then, Else and etc. Soft blocks of Mathcad are fixed by the vertical line, which appear (be prolonged) after keystroke Add Line on the programming panel. But if there is only one operator in a soft block then it will not be outlined by the vertical line. It decreases a little (readability( of the Mathcad-program. In the traditional programs a separate operator and a block of operators can be marked out by the paragraphs from the left side of a display or of a paper showing this way the nesting of structures. Mathcad is devoid of such possibility too or rather a paragraph is entered not by a programmer but by the system and more over it is not so much showed in case when there is only one operator in the block.

To pick out one operator by a vertical line in Mathcad-program it is necessary to add the commentaries to it (see tip 30). As the commentaries you can use the key words or symbols of programming languages that are acquainted the certain user of Mathcad. In the fig. 43 reader sees «almost Pascal» Mathcad-program of search of a root of the algebraic equation by the half-division method, which «normal» version you can see in the fig. 39.

Tip 44. Solution of a system of algebraic equations in the program body
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Fig. 44. Solution of a system of algebraic equations in the program body

In Mathcad the built-in function Find
[3], which works together with the key word Given, is meant for solution the system of nonlinear algebraic equations (see the example of the solution of such problem in tip 10). Unfortunately similar technology is impossible in Mathcad-program as since we can not put in the key word Given in it. There are three solutions of the problem:

1. It is possible to try to reduce the nonlinear system to linear one using, for example, change of variables. After it the problem is solved with the help of the built-in function lsolve
[4], which does not demand the key word Given.

2. It is possible to try to reduce the system of equations to one algebraic equation using variables substitution
[5]. Search of roots of the equation is possible with the help of the function root in a soft block (general case) or polyroots (equation-polynomial). Solution of the problem can be obtained with the help of enclosure of the built-in function root: root (f1, root (f2,… and etc.

3. Starting with the eighth version the functions Minimize and Maximize are brought in Mathcad, which orient for solution optimization problems. These functions can work both with the key word Given (constrained problem – see the example in tip 15) and without it (unconstrained problem). This allows searching roots of the system inside a soft block with the help of the function Minimize. At that, for example, it is possible to minimize squared maximum coherence of the system: to find such values of the variables that left and right parts differ each other minimally – see fig. 44. For it a subsidiary user’s function F(x, y) is formed. It returns maximum values (max) of deviation square of left and right parts of the equations that the current problem includes. Unfortunately it is impossible to define the user’s function inside the program (limitation of Mathcad). After it the main soft user’s function roots(x, y) is formed. Its arguments are the first approximation to solution of the system. The function returns a matrix, which the first column keeps commentaries, the first element of the second column keeps the decision vector and the second element of the second column keeps maximum residual of the system that is used for control of the accuracy of the solution. In the fig. 44 four real roots have been found. Graphical solution of the problem was considered in tip 24 but the analytical one – in tip 29.
Attention! Mathcad-document in the fig. 44 gives the right result only in Mathcad 8 Pro and it stops to work in Mathcad 2000 Pro. The author let know of the bug the developer of Mathcad. The main point of the answer was the following: «The functions, which include in Solver of Mathcad (group Solving in Master functions of Mathcad: Minimize, Maximize, Find, MinErr, polyroots and root) are not the creation of MathSoft, Inc. but they are purchasing from the firm Frontline, Inc. That’s why all claims we have to direct to it». Nevertheless the mistake has been fixed in Mathcad 2001.

Tip 45. Units in a program
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Fig. 45. Dimension inside a program

In Mathcad a function can return a few values, which are united in a vector or a matrix (array). The given soft user’s function returns the values of perimeter and square of a triangle depending on a length of its side in the point 1 in the fig. 45. But if user wants the arguments to be dimensional ones for the function returns the value of perimeter and square of the triangle with corresponding units (length and square – point 2) then failure will wait for him. At that misleading error report will appear: «Mismatch units». User thinks that he sums meters with kilogrammes, for example, but the cause hides in another thing – a vector of Mathcad can keep the variables only the same dimension. We have already met with this phenomenon when we considered the methods of programs debugging in tip 36 and 37.

It is possible to make the function in the fig. 45 to give two values not at once but by turns (see tip 37) – depending on the value of the additional argument (point 3): if i = “Perimeter” then the function Parameters_triangle returns the triangle's perimeter, if i = “Square” then the function returns the square. But in this case the work with dimensions will result in bugs too – see point 4. The function Parameters_triangle like any other function always returns unit of a dimensional variable from the first «returned» line of the program.

The developer of Mathcad was told about the given mistake (the program in the fig. 45 always outputs dimension of an operand of the first operator return). The mistake was partly fixed: if we install the first patch on Mathcad 2000 Pro – after which number of the version becomes longer on letter «A» then the program will return … non-dimensional value in point 3 in the fig. 45.

In tips of the firm MathSoft (see Tip of the day – point 71) dimension inside the programs is not recommended to use. At that for some reason the loops are mentioned, but they do not have the possibility to work with dimensional variables. In this case the point is not only in loops, but also in return mechanism of variables and certainly in arrays, which are not able to keep variables of different dimensions.

In point 7 in the fig. 45 the alternative is changed on two loops While, which operators body execute either one time or not once. About this method we have written in tip 39 but here it is used for the attempt of rehabilitation of the program in the fig. 45. We have to admit that the attempt has turned out to be failed: both alternative and loop work with dimensions not completely correctly. Way out is in tip 52 and… in Mathcad 2001 Pro where the mistake has been finally fixed.

Tip 46. Protection from fool and from joker
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Fig. 46. Protection from fool and from joker

There is a number of special jokers who get pleasure from the attempts of practical jokes of a computer: (Computer, you think too much of itself. Let’s look, if you swallow it or not!( – they think this way or about it when the input wittingly (wrong( information in the computer. Computer has to be able to protect itself from (free» or «forced( mistakes of user.

In tip 6 and 21 we have already given the advices about the protection – not a computer, certainly (though how shall I put it: for example, user can set in a computer wrong floppy disk, open shady letter, which he has received via e-mail
[6], bring in virus and break soft or hard part of a computer), but a user himself – from the mistakes of input: control of hit inside the possible range (tip 6), control of data addition of necessary dimension (tip 21).

As rule it is impossible to provide for all potential mistakes of a user in advance. Usually these mistakes appear during operation of the program. If a mistake is noticed and it resulted in unwanted consequences then the program will be added by new operators and functions, which prevent from appearance of the given mistake.

Our old problem, which returns volume of a cone depending on its geometrical sizes, is showed in the fig. 46: diameter of base (d) and length of the cone’s generatrix (l) supplemented by control of the ration between d and l. When you protect a program it is important not only to lock its work if the initial data are wrong but also to give maximum informative error report
[7]: built-in or user’s one. But the embedding in the program of user’s error report (non-dimensional text constant) breaks its ability to work with dimension values: the function V returns non-dimensional values in case if its arguments are dimensional ones.

It is too difficult to suggest what mistakes user can do when he inputs initial data. It is possible to go of contraries – to accept only right data and to identify and cut off wrong data. In this case the operator error will be useful but not the function: ( on error ( – processing operator of alert conditions. The first operand will be executed in the given operator if the bug takes place during the execution of the second operand.
Tip 47. Critical points on a graph

[image: image129.png]


 [image: image130.png]


 [image: image131.png]



Fig. 47. Critical points on a graph

They (see the title of the tip) can be marked not only as constants but also as variables, expressions and functions.

The method of numerical search of local minimum and local maximum of user’s one-argument function is showed in the fig. 47. As rule such work is accompanied by the graphical control of the result – construction of graph inclusive the obtained points in Cartesian coordinates. Mathcad allows marking to points on the graph by red dotted lines. For it in the window for formatting graphs on the tab Axes we place ticks (the options are turned on) Show Markers. After it couple of placeholders appear on the graph near the axes y and x where user generally writes constants (numbers). However we can input their variables (expressions, functions) and we have done it: not fixed, but floating markers have appeared and they mark critical points (minimum and maximum) on the graph. If we find new points of minimum and maximum (of modified initial function, for example), then the dotted lines for fixation them on the graph will remove automatically too.

As well it is possible to insert not only numbers but also the expressions in placeholders near the axes y and x for floating fixation of graph scattering by the ordinate and the abscissa. The term «floating fixation» is strange enough (it is like «boot soft-boiled») but in the given case it describes quite exactly the technology of graph formatting – we put variables in places where developer prescribes to put constants.

It is possible to recommend one more method of fixation the points on a graph for additional formatting. Very often when one publishes the results of calculation in Mathcad the graphics are «froze» by the keystroke PrnScr (or Alt + PrnScr) and then they design as a general picture in the environment of some graphics editor. In this case it is possible to add the graph as you wish. Rather well to give notice people who try to repeat such perfect picture in Mathcad of that such «appearance» of the graph is not provided
[8] in Mathcad.

Tip 48. Different scales of abscissa axis
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Fig. 48. Different scales of abscissa axis

Very often in Cartesian coordinates of two and more one-variable functions some curve «lies» down the axis x because of small value of the corresponding function in selected range of the argument. In Mathcad it is impossible to have two axes y with different scales (we can have it, for example, in Excel). Nevertheless the solution of the problem exists
[9].

The view of the function and its derivative is showed in the first graph fig. 48. «Dispersion» of values of the function and its derivative are not commensurable in the given limit of the argument (8-9) in the graph.

In the second graph values of the function are multiplied by 10 (the coefficient is sorted out experimentally) and it «reanimates» the graph: now one can see that derivatives equal zero in the points of minimum and maximum and etc.

The second difference of the graphs in the fig. 48 allows formulating one more tip (without number).

The derivative is constructed by numerical calculation of its values in the first graph. It is long enough and quite inaccurate
[10] procedure. Before we will construct the second graph we form the additional function dy, which keeps the derivative of the function y appointed by the tools of symbolic mathematics of Mathcad: speed and accuracy of construction of the graph increase abruptly.

Tip 49. Formula-incognito
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Fig. 49. Formula-incognito

When we watch the pictures of arrest of the offenders on TV we can see that as rule the faces of the official staff are closed by black boxes, which move within the screen synchronously with the motion of the policemen
[1]. It is possible to lay the same boxes on the operators of Mathcad-document if the author does not want to open his secrets (see the fig. 49, where the mechanism of the forming of the matrix М, which elements are the centres of the surface
[2] net, is black-out). Similar boxes are laid by the change of color of background of the formulas
[3] from white color to black one.

This tip was written for the seventh version of Mathcad, where it is impossible to slam the singled out areas of the document (see tip 50 and 62). But in eighth and later versions (in these versions it is possible to slam an area) the tip can be useful: it is possible not to slam the area with the operators-incognito but to protect from editing. This way we intrigue future user, for example, if we show that enough difficult calculation realizes by few number of operators. (As a matter of fact user can change the color of the variables and the constants of the whole document from black to white and… he tears the mask of the formulas-incognito.)

Tip 50. Protection of the areas of Mathcad-document
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Fig. 50. Protection of areas of Mathcad-document

It is worth to protect the areas of the Mathcad-document, which are not meant for editing by the author or the other users, by the password (see the fig. 50, where we slam the prepared upper part of the document with the formulas -incognito – see the tip 49). The problem of use of any password is that we can forget it. The author knows how to unlock the password in the Mathcad-document however instead of telling this secrete he suggests one more tip.

As we beware of attracting attention not quite honest people the author asks people who have had the password but forgotten it to send the lock document to the address ochkov@twt.mpei.ac.ru, where it will be unlocked and forwarded. Payment for the service is new tip in the piggy bank of the author. The password (password) is inputted by the general technology (see the dialogue window Lock Area in the fig. 50): user inputs a password (here the password is two symbols, which do not print but change to the stars in order to avoid the risk that somebody could spies the password from the shoulder of «the document’s master»
[4]); then it is necessary to duplicate the password in the field Reenter password. It is possible to slam the area at the same time of input the password (see the tick in the field Collapse when locked). The area, which you have slammed, becomes the line (see the beginning of the fig. 62) where you can write the date of hiding the area (see the tick in the field Show lock timestamp). But it is possible to remove this line, inscriptions on it and the other  «tracks» at all that they have not been seen on the screen of the display. Tip without number: if you look through a new unknown Mathcad-document it is worth to switch over to conditions of color extraction of the operators (the switch Regions in menu View – see the fig. 1). In this case all invisible and slammed areas will be visible (they will be singled out by white color on the grey background).

Tip 51. Dimensionalities and symbolic mathematics
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Fig. 51. Dimensionalities and symbolic mathematics

When reader familiarized with the tips 16 and 17 he made sure that the system of physical and the other values, which is built-in in Mathcad, allows to call this package not only mathematical one but also physical and mathematical package. Unfortunately units do not work in symbolic mathematics of Mathcad: as since it «does not know », that a meter has hundred centimeters, an hour has 60 minutes and etc. But still it is possible to solve the problems analytically with dimensional values in Mathcad. At that the variables, which mean some built-in or user’s
[5] units will «behave» as general («ordinary») variables in the expressions where you apply one or another operations of symbolic mathematics (simplification, root search, differentiation, integration and etc.).

For example, here is the solution of a little modified famous problem from the Chehov story «Coach», which is solved by tools of symbolic mathematics of Mathcad. «A merchant bought 138 arshines of black and blue cloth and he paid for it 250 thousand old rubles, 50 new (denominate
[6]) rubles and 12 dollars. It is asked how many arshines did he buy of one and another cloths if the blue one cost 25 euro for one arshine but the black cloth cost 3 rubles?»

In the fig. 51 the problem is solved by two «symbolic» methods using the function Find and using the operator solve. In this case units are simple general variables, which along with the other variables take part in symbolic (analytical) transformations.

Tip 52. Separate the variables of the program
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Fig. 52. Separate the variables of the program

In the fig. 52 there is soft created user’s function, which returns density (() of some matter (вещ) depending on temperature (Т) and pressure (p). Two-dimensional spline interpolation is laid in the calculation: the kernel of the program is tabular values of the density (kg/m3) depending on discrete values of the temperature (50, 100, 150, 200 and 300 degrees by the Celsius scale) and on the pressure (1, 3, 4, 5 and 6 physical atmospheres)
[7].

We try to «obtain» from the program not one but a few tips.

Tip 1

Two-dimensional spline interpolation, laid in Mathcad, has in mind that tabular values of the functions have to be kept in a separate square matrix, but their corresponding argument’s values have to be kept in a rectangular matrix, which has two columns: the first column keeps discrete values of the first argument, but the second column keeps discrete values of the second one. But we choose more visual method: we note all figures in the matrix М. At that the stub of the matrix М (without upper element) keeps the value of the first argument, but the headline (without left element) keeps the value of the second argument. We write the commentary in the upper left corner of the matrix (in «nine», if we use the language of footballers) for free space was not empty. The rest of cells of the matrix keep the values of the function (in our case it is the values of matter’s density).

The notation in the tables with the title and stub that we choose for initial data allows to edit them easily or simply to use for the inquiry: you look at the table-matrix and see at once that, for example, if t = 200 (С and p = 5 atm then the density of our matter is 365 kg/m3. Before the interpolation the matrix М «is laid» out two independent matrixes with the help of built-in Mathcad-function submatrix – ТР (with two columns, which keep the vectors of the arguments) and V (square matrix, which keep the tabular values for the function).

If user wants to increase the speed of call of the function (, then it is worth to refuse the matrix М and he have to input tabular values in the matrix ТР at once (the name of this matrix reflects its structure: the first column is the discrete values of the temperature, the second one is the discrete values of the pressure) and V (density)
[8].

Tip 2

The method, which is considered in this tip, is present at all tips of the book where we have to refer to the numbers of lines and columns of the matrix (see also tip 70 and others). So it is never worth to rely on the concrete value of the system variable ORIGIN (generally it is 0 or 1). It is better to make a link to this variable in the program. For example, in our function it is possible to write the following way:

ТР(0(( submatrix(М, 1, 5, 0, 0)

But not:

ТР(ORIGIN( ( submatrix(М, ORIGIN+1, rows(M), ORIGIN, ORIGIN)

As a matter of fact this «simplicity» (see the first operator: ТР(0((…) can turn out «worse then stealing». If our simplified function is found in Mathcad-document, where the default of the variable ORIGIN is broken (it may be equal not zero but some another whole number), then the bug will appear. The mistake will appear if we edit the matrix М – if we input new data in it.

Tip 3

Mathcad gives unique opportunity to change the type (Times, Arial, Courier and others), the size (8, 10, 12 points and etc.) and the style (bold, italic, underline) of the print of the variables, functions, and constants. It is impossible not to use this possibility. In our program the variables and the functions are divided by groups, which are united by the structure of data. Using the principle of continuous of the form and the contents we can understand the features of programming in Mathcad:

        predefined variables and built-in functions have bold type Arial Cyr size of 12 points (here it is possible to pick out the separate group of built-in and users units of physical values);

        local variables of a program – as well type is Arial Cyr, but it is underline and less in size – 10 points;

        user’s functions and variables, which are visible in whole Mathcad-document – normal type (Variables);

        formal variables (arguments of the functions – T and p) – italic;

        as well numerical and textual constants can have different type (Constants and «Small constant»), which underlines the different groups of the constants in the matrix of table.

It is marked in the fig. 52 that the different groups of variables «are attached» to different styles of variables, which are given the different names
[9]: «Local variables», «System variables» and etc.

We can change У имен переменных, функции и констант можно также менять color of the type of names of the variables, the functions and the constants. This theme will be considered in the sketch «Color in programs» (http://twt.mpei.ac.ru/ochkov/Color_in_Program/index.htm).

Tip 4

The advantage of user’s function in the fig. 52 in comparison to its analogue, which is written in the environments of the traditional programming languages, is that our function has dimensional arguments (temperature and pressure) and returns dimensional value (density see tip 16, 17, 21, 45 and others). Unfortunately arrays of Mathcad can not keep the elements with different dimension. The way out may be the following: at the begging of the program we have to deprive the arguments (practically parameters) the dimension, reduced them to that non-dimensional value, which is used in the stub and title of the table, but at the end of the program we have to add the dimension of the tabular data to the outputting value of the function.

Tip 5

In the tips of the firm Mathsoft, Inc.(«Tips of day» – see point 74) partial solution of the problem of use degrees Celsius in the calculations, which are not built-in in Mathcad by means definition of user’s function is shown. In our case you define the function with the name (С too, which is called as the postfix operator (150 (С). This function converts non-dimensional degrees Celsius to the dimensional Kelvin (this method is more detailed described in tip 64). In the calculation we have two definitions of the function (С – point is that they are different functions (the main point of the tip): in one function Latin letter С is written, but in the other function Russian letter is written. It is done for user, that he has not puzzled over on what case to work during solution the problem and «has not got stuck» on unintelligible mistakes – when instead of Russian letter is inputted Latin one and vice versa. This curious thing we very often meet with the letter С, as since Latin and Russian variants are on the same key of the keyboard.

Tip 6

It is worth to fill empty space in a matrix up a textual constant, which explains its contents (see the left upper corner of the matrix M). It is possible to do without any mistakes as since numerical constants are non-dimensional in the matrix.

Tip 7

If the initial matrix of tabular data, on which sline-interpolation has to be conducted, is not squarte one but it is the rectangular one, then it is possible to recommend to divide this matrix by two cross squarte ones. So we can conduct interpolation using one of the matrixes depending on the concrete value of the «long» argument – the argument that is fixed on the long side of the rectangle.

Tips may be more, but… seven is beautiful number …

Tip 53. Method of step-by step approximations
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Fig. 53. Method of step-by-step approximations

Well-known problem about the evolution of an epidemic
[10] is solved in the fig. 53: in a town, where 20 thousand people live (Healthy), unknown number of sick people appear (Sick), it causes the epidemic, which the simplest model is described by two formulas. It is asked, how many sick people were on the first day if there were 100 sick people on the thirteenth day.

The problem is solved by the method of step-by-step approximations: we set the number of sick people on the first day (this operator is the last in the document in the fig. 53
[11]) and we keep a look out the variable Sick13, which value prompt to user how to change the variable Sick1 in the next approximation. We can fix the «history» of the approximations in the matrix, which is reflected at the end of the fig. 53. For it we have to write or copy manually the number triples, which are got at the each step of approximation to the solution, when the deflection (the last line of the matrix in the fig. 53) becomes equal zero (or rather nearly zero).

(Tip without number. The elements of the matrix can be reflected graphically, if we visualize step-by-step approximations). Continuation of the theme you could see in tip 91.

Tip 54. Touch up the names of the variables
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Fig. 54. Touch up the names of the variables

As rule the process of creation of Mathcad-document breaks into two stages. At the beginning some draft of the document without the commentaries and with short names of user’s variables and functions is made. The main purpose of this stage is the input of the formulas and the debugging of the operators. At this moment user thinks not enough about that it is important not only the momentary right result but also the openness for optimization of the program, the study and the perfection by the author and/or the other people in the Mathcad-document.

At the second stage we bring in the commentaries, format numbers and graphs, change short ((dumb() names of the variables and the functions to long ((speaker() ones in the Mathcad-document. For this change it is useful to use the command Replace from the menu Edit. At that it is possible to bring in the symbols, which are not available at the direct print of the names in the names of the variables and of the functions at the same time. This replacement we can consider as the third way of writing of the non-standard names – another two ways are described in tip 14 and 18. The creation of the variable with the inferior ((t) and upper (apostrophe, accent) indexes is reflected in the fig. 54. (The variables «with the accent( are widely used in the engineering calculations. For example, (( is the in temperature, but (( is the out temperature
[12].) It is impossible to obtain the accent at the (direct( input of the variable as since the corresponding keystroke results in the rise of the inverted commas.

Here are some tips without number, ensuing from the foregoing:

1. It is worth to write manually ((on letters () the name of the user’s variable or function only one time. When you call this variable (the function) next times it is worth to copy it but not to print again. The method is especially useful when the name is long and/or includes special symbols, which are not available for manually print. More over it is possible to mix up Russian and Latin letters, which are «similar» by way of writing: c, a, р and etc.

2. When you copy the functions it is useful to hold not only its name but also its arguments, then you can touch up them, change the formal variable, which are framed by the brackets and are shared by the commas, to the real variables or the constants (about the formal variables you could see in tip 83).

3. It is necessary to make an effort to input at once minimum commentaries in the Mathcad-document and not to put off this work later on
[13]. Very often this (later on( is absent: the program has worked and given more or less acceptable result. But alas the program is closed for study and the subsequent processing as since it did not obtain good commentaries in due time.

4. It is not unreasonable to write the extensional Russian-language commentaries in the environment of some textual editor (in Word, for example) and only then to transfer them in the Mathcad-document, as since Mathcad has tolls for only English spelling check
[14]. Apart in Word it is possible to check hand in hand with spelling syntax and punctuation, to sort out the synonyms for some words and much more that only «real» textual editor allows to do. It is possible to inculcate Word in Mathcad (or vice versa) for we do not carry the textual parts «here and there» (from Mathcad in Word and back).

5. The spelling mistakes are possible but they are desired in the names of user’s variables and functions. That’s why it will not be unnecessary to write the name in Word at the beginning, and then to carry it in Mathcad.

6. It is worth to input the built-in functions but the call of master function but not on letters print of their names. It will exclude some mistakes of (Russian-language( user (you input intersept instead of intercept, for example).

Tip 55. How to create shareware-programs in Mathcad
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Fig. 55. How to create shareware programs in Mathcad

Shareware
[15] is so-called free program that is speared under the motto: «We have tried if you liked it and buy!» The similar programs are available via Internet (the site www.download.ru, for example) or via СD-ROM that are enclosed to different computer magazines (ComputerPress, Game.exe, Games Country and the other). As rule, the work with the similar program is connected with some limitations, which induce user to connect with the author for to register or to get full version of the program or the information of liberalization. Here you can see not only mercantile interests (see the motto above) but also the other reasons. For example the author, when he lays some «shackles» on the program
[16], can lead the database of users, attract them for testing and for perfection of the program: «Tried, liked, then register (praise, criticize, work together with me and so on and etc.)!»

The example of shareware, close to reader is freeware Mathcad Explorer, which you can at the sites of Internet
[17]. This program allows to work with Mathcad-documents but with some limitations: for example it is impossible to save on the drive the modified file
[18] – for it you have to buy the commercial version of Mathcad.

One of possible technologies of creation of shareware-Mathcad-document is reflected in the fig. 55. With the help of it our old problem about the cone’s volume is solved (see tip 35, tip 36 and tip 37). It clear that we can solve the other, more difficult program which solution is the intellectual property of the author that he want to protect via the mechanism shareware.

In the point 1 in the fig. 55 the variable Attention!
[19] has the information, which the author of the program here and further pushes «under the nose» of future user. This way the author reminds user that he works with the given program as if «on credit ». Then user is suggested to input initial data of the calculation – geometrical sizes of the cone, which volume is calculated by the formulas in the frames (see also tip 62). To distribute ready program it is necessary to slam these frames with the input of the password (see tip 66). But before it we have to put down the calculated cone’s volume some «sly» method in the «out» parameter V: in 70 cases from 100 the variable V keeps the write result and in the other cases it keeps the contents of the variable Attention!

Here are the defects of the shareware-program that is showed in the point 1 in the fig. 55:

it is impossible to use the dimensional physical values in the calculation (length, square and volume), as since the variable V has by turns either numerical or textual value (see tip 45); 

it is necessary to change the evaluation version of the program to full one (registered version; for it we can use either email or general mail or hand over the program at the meeting. Here there is no special program. The inconvenience is that user will have both evaluation and full version of the program, in which it is possible to involve in. 

These defects are removed in the point 2 in the fig. 55. In the first place no it is possible to work with dimensional values owing to that the message of the author is not already textual constant as we have seen in the point 1, but it is user’s error message: in the similar case the recreated function Volume of the cone returns the right result in 70% of calls but the error message in 30% calls. In he second place our shareware becomes the general software after the author will tell user his registration number. In this case the variables Name and SerialNumber keep something different from that was written in the point 2 in the fig. 55: for example “NN” and 00000000. After that user will try the program and will make sure that the program returns right and necessary result (as before the calculation is hidden and protected by the password), he deals with the author and gets his registration number, which is generated by the function
[20] in the point 3 fig. 55. When you input user name (for example, it was “NN” and becomes “Orlov K.”) and registration number (it was 0000000 and becomes 6796937) the program stops to remind that he work with the evaluation version. If the author wishes he is able to send by mail (or email), to let know by the telephone or to hand over at the private meeting the password as well, with the help of which the calculation was closed: «to sell» user not only the results of the calculation for different initial data but also the calculation. Registration number and password can be encoded in addition before sending.

The developer of the program can change the power (number 3) to another one in the function of the point 3. It is acceptably to change the algorithm of generation of the passwords to some especially secret one. The main point here is that the unique number is generated by the name (it may be fractional number: 135.834, for example).

Attention! The mechanism of creation of the trial function, which is showed in the fig. 55, is broken if at the beginning of the document we write Mathcad-operator rnd(x) := 0. In Mathcad, as well known (see tip 13) the built-in functions are defined and we can use it. It is said that it is possible to break any protection. But the protection, which described in this tip are not the protection per se, but the mechanism for reminding the user about his guaranties before the author. Any protection is meant for honest people, who come, for example, to closed door and pull it out they understand that the way is closed. A swindler begins to break open this door or even to beat it out and he does not guess that there is another open door and the way through it is not always longer one but in some cases is even shorter.

Tip 56. Speeding-up the work with three-dimensional graphics
[21]
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Fig. 56. Speeding-up the work with three-dimensional graphics

One of the defects of the work with three-dimensional graphics of Mathcad is too difficult to format the graph if we have large quantity of points: to turn, to change the colors and etc. While user wait for next repainting of the graph he asks himself not once: «Why have I decided to do it?»

This problem can be solved a few methods. One of these methods is not use three-dimensional graphics in Mathcad, but the application the other special-purpose programs for it such as Axum, for example. But the discussion of this method exceeds the bounds of the given book, that’s why we’ll not consider it. We try to solve the problem within the environment Mathcad. The main point of the method for decrease of «the dormancy» of three-dimensional graphics is the dynamic decrease of the number of displayed points. It may be done by two ways. In the first place it is acceptably to decrease the number of calculated points. However at that user can not always guess beforehand the necessary size of changing of the variables and their changing step: it may turn out that the built graph will not have all necessary information. As a result we have to calculate whole the matrix
[22] anew. But if the calculation takes plenty of time, then it may be simpler not to touch the matrix but to format the graph at once
[23]. It is possible to overcome this defect if we use the second method, which is suggested here as the tip.

The main point of the tip is that we construct three-dimensional graphs not of the initial matrix, but of the doubling one, in which we bring in only the part of points of the initial matrix. The illustration of the mechanism of construction is showed in the fig. 56. For dynamic changing of the power of the detail (of the quantity of points in the matrix, which is used for construction of the surface) is brought in the variable Detail. Then we bring in new index variables, we calculate the convert coefficient (the variable with the name k) and finally we fill the second matrix by the elements from the first one with the given detail. As a result three-dimensional graph of not the whole initial matrix but only of its part is constructed.

The advantage of the given method is that the above-mentioned graph reflects the whale size of changing of the variables, but with the large changing step. Using the choice of the value of the detail coefficient it is possible to reach that three-dimensional graph will quickly «react» to change its format. After it we can easily adapt its appearance and only then we assign the value 100% to the variable Detail (or place the reflection of the initial matrix). After it our three-dimension graph will look like we have thought.

Tip without number. Very often the difficult three-dimensional graphics applies the brake appreciably to the process of calculation by the operators, which are kept in the Mathcad-document. Quiet often it prevents the review, scrolling of the document. In this case it is possible to recommend to turn off the process of the recalculation and the repainting of the graphs for a certain time with the help of the switch Disabled Calculation. The more cardinal method of the shutdown of the graphics is the change it to the picture. For it the mold of the screen with the graphics is transferred to the environment of some graphical editor, then we finish off it there and new but already «stark» form is inserted in the Mathcad-document. (The principle of chopping of Gordian knot – see the sketch «History of one masterpiece» (http://twt.mpei.ac.ru/ochkov/Lace/Lace.htm). There compromise method for review the unusual three-dimensional graphics of Mathcad is suggested: at first we are suggested to look at small picture, then we see enlarged picture on whole display, and only then «viewer » can decide if it is worth to download the corresponding Mathcad-document and view the «masterpiece » in all details – to turn the volumetric structure, «to touch» its settings via the window of format and etc.

Tip 57. Work with the files on the drive
[24]
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Fig. 57. Work with the files on the drive
When you work with data files in Mathcad sometimes we have the necessity to check up if the necessary file already exists, if it is necessary to recopy it (it is done by the call of the built-in function WRITEPRN) or add it (APPENDPRN). The given problem is solved in the programming languages: if user would like to add non-existent file, it automatically creates as new one. The function APPENDPRN does not have the similar properties: the error message will appear if you want to add non-existent file.

The given problem can be solved using the different ways. But the simplest method is to address to the firm MathSoft with the request of making over the function APPENDPRN or of creation new one of similar nature but with the possibility of the creation of the file in the absence thereof. The second ay is to write the language С the function, which either would change the function APPENDPRN or simply would check up the existence of the file on the drive. However the considered problem can be solved by means of built-in possibilities of Mathcad: via the call of the function READPRN with use of the operator on error and the additional array of two elements, which keep the file names.

The fragment of the Mathcad-document is showed in the fig. 57, which is illustrated the suggested tip. The main point of the method is that we execute the attempt of reading the data from the file before saving it. If we obtain the beneficial result (if the file with necessary format of data exists) then the variable, which keeps the file name for addition (the call of the function APPENDPRN) is assigned the initial file name, but the variable, which keeps the file name for creation of new file (функция WRITEPRN) is assigned empty line. Otherwise (if the file does not exist on the drive) the above-mentioned operations are made in the reverse order. The control of right reading is made with the help of the operator on error, which executes the operations of the left operand in case if the execution of the operation of the right operand has been the cause of the error.

If the file does not exist on the drive then the function WRITEPRN will be called and the following calls will be of the function APPENDPRN
[25].

The defect of this method is that every time the function of reading data from the file READPRN will be called. It may slow down very much the process of calculations if the file has large quantity of points.

Tip without number. It is possible to use the functions for saving the files on the drive for the transfer the value of the variable from the lower part of the Mathcad-document to upper one. It is necessary, for example, for realization of the step-by-step approximation method (see tip 53).

Tip 58. The function if and the operator if
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Fig. 58. The function if and the operator if
Generally users of Mathcad for realization of the alternatives out of the program use the built-in function if from Master function, but inside the program the use the operator if from the programming panel. But it is possible to recommend to use the operator if out of the program too. (About the inclusion of the function if in the programs – see tip 40.)

The user’s function, which returns the sum of income tax
[26] depending on the sum of «unsavoury» income
[27], is formed in the fig. 58. In the point 1 the function Tax is formed owing to multiple enclosure of the built-in function if. At that the function Tax becomes very long and difficult for reading and editing – we have to write this function manually in the column
[28] in the fig. 58. In the point 2 the function Tax is formed by the operators if and otherwise. The third variant of the program is perfected in the following directions:

units of cost are brought in (see tip 18);

work of the function is hastened owing to use of the operator return;

the operator otherwise is removed as since all variants are sorted out and there is only single one.

 Tip 59. Color in Mathcad-programs
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Fig. 59. Color in Mathcad-programs
The traditional programming languages (Visual Basic, for example) paint the data-sheets of programs in the following colors:

        commentaries – green color;

        built-in constructions of a programming language – blue color;

        everything else (user’s constructions) – black color.

If you really want it is possible to paint this way Mathcad-programs (see fig. 59).

Color in programs is a special story, which has been told about in the sketch «Color in programs» (http://twt.mpei.ac.ru/ochkov/Color_in_Program/index.htm).

Tip 60. Dimensional zero value
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Fig 60. Dimensional zero value
When you output zero dimensional value Mathcad shows needless formalism adding unit to zero. This not quite corresponds with generally accepted standard of work with dimensions: for example, we say that some equipment was on the grade (on the height) 20 meters, but another one – on zero height, at that we do not specify the unit (meters). If we speak about absolute scales of measure, then the output of zero values we specify only dimension, but not units.

How it is possible to remove unit of zero value in Mathcad-document is showed in the fig. 60. For that it is enough to make this unit … invisible one – to assign it the «invisible» style (we write in white and white).

Remark. It is worth to hide unit only in that case if it is known in advance that the insertion operator of numerical value will give only zero value. At that it is necessary to remember that zero meters and zero millimeters are not the same things if we speak about numerical (approximate) mathematics of Mathcad.

One more example of hiding a constant by change its color from black one to white color is showed in the fig. 60а.

Fig. 60а. Invisible argument of a function (an operand of the operator)

In Mathcad there is undocumented function time, which returns the time (in seconds) of work of a computer
[1]. The argument of such function may be any number, zero for example and that is done in the first part of the fig. 60а, where the time of addition of numbers of natural scale from 1 to million in Mathcad 2001 is fixed. In the second part of the fig. 60а the function time is called already in the form of the prefix operator, which operand is written in white and white and it is invisible on the display’s screen (on the printer’s paper). As since this argument (operand) does not have an influence on the value that has been returned by the function (the operand). Hence there is no reason to show it.

Remark. Qualitative assessment of new machine arithmetic that has been built in Mathcad 2001 is showed in the fig. 60а.  This arithmetic allows quickening the calculations.

See http://twt.mpei.ac.ru/ochkov/Invisible/Eng/Index.htm too.

See http://twt.mpei.ac.ru/ochkov/Units/Part_1_eng.htm too.

Tip 61. Control of dimensions in a program
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Fig. 61. Control of dimensions in a program
As we can see in the fig. 21 it is possible to control a dimension of an input value out of a programs. 

It is showed in the fig. 61 how it is possible to carry on such control inside a program when you call the user’s function. It is done by already described in tip 21 technology: the value that keeps controlled dimension is added and at the same time is subtracted to the controlled variable. There are no changes with the value, which keeps in the variable if it keeps necessary dimension (in the fig. 61 the variable diameter and length have to keep only the length and nothing else, but the variable density – density). Otherwise the mistake appears (see three last «ablush» operators in the fig. 61). The «program» variant (see the fig. 61) only differs from the technology that is showed in the fig. 21 that there is no necessity to have the same name but different styles variables.

As well in the programs the function UnitsOf is to the point. This function returns the dimension of its argument. The function UnitsOf has very interesting feature. It has been inputted only in Mathcad 2000, however it already was in the program but not in the documentation, Help and in Master function of Mathcad 8. It is very remarkable fact: it turns out that new functions can appear in Mathcad earlier than the documentation will tell about it. In early version of Mathcad it is worth to «probe» new, unknown functions. At that it is not worth to enable them in the calculations (tip without number). This tip fluently spills over the tip 62, where it is recommended to «be behind one step» in use different software. User of Mathcad 8 can input the function UnitsOf in the document if he has forgotten that there is not still such function. By the way it is one more reason, which decides in favour of the method of input the built-in functions with help of Master function, but not with help of manual type of their names. Point is that the function UnitsOf (and similar) in Mathcad 8 is able to be unfinished. The developer of Mathcad did not have time to shape it up: in the program they left it (forgot?), but they did not describe in the documentation, Help and in Master function.

See http://twt.mpei.ac.ru/ochkov/Units/Part_1_eng.htm too.

Tip 62. Structuring of Mathcad-documents, or «The best – the enemy of good»
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Fig. 62. Structuring of Mathcad-documents
Three types of Mathcad-document are showed in the fig. 62 where the volume of a cone (as well this problem is considered in tip 30, 35, 36, 37 and 69) is calculated. The upper part of the fig. 62 is the name of the document (commentary
[2]) and the horizontal line, which is marked the slammed area, where all calculation is situated. If we open the area, then user sees the middle part of the fig. 62: the title and the opened area, inside of which there are three subtitles and three new slammed areas (the sub areas – if we remember the word structure in the title of the tip), which contents in its turn is showed (opened) in the lower part of the fig. 62.

Embedded areas (i.e. the areas that are created inside the other range – the area of upper level) are created by the moving the limits of the area of lower level (subtitle) in the area of upper level (title). It is impossible to create new area inside already created one. This feature of Mathcad it is possible to consider as a mistake or limit. More over when a user try to open the embedded slammed area then sometimes the system of Mathcad does not «understand» completely what the user wants and it opens incorrect areas. The author removes this tip but gives new one on base of it.

The possibility of separation («enclosure») of the area (areas of the same level) for the following its protection from the editing (Lock) in Mathcad-document has appeared in the seventh version of the package. Apart in the eighth version it is possible to slam (Collapse) these areas and we use it forming the fig. 62. It is possible to say that «the age» of the tools of creation and protection of an area is two «years», but the tool of slammed is one year. Following such criterion it is possible to sort out all tools of Mathcad and to draw enough sound conclusion: the «younger» tool the higher probability to find a mistake or a defect
[3] in it. It is not worth to use the tools «with one passing year» for writing serious programs (the main point of the tip).

It is worth to formulate this tip to wide extent the following way: the newest version of Mathcad it is possible to use in familiarization and educational purposes. Some serious work it is better to do in the environment of rolled versions.

This principle of «the old horse, which does not spoil the furrow» touches not only soft but also hard part of the computation systems. The computers, which control the serious industrial projects, work under DOS, but not under Windows.

Tip 63. Automation of symbolic calculations
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Fig. 63. Automation of symbolic calculations
One of the imperfections of the symbolic mathematics of Mathcad
[4] is so that it is difficult enough to automatize the analytical transformations in such a way that introduced changes in the initial expression tell on all line of transformations at once.

One of the solutions of this problem is showed in the fig. 63 – union of the operators «:=» (input of numerical value) and «(» (output of symbolic result). Outputted expression (in our case it is any user’s function with the name y) as a by-product (see the icon of the question after the title of the tip) forms new user’s function dy(x), with which all subsequent transformations are possible (see fig. 63). Now if we make changes in the initial function y(x) then the result will change.

The process of the qualitative change of the tools of symbolic mathematics «stiffened» on the seventh version of Mathcad. This explains the following way: as we have said above the symbolic mathematics of Mathcad is not work of MathSoft, Inc., but acquisition of the elements of the symbolic mathematics from the famous package Maple made by the firm Waterloo Maple, Inc. In the tip 63 we underline (see once more the icon of the question after the title of the tip), that the forming of the user’s function with help of symbolic transformation (the line of the operators «:=» and «(») is by-product (undocumented method). And symbolic mathematic is by-product (tool) of Mathcad.

Tip without number. Very often the «fruit» of the symbolic transformations «lie down» in Mathcad-document badly. They are bad both in its form and its matter: reformed by the operator «(» the expression takes along the right pages across of the document; simplification of the formulas is not done completely and etc. In this case the author recommends to finish off all simplifications manually and to carry them in Mathcad-document in the form of the figure following the technology in tip 56 relating to graphs of Mathcad.

Tip 64. Work with degrees Celsius
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Fig. 64. Work with degrees Celsius
In tip 16 the recommendations about work with units of physical values wanting in the list of built-in in Mathcad have been given. There is nothing difficult: user's units are attached to built-in ones with help of the factors (MPa := 106 Pa end etc.). But this rule cannot be applied for temperature. Point is that there are two notions related to these physical values – unit of temperature (Kelvin, degree Celsius, Fahrenheit degree and etc.) and scale of temperature (Kelvin, Celsius, Fahrenheit and etc.).

Celsius (or Fahrenheit if we speak about British system of measure) is the outboard scale, which, nevertheless is widely used for reflection the value of the temperature
[5]. However the temperature of absolute scale Kelvin (or Rankine in British system of measure) are used in scientific and technical calculations. The formulas of the conversion of the temperature from one scale to another one are simple enough (see «Day’s tip» №74), but above-mentioned technology (see tipе 16) of the input of user’s units does not work in them.

One of the solutions of this issue is showed on a simple problem in the fig. 64 – two temperatures are given; we have to find a difference between them. It is clear, that it is not arithmetic problem, but metrological one: all values have the dimensionality of temperature. At that user can input and output the value of temperature in any of four units and scales: Kelvin degrees (scale), Rankine, Celsius and Fahrenheit. If there are no problems with degrees (scales) Kelvin and Rankin (they are built-in in Mathcad: R = 1.8 K), then with respect to degrees (scales) Celsius and Fahrenheit we have to use some ruses. These ruses are the main point of the tip.

Eight objects with the names (C and (F are introduced into the calculation:

        two functions with the name (C (the first one (C(t) := (t+273.15) K style – Variables, and the second (C(t) := (T/K-273.15) – Units 1, at that the color a type of the name of the second function is white. It is invisible on the screen of the display
[6])
[7];
        two constants with the name (C (first one is (C := 1 style – Units 2, but the second one is (C := K – Units 3);
        two functions with the name (F (the first one is (F(t) := (t+459.67) R the style – Variables, and the second one is (F(T) := (T-459.67) – Units 1, at that the color a type of the name of the second function is white. It is invisible on the screen of the display);
        two constants with the name (F (the first one is (F := 1 the style – Units 2 and the second one is (F := R – Units 3).
The names of the objects are the same, but these are different objects, as since they have different styles (Variably, User 1, User 2 и User 3).

When we work with temperature there are three situations. Above mentioned function and constants help to react for these situations correctly:

Situation 1. It is necessary to input the value of temperature on a scale Celsius (or Fahrenheit). For it the first function °С (or °F) with the style Variables is called in the form of the afterfixing operator: t1 := 0 (C (or t2 := 212 (F). At that the variable t1 (or t2) is assigned the value of temperature on an absolute scale of measures.

Situation 2. It is necessary to output the value of temperature on a scale Celsius (or Fahrenheit). For this purpose in the operator «=» it is necessary to make the variable that we are going to outtype as the operand of the prefix operator, which name (symbol) is °С (or °F) – the second above mentioned function: (F t1 = 32 (or °С t2 = 100). If we make invisible (see tip 19) the name of the function, and we print in addition the first constant of the user to a numerical constant in the answer °F (or °С), then the illusion of an output the absolute value of temperature on a relative scale will be complete:  t1 = 50 (F and   t2 = 100 °С.

Situation 3. It is necessary to output the value of a difference of temperatures: t2 – t1, for example as in the fig. 64. In this case we can apply the usual rule of Mathcad. This rule is a change of unit К (or R) to °С (or °F) – to the second constant that we have defined.

The three above mentioned methods allow completely to realize work with temperature: input of a value of temperature by any of four scales, output of a value of the temperature, input and output of a value of a difference of the temperatures.

Relative scales meet in the engineering calculations not only during the work with the temperature. If we want to know what pressure of water was at 100 m depth, then we’ll obtain the reply: 10 atmospheres. But if we want to define any parameter of water pressure dependent, water density for example, then we have to input into the calculation not 10, but 11 atmospheres: to obtain absolute pressure we have to add atmosphere pressure to overpressure (relative one).

Relative scales are used, for example, in measure of length. The growth of an adult man was measured in vershoks (vershok:=7/4 inch) in old Russia. But when one said that some man has the growth of 12 vershoks, he had in mind two arshines and 12 vershoks (1 arshine=16 vershoks). Point is that the growth of an adult man as rule kept within the range from 2 to 3 vershoks (from 142 to 213 cm). That’s why two arshines were usually left out, using relative (relatively two arshines) scale of measure the length (this problem is described more detailed in the sketch «Mathcad and some secrets of literature» – http://twt.mpei.ac.ru/ochkov/Gerasim/Gerasim.htm).

The «tricks» that are used when you work with degrees Celsius and Fahrenheit (the prefix and postfix operators, the invisible symbol of the operator) can be applied for work with decibels (see fig. 64a).

Fig. 64a. Work with decibels
Bel is the common logarithm of the ratio of two-dimensional values and the second of them (denominator) is taken as some base. Decibel is correspondingly (see fig. 89) one tenth of the bel. Usually decibels are connected with the acoustic intensity, but they can be applied to any dimensional value. This way the value will be deprived its dimension.

See http://twt.mpei.ac.ru/ochkov/Units/Part_1_eng.htm too.

Tip 65. Two graphs of one function
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Fig. 65. Two Plots of one function
The question about points, on which the interval of construction of graph of the function of one variable is divided, is toughed in tip 29. The number of such point is given either by a user (see the first graph in the fig. 29) or by the system Mathcad (the second graph). The description of the advantages of the second technology is the main point of tip 29. In the given tip we’ll speak about the defects of automatic choice of the points’ number and about ways of solution this problem.

If a few lines, which visualize a few functions, are constructed at the same graph, then, as rule, they are registered in different ways. Usually the color is used for it in the screen of the display. But if it is necessary to print the graph but a printer is black-and-white, then we have to mark in addition the lines using circles, squares, criss-crosses
[8]. In the case when the points are near each other the marking signs can flow together in one line, which will look like the openwork lace (see the second graph in the fig. 29). On the other hand if we «disengage» the graph – to decrease the number of points, which form it then the quality of the graph will become worse (see the first graph in the fig. 65). Point is that the system Mathcad draws the line
[9]segments between the different points and because of it the graphs are serrated. The way out is showed in the same figure – in the fig. 65 where actually two graphs of the same function are drawn. The first graph (the argument x1) is continuous line without marking signs, but the second one (the argument x) is points without connecting line
[10].

Tip 66. Groups of the operators of a program
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Fig. 66. Groups of the operators of a program

Two methods of software-based forming of user’s function with the name ηt and three arguments P1, P2 and T1
[11], which returns … are showed in the fig. 66. But now we are interested in the form of the function but not in what the function
[12] returns, i.e. its content.

The algorithm of forming this function is very simple: the values of three local variables IT, Iн and q1 are calculated by line of the operators. The function returns the value of the expression, which is formed of these variables – (IT - Iн) / q1. In the first function all operators are written abreast
[13]. But in the second function all operators are grouped so that the separate parts of the program are the independent (see tip 30) notional blocks with commentaries – calculations of values of the main variables which are part of the «returnable» formula (IT - Iн) / q1. This increases appreciably the «readability» of the program. Apart the separate parts can be withdrawn for debugging and compilation. At the end of the fig. 66 this operation is executed about the variable x2.

Two functions, which are showed in the fig. 66, differ not only by their form but also by their contents. Point is that the call of the function hSS
[14] is duplicated in the different parts at the second forming of the function.  It is made with a view of independent debugging of the program’s parts.

Tip 67. Trace of search a minimum
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Fig. 67. Trace of search a minimum
The function minimum, which is created with the help of programming, is presented in the fig. 67. The function returns the coordinates of a minimum point of a function of many variables (its name is the argument f) and it begins the search with the initial approximation points (the vector X). The algorithm of search the minimum is very simple. From the initial approximation point according to all coordinates the step D is made (the third argument of the function minimum). In new places
[15] the values of the minimizing function are calculated. Where the function has minimum the crossing is made to this point; the given point becomes new approximation point of minimum, but all above-mentioned operations («probing» of the function close to the approximation point) are repeated. If it turns that all new values of the function increase close to the new point, then the step of search (D) will be decreased twice and all operation will be repeated again. The search finishes when the value D becomes less then TOL (the system variable of Mathcad, which regulates the accuracy of calculations).

The function minimum returns not only the vector of values of the variable where the function is minimum but also the matrix with the «history» of search. This matrix we have to transpose (МТ), to define the number of the last column (L) and to calculate it (М(L(). But such overload of the program is not vain. The simplest but nevertheless very effective tool of debugging the programs is observation the intermediate results (the main point of the tip): the traces of search the minimum of two functions: х8 + y6 and x8 + y6 + z6 are showed in the fig. 67.

Tip 68. Abortive trace of search a minimum
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Fig. 68. Abortive trace of search a minimum
It is possible to modify the function, which is showed in the fig. 67 – to add one more argument: maximum number of cycles of approximation to the minimum. The modified function minimum is showed in the fig. 68. The main point of the tip: when you debug a program, which has a high probability of circularity, then it is worth to limit the number of execution cycles. It is possible to take away the limitation of number of execution cycles and to insert as the formal parameter N infinity (∞).

Tip 69. Polylingual Mathcad-documents 
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Fig. 69. Polylingual Mathcad-documents 

Almost all commentaries are written in Russian in Mathcad-documents of the given book. It is reasonable as since this book is aimed for Russian-language reader
[1]. If a wish appears to expand the circle of users the programs then in this case there are three methods that, as a matter of principle, could be applied for Mathcad-documents:

1.      All commentaries are written for several times in different languages – in English, in Russian and etc.:

It’s a cone

Это конус
The main defect of such doubling is concrete operation system can not support letters of Russian alphabet. Apart the double note of the commentaries increase the volume of Mathcad-document and make worse its «readability».

2.      A few versions of the program are made and user choose the version that gives the best fit. This way the operation system Windows and MS Office (Word, Excel, Access) have national
[2] versions in addition to original English one. In this case as well it is possible to note the defect that connects already with that user quite often has to have both original and national versions. But very often these versions clash with each other
[3]. Apart users have the prejudice (very often it is well-founded), that the localization of a program increases number of mistakes in it: it is better to become familiar with English and to work with original version, where there are less mistakes than in national one
[4]. Waiting localization of the program reduces to that user is behindhand familiarization of modern software tools.

3.      If you come back the above mentioned operation system Windows, then we should note that it’s new version – Windows NM/2000 – does not have national localizations: when user install the program he only chooses necessary language of contact with a computer.

About this way our Mathcad-document is with help of which the volume of a cone is calculated (see fig. 69). At the beginning of the calculation user choose the language of contact writing in the variables Russian, English (France, Spanish and etc.) textual constant “Yes” or “No”
[5]. Starting from the choice textual constants are written in necessary language in the variables I, II, III (IV, V and etc.), which are nothing else than Roman numerals (see tip 15). Then with help of the operators «I =», «II =» and etc. are formed the polylingual dialogue between the program and user. Illusion of numbered points of the calculation is complete, only the symbol «equality» is instead of the symbols «bracket» or «point» which we have been accustomed in the lists but the commentary is in inverted commas.

Two marked areas in the finished document (formation of national commentaries and method of calculation) it is possible to slam (see tip 62). It is done on the lower part of the fig. 69 (Russian version of the dialogue with open areas).

 

 

Tip 70. Do not change the value of the variable ORIGIN
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Fig. 70. Do not change the value of the variable ORIGIN

In Mathcad, like in any other programming environment (or rather – in computer environment), да and even in day-to-day life there are a lot of defaults. A mother says to her son: «Alex, please go for some butter!» at that she passes over in silence that he has to take some money, bag and buy butter in the nearest shop (and so on and etc.).

The main default, touching with vectors and matrix (arrays) in Mathcad, is in the providential variable ORIGIN, which initial value equals zero. It means that initial («upper») element of a vector (left column and upper line of a matrix) has zero number. User has a right to break this default with help of two methods. In the first place it possible by the command Options... from menu Math to call the dialogue window Math Options with the laying Built-In Variables, where in the field Array Origin the user can change zero to another integer number (including negative numbers). In the second place it is possible to write ORIGIN := N in Mathcad-document, where N – integer number, negative or positive one. But it is better not to touch this variable at all trying to work with other ones. Generally speaking it is necessary to have two variables of the type ORIGIN in order to one of them keeps a number of a left column but the other – number of an upper line and of the first element of a vector. But if we use only one variable ORIGIN, then we’ll be able not to use this variable at all (see the name of the tip), or rather to forget about it at all.

As rule one changes the value of the variable ORIGIN from zero to one. In that way he stresses that the numeration of the vector’s elements begins usually from one but not from zero
[1] in mathematics.

If when you solve the problem and a vector is used then the numeration of the elements begins from one and it is necessary not to use the variable ORIGIN, but you have to try to fill zero element up something.

Famous puzzle «Hanoi’s towers» is solved in the document in the fig. 70. There are three sticks marked a, b and c. n mixed disk are stringed on the stick a in imitation of child’s pyramid: the biggest disk in the bottom of the stick but the smallest on – at the top. It is necessary to move this pyramid from the stick a to the stick c using the following rules: 1) one disk is moved for one step; 2) the stick b is used for intermediate warehousing of disks; 3) it is impossible to put a big disk on a small one.

The solution of the problem for three disks is shown in the fig. 70: the function PD returns the line of textual constants that mark the beginning of the game, the order of transposition and the end of the game.

Features of the program:

1.      In general case the number of transpositions equals 2n-1 – this number is noted in the variable p. The vector V that keeps the order of transpositions of the disks is created in advance. We need that its initial element has had the first number and has kept the direction of the first transposition. For this it is necessary to break the default and to write ORIGIN := 1. But we shall not do it (the main point of the tip), but we’ll fill zero element of the vector V up additional information about the beginning of the game (“begin”). For «symmetry» we’ll fill the last (additional) element of the vector up the message about the end of transpositions (“end”).

2.      The problem about Hanoi’s towers is solved with help of recursive call of the function PD: the problem with n disks is reduced to the problem with two disks; the second of them is the disk that consists of n-1 disks. For its turn the problem with n-1 disks is reduced to the problem with two disks, the second of them is the disk that consists of n-2 and so on. This way it is possible to «go down» the problem with one disk, which is solved simply – a-c. Hence there is recursion in the program.

3.      The solution of the problem about Hanoi’s towers in Mathcad is suggested by Константином Мамаевым from Барнаула.

Tip 71. Exclusion a number from symbolic conversions
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Fig. 71. Exclusion a number from symbolic conversions

The operator “:=” is used for setting numerical value of a variable in Mathcad (see tip 1). But sometimes it is necessary to make inverse operation – to deprive the variable of its numerical value as since it may prevent analytical transformations with help of the operator “→” – the reply will have number instead of symbol (see fig. 71):

There are three ways for solving this problem:

1.      Analytical transformations can be done in separate (subsidiary) Mathcad-document where all user’s variables do not have numerical values. Then you can transfer the results of the analytical transformations as separate mathematical insets, commentaries or pictures from the subsidiary Mathcad-document to the main one (see tip 63).

2.       In Mathcad there are tooling for deprivation a variable its numerical value. In Mathcad 6.0 PLUS the key word assume  was loaded with this function. In Mathcad 7/8/2000 Pro the “damping” of numerical value of a variable is done via the operator Vаг := Vаг that has no sense in the view of tradition programming languages (see fig. 71). The defect of this method is that the Mathcad-document is “soiled” by the operators that are not understandable for people who do not know all fine points of Mathcad. These operators can be concluded in an area (see tip 50) and then to close this area. But it can confuse even greater if somebody will try to display the document from a sheet.

3.      The variables that are used in numerical calculations and symbolic transformations may have the same names and can be written the same print (print, size and type), but at that they may relate to different groups of users (to different styles – see tip 52). This technology of parallel running numerical and analytical calculations is illustrated at the end of fig. 71: the variables of numerical calculations relate to a group (to style) Variables, but analytical ones – to a group User 7. At that for more clarity the name of the style User 7 can be changed to Symbolic, for example.

 

Tip 72. Archived vector
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Fig. 72. Archived vector

Very often initial data used for analysis are given as a few vectors. If the vectors are volumetrical (many initial points), then it is difficult to place them on a display for review and editing. One of the ways of solving this problem – “stowage” the vector in a matrix as if archived form.

The solution of one of the typical problem of regression analysis is shown in the fig. 72 – search of the coefficients of a function with one argument in the best way “crowded” to initial points (approximation with help of least-squares method
[1]). In general initial data have to be kept in two vectors X and Y, but for convenience of editing we have “pushed” them in the matrix XY. With help of the program our matrix XY “blossoms” out two vectors X and Y, which appear in the solution of the problem – in search of the coefficients a and b, incoming in the approximate equation.

Tip 73. Arguments of a plot – a vector

[image: image197.png]


 [image: image198.png]



Fig. 73. Arguments of a plot – a vector

In the tip 29 two methods of construction of the X-Y Plot graph in Mathcad were described – three-cycle and two-cycle processes. But in a number of cases it is possible to construct a graph for one step.

In the fig. 73 the X-Y Plot is constructed where not functions and arguments (variables) but the vectors are written near the axes x and y. Every vector has four real arguments. In the fig. 73 the problem about a win of an “old woman” on roulette from “Gambler” of F.M. Dostoevsky is solved graphically (see the sketch “Mathcad and some secrets of literature” – http://twt.mpei.ac.ru/ochkov/Gerasim/Gerasim.htm).

Tip 74. Two operators of input and solution of a system of the algebraic equations
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Fig. 74. Nautilus I

The attempts of solving the problem about the sizes of the submarine “Nautilus” from the famous roman of Jule Vern “Twenty thousand league
[1] under water” and “Mysterious island” are made in the fig. 74. If we take description of the submarine without assumtions and reservations
[2] (see the beginning of the fig. 74) then the problem is reduced to solution of two nonlinear algebraic equations with three unknowns. The solution of such (“underdetermined”
[3]) problem will be not simply three number (dimension of the submarine: diameter of the cylinder d, length of the submarine L and length of its crown Lc), but the dependence of two parameters of the submarine – for example the dependence of its length and diameter from its third parameter. Three points of such dependence are obtained in the fig. 74.

Main point of the tip: when you solve the system of the algebraic equations numerically then the values of all variables are given. At that one part of the variables is constants, the other part is unknowns of the system, which values are selected by the function Find such way that the equations would become the identities. It is worth to write this feature by corresponding not before the key word Given: the values of the constants are given by the operator “(”, but the values of the variables – by the operator “:=”. This way was dome in the fig. 74 in three attempts (methods) of calculation of the sizes of the “Nautilus”.  When the constant that is given by user by turns becomes one of the variables: d (diameter of the submarine – the first solution), L (its length – the second solution) and Lc (length of its bit core – the third solution).

Our three solutions in the fig. 74 are closed in the limits of the areas (area), that are ready for protection from editing (Lock) and/or for slam (Collapse) – see tip 62. Owing to it the solutions in the fig. 74 can be overlooked not all at once but only by turns on a display.

Tip 75. Compromise of form and content of Mathcad-document
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Fig. 75. Nautilus II

This tip is formed in development of the theme that has been begun in the previous tip, where we have solved the problem about the size of the submarine “Nautilus” of captain Nemo. Another two obtained solutions of this problem is shown in the fig. 75. At that the equations are simplified in the first solution but in the second solution on the contrary they are а complicated. These operations do not have an influence
[1] on the results of solution. However they can have an influence on understanding the main sense of the problem by user. “Some simplicity (simplification) is worse than stealing!” – this way we could call this tip as since the main point of it concludes in the following. It is not worth to simplify the formulas in Mathcad-document in the hope of “help” a computer to solve a problem. On the contrary it is worth to complicate the formulas for help a man to understand the main point of the problem and features of its solution. To simplify a formula (see the area with the name “Simplification of formula” in the fig. 75) it is possible with help of the command Simplify from menu Symbolic with following handmade revision. To complicate the problem (see the area “Complication of formula” at fig. 75) it is possible by three methods:

         formulas are “hanged round” with commentaries: textual embedding (the equation for the area of the submarine) or textual constants (the equation for volume of the submarine);

         the sum in the equation for the area of the submarine is written not as a line but as a column (for it we use the chord Ctrl+Enter, which inserts break of a page in “clear field but in formula this chord is the operator of addition in column);

Under the word Given there are two equations that explain a main point of the problem (geometry of the rostrum and stern of the submarine), that are turned off from the calculations
[2] (see the square in the right upper corner of the formulas) and that have become the commentaries. Turning off the operator from the calculation is good commentary (it is impossible to input mathematical operators in a text).

Tip 76. Units and the function Find
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Fig. 76. Solution of a dimension system of the algebraic equations

The feature of the solutions of the problem about sizes of the submarine “Nautilus”, shown in the fig. 74 and fig. 75 is that the units of physical values were used: length, area and volume (see also tip 16, tip 17, tip 21, tip 51, tip 61 and tip 64). The dimension allows, firstly, to control an accuracy of spelling of the formulas (for example, do not sum up area with volume) and, secondly, to increase “readability” of a solution of a problem by a man: not only 1 500, but also 1 500 m3 and etc. ( Tip without number, suggested itself: if a problem has physical values then when you solve the problem in Mathcad it would not be out of place to enable units). In the solutions shown in the fig. 74 and fig. 75, units could be used without any problems as since the arguments of the built-in function Find were the same dimension of length. But the problem about size of “Nautilus” can be expressed another way – for example, to find the length of the submarine and the cross-section area of its bit (crown) core. In this case it is possible to solve this problem with help of the structure Given-Find, for example, only if we reduced all values to non-dimensional ones with help of the method defined in the tip 36. If this was not be done then as rule, the calculation will be interrupted with misinform message that there are not correspondence with units though the reason of the bug was not in it.

All the same it is possible to solve a problem with different dimensions with help of the Given-Find in Mathcad. The solution of such problem is showed in the fig. 76: it turns out that a vector can keep the values with different dimensions but can not give them out to print. In this case separate scalars formed the vector are given out to print.

 

Tip 77. Vector of solutions from Find-function
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Fig. 77. Nautilus III

In the fig. 75 two solutions of the problem about “Nautilus” differ not only the way of writing the equations forming the solvable system (siplification – complication), but also the method of call the function Find, that returns the solution of the problem. In the first case (simplified formulas) the function Find is inputted in the output operator “=”
[1], but in the second case (complication of the formulas) – in the input operator “:=”. In the fig. 75 the choice of way of call the function Find have not had an influence on search of the result but in the example of the tip 77 – way of call the function has an influence very much.

In the fig. 77 the function Find returns not only one but a set of solutions (a matrix). For it is necessary to put down the value of a range (Range variable – “dummy vector”
[2]) but not scalar value in one of three constants (first approximation: in our case it is d – diameter of the submarine). This method is described in the Mathcad documentation but for the problem with one unknown. Point is that this method can be used if we insert the function Find into the operator “=”. The operator “:=” gives the bug here. Obviously it is concerned with that the solution is a Nested Array – vector which elements are new vectors. In the fig. 77 the transposition operator of a matrix and the function of horizontal mating of a matrix (augment) are used in addition for formatting the result. All these allowed to obtain the result as a tabular with the commentaries in a “hat” where there are explanations. It is possible draw a graph by the tabular data but we do it another way (in the tip 78).

Tip 78. Analytical solution the problem about Nautilus (once more about tip 26)
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Fig. 78. Nautilus IV

In the tip 26 it was recommended to try to solve a new problem analytically before its numerical solution. We have forgotten about this tip as since we began to solve the problem about the submarine “Nautilus” numerically (see tips 74, 75 and 77). But “it is better late than never”: the analytical solution in the form of three user’s functions conjuctive the sizes of “Nautilus” each other is presented in the fig. 78. The composition of the functions L(d), Lc(d) and Lc(d) is carried with help of symbol mathematics of Mathcad. Corresponding computations are covered by the area (Area – see tip 64), which is slamed (Collapse) in the fig. 78.

The main point of the tip. If some fragment of a Mathcad-document is executed then it is worth to hide it and to write the name of this fragment in the commentary. Reasons of such “concealments”:

        in our problem the symbol transformations are routine enough (solution of the equation and substitution) and bulky that’s why there is no reason to show them future reader;

        concealment of the areas of Mathcad-document makes the navigation along it more comfortable;

        sometimes it is worth to slam “inhibitory” drawing especially three-dimensional (see tip 56).

In addition in the fig. 78 the expression for L (d) it is possible to cancel on (, if we “take” this constant out the root. But it is better not to do it (tip without number), as since it can increase the probability of bringing a mistake when you’ll finish off the formulas manually.

Tip 79. Mathcad sheet and А4
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Fig. 79. Mathcad-sheet and А4

As rule when you print finished Mathcad-document is output on the paper of the format А4, situated before a viewer (reader) upright («portrait»). But in this case a problem appears quite often that concerned with some formulas of the document «creep» their «end» into the right (relative to user) side of the paper (its contours with truncated sides are painted on a display) and even into the right side of the display with relatively big (17, 19 inches cornerwise) size of a screen. Our tip will touch with the paper of a printer as since the problem with the display is solved simply: if there is no wish to use horizontal scrolling (rolling) of the screen then it is possible to decrease «buzzer» of the screen (zoom, loop – tool that you can find in the menu View and it is duplicated on the toolbar of Mathcad by the window with the figure 100%). It is also more or less simple with formulas input by user. If a formula has addition or subtraction then such binomial it is possible to write with division of the formula with help of the chord
[1] Ctrl+Enter, which breaks the document off two pages “in clear field”, but in formula – the chord carries a factor over to the next line (for example, see fig. 75). The chord Ctrl+Enter has begun to work only in seven version of Mathcad. Before it such function had special key button on the toolbar. But later on the key button was refused, the other words interface of a work with computer was unitized – the chord Ctrl+Enter “breaks” off the page in Word too.) Finishing the theme of “long” user’s expressions it is worth to mention about that the formulas behind the universe are simple and short: E = m c2, F = m g and etc. Some affectation is always present at “long” formula…

The second source of long mathematical expressions is not user but symbol mathematics of Mathcad. Analytical value of the determinant of a square matrix of size 3 on 3 is output in the fig. 79. Here are some tips how to «shorten» the results of work of the symbol mathematics of Mathcad:

         It is better to write coefficients of initial matrix in the form of simple fractions but not decimal fractions. In this case the decimal fraction with 20 signs (default) will not appear in the reply – if we refuse the arithmetic with floating point then the analytical reply will be much shorter;

         To make an expression not to «get out» the right side of the page it is possible if we decrease the size of variables and constants of the initial expression. It is possible to decrease the size of the “transformation” “temporarily” – in a point in tip-out of some concrete formula. But is possible to decrease the size permanently if we change the style of the variables and constants of the initial expression from Variables and Constant to some user’s one (User 1… User 7) with small print;

         Cardinal way of “abridgement” of analytical transformations is showed at the end of the fig
. 79. The analytical transformation “comes to a standstill” on the page, hence it can be freezed earlier – on the screen of the display if we change into a picture on which the transformation can be “shorten” with help of some graphics editor, PaintBrush for example.

The theme of the given tip (the problem of publication of Mathcad-documents) touches with not only paper of a printer but also… Internet pages (sites). In Mathcad 2001 new option of saving Mathcad-documents has appeared: Save As MathML – saving of a document in form of the format Mathematical Markup Language.

Tip 80. Three-dimension matrix
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Fig. 80. Three-dimension matrix

There are two types of union the variables in Mathcad – vector and matrix. Their analogues are one-dimensional and two-dimensional arrays in traditional computer languages. It is possible to create three-dimensional (and more) arrays in computer languages but we can not do the same in Mathcad. Point is that there are no problems
[1] to reflect on display or paper of a printer a vector («line») or matrix («square»). But it is (visualization of output) advantage of Mathcad. Three-dimensional matrix is a «volume». So the reflection of it on a display is problematical. But in Mathcad three-dimensional matrix may be deprived of its volume and presented as the vector, which elements are matrixes. Such vector (array) is possible and it has the name Nested Array in Mathcad: embedded (packaged) array.

Soft formation of such array is showed in the fig. 80. If for formation a vector or matrix is required one or two cycles with parameter then for formation our three-dimensional array (tensor) is required already three cycles with parameter. They are reflected in the fig. 80. As a result of scan the program the array with the name A is formed (it was better to write 3D-M – three-dimensional array (3D-array), but a name of a variable can not start with a number – see tip 15). This array is the three-dimension matrix with lines, columns and layers. This matrix was «stretched» so that it was reflected on a surface
[2]. As well it is showed in the fig. 80 ow it is possible to extract necessary element with coordinates i-j-k from the embedded array and to award it to the variable Ai, j, k. This variable is not the element of the three-dimensional array but the simple variable with textual index i, j, k: A.i, j, k.

Packaged array of the structure A can be the element of new array (four-dimensional matrix) and etc. The main thing is a computer has enough memory.

Tip 81. KISS Principle (by the example of least-squares method)

(Translation into English by Roger H. Faucher, M.A.T. ESL rfauch2001@yahoo.com)
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Fig. 81. Universal realization of least-square method

The KISS principle is not related to kisses, although it is easy to notice its application in computer use. KISS is an acronym for the English phrase "Keep It Simple, Stupid!" It calls for using the simplest algorithm possible when solving problems. The KISS-principle is a useful one to follow when working with any program. Certainly, this tip will reduce frustration among Mathcad users.

The solution of one of the most popular problems, approximation of tabular dependence by the least-squares method in Mathcad, is shown in fig. 81. For this purpose, there are special built-in functions in Mathcad: slope, intercept, line, linfit, genfit, etc… The more universal function is the last one listed– genfit (general fitting), which is applicable for any type of approximation function with any number of variables. There is only one defect of genfit – it's use requires a knowledge of partial derivatives of the approximation function. They can be found with help of symbolic mathematics. But that’s the trouble, since the variables of the approximation function have to be written as the elements of a vector (x0, x1 and etc.). But operators and commands of symbolic mathematics are not applied for such unknowns. Separately used, the genfit function hides the calculation and makes it difficult to understand.

As the title of the tip suggests, the problem can be solved more simply (KISS principle) and more visually if we remember that it reduces to a minimization of sum of squares points departure from a curve. There is corresponding built-in function Minimize in Mathcad 8 and in more recent versions. In fig. 81, the least-squares method is "clear" and it opens for study: We find the meaning of the variables b and k where a function with the name Σ[Δ^2] (sum of squares points departure required in the approximation curve) will be a miminun.

Here are a few more tips:

In fig. 81, there are no traditional commentaries as textual inset – commentaries frame five semantic areas of the Mathcad document. These areas can be reduced (Collapse) and protected from editing (Lock). It helps to work with the document. For example, the Solution region occupies many pages but the Answer region lies at the bottom. If we collapse the Solution region, then the initial data (two initial vectors) and the Answer region will be near each other. 

Renunciation of the use of the genfit function has allowed working with a vector X, whose elements have to increase optionally (the genfit function works only with the selected vector X). 

Two vectors of initial data (in matrix Gr) are situated aflat with transposition but not upright. It makes the Mathcad document more compact. 

In fig. 81, three approximate formulas are written. We can choose the necessary formula by the exclusion of two unnecessary ones (by marking off  the black rectangle in the right upper corner). Another way to exclude unnecessary functions is to put them in columns. The necessary approximation function can be switched into use if we carry it down the function’s column. Mathcad allows a repeated definition of one user’s function but it "works" with the last one. The third way of switching a necessary function may be based on changing the style of the function name. Apart from drawing attention, it is worthwhile to tint the working smoothing function. Other dominant operators could be tinted (e.g., initial data and the answer). 

The Criterion function, which is minimized in fig. 81 has an unusual name – Σ[Δ^2] that includes two Greek letters (Σ and 2), figure (2) and three special symbols ([, ^ and ]). This name is the abridgement of the function’s full name: sum (Σ) of squares (^2) points departure a curve (Δ). To distinguish from round brackets that frame arguments of the function, square brackets are written in the function’s name. Then, a function such as Σ(Δ^2)(b, k) has no competing similarities. 

Tip 82. Don’t use mathematics with floating point
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Fig. 82. Don’t use mathematics with floating point

The expansion program (two version) of sum of money (rubles and kopecks) to bank notes and coins is showed in the fig. 82. About this program we have told in tip 49, when we considered the translation program of Arabic numerals to Roman numerals and vice versa: Arabic numeral is sum of money, but its expansion to bank notes and coins is Roman numeral 255 = CCDV = 100 + 100 + 50 + 5. Algorithms of the programs «Roman – Arabic» (fig. 49) and «Cash dispenser» are absolutely the same. But… the first program gives the bug in the fig. 82, if initial sum of money includes kopecks (777 rubles and 77 kopecks, for example). The reason of the bug is in the feature of mathematics of real numbers
[1]: for example, if we subtract 0.1 from 4.1, then we can obtain not 4, but 3.9999… or 4.0000…1, i.е. everything except the creator of the program or algorithm plan to obtain. In the fig. 82 the second program works without bugs as it does not have real numbers (rubles and kopecks), but only integer numbers (kopecks): as usual the second argument of the function can keep both rubles and kopecks, but at once the introduced real value is transferred to kopecks by the first operator of the program – to integer number: Summa ( 100∙Summa. Hence we could give you the following tip – if during work you can do without real numbers that it is better not to use them. If, for example, we meet meters with fractional «end» in a program, then it is better to transfer them to millimeters at once (hours to minutes, minutes to seconds and etc.).

Tip 83. Pick out a formal variable
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Fig. 83. Pick out a formal variable

When you create some user’s function with help of programming tools or without them it is necessary to write the name of the function, to open a bracket, to write the name of one or several arguments (formal variables) dividing them by commas
[1], to close the bracket and to press “:” (the assignment statement; or “(” – global assignment
[2]), but then to write the expression or whole program where the formal variables appear (they are framed by  the brackets
[3]). One could ask if it is possible to change the value of the formal variables.  It is moot point but it is better not to do it.

The program of search the minimum of the function of one argument by the golden section method is showed in the fig. 83. It differs from the analogous program shown in the fig. 41 that the formal variables do not take part in calculations – they only serve for transfer the values to the local of the same name variables.

The author does not see some special sense in this tip but this method is beautiful and it returns the logic of work of all program’s variables: formal variable serves only for transfer the data to the program. The data are worked up with help of local variables. It would be rather well if we pick up a variable in the program-function so that it will be of the same name with the function and serves only for return data from the program.

Tip 84. User’s function with changing number of arguments
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Fig. 84. User’s function with changing number of arguments

Unfortunately it is impossible to create user’s functions with changing number of arguments
[1] in Mathcad as, for example, in С. However it is possible to simulate their creation. The example of creation of such functions you can see in the fig. 84 where two of the same name functions Root are created. These functions search  the roots of algebraic equations by two methods – the Newton method (two arguments: name of analyzable function and point of initial estimate) and half-division method (three arguments: name of the function, left limit of the segment of indeterminancy and right limit of this segment).

The secret of the program in the fig. 84 is two functions Root (their names coincide with attributes of the print – color, size and etc.) belong to different styles (group) of the variables. Actually they are different functions, but even the name of the style can coincide
[2] – Variables and Variables, for example.

The program in the fig. 84 has one more secret: the operators ≈ (approximately equal) and [image: image232.png]


 (“not approximately equal”) are used. We have already investigated the first operator (≈) somewhere in our tips – it is not built-in one but it is user’s operator that in advance must be defined in a program by user: ≈(a, b):=|a – b| < TOL. The second operator ([image: image233.png]


) must be replaced to complex one ((a ≈ b), as since in Mathcad there is not the possibility to create operators with non-standard symbols.

Tip without number. New unknown document has to be moved to View Region conditions. It allows to find the places where part of operators slam.

Tip 85. Mathcad + Maple = Mathcadaple
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Fig. 85. Work of the built-in function Maple in Mathcad

As we have told several times in this book calculus mathematics of Mathcad is not development of the firm MathSoft, Inc., but it is the purchasing of the firm Waterloo Maple, Inc. Who is developer of Maple. Calculus mathematics of Mathcad is (we have to use trite comparison) … top of an iceberg. But the “iceberg” is calculus mathematics of Maple: only ~ 10%  functions of Maple are accessible in Mathcad. And it is obvious. If the firm Waterloo Maple, Inc. passed (sold) MathSoft, Inc. All function, then it would be the end of Maple itself.

This and next (Tip 86) tip are the original attempts to dive from Mathcad to Maple and to look at “underwater part of the iceberg”.

Undocumented way of call the function solve is showed in the fig. 85. This function “fires” both sides: on the right through the operator “→” and gives analytical solution of the algebraic equations f(x), but on the left through the operator “:=” – numerical
[1] solution. This method we have already used in tip 3, when we combine analytical with numerical derivations  of the calculation’s results by the formulas. In the fig. 85 new is Maple’ s address to the function solve.

The operator solve is well-known for users of Mathcad (see, for example, the figures in Tips 10, 44, 74 and other). If we add to it the prefix l, then built-in Mathcad-function lsolve is obtained, aimed for solution systems of linear algebraic equations.

The work of “thoroughbred” Maple-function fsolve is showed in the fig. 85. It returns the solution of an algebraic equation in the form of floating-point  number (float – from this it follows the prefix f), but not in the form of analytical solution.

Main point of the tip: it is worth sometimes to call the Maple-functions directly. At that it is not worth to forget that undocumented method is fraught with complication.

Tip 86. Mathcad + Maple = Mathcadaple Pro
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Fig. 86. Mathcad + Maple = Mathcadaple

Actually this tip continues previous one, where routine problem for Mathcad (search of roots of an algebraic equation) is solved with help of Maple. But if you wish we can try to solve the problem that is absent in the list of solvable problems in Mathcad. It is more attractive than that we have considered in tip 85.

The work of the function from the arsenal of Maple-function lsolve in Mathcad is showed in the fig. 86. It returns integer (i – integer) solution of such equation as f(x, y) = 0.

Main point of the tip: if we wish we can widen both the list of functions for solution common problems (see tip 85) and the list solvable problems: to carry from Maple in Mathcad both new functions and solution methods of new problems (See the fig 86a too).

List of undocumented function of Mathcad

Tip 87. Expanded marking of a Plot

[image: image242.png]


 [image: image243.png]


 [image: image244.png]


 [image: image245.png]



Fig. 87. Expanded marking of a Plot

In tip 47 we have given you recommendations to put in variables as marker of Cartesian graph instead of numerical constants. It increases “mobility” of the graph: for example, if the marker’s line fixes a root of the function than the variation in the function itself will tell both on the graph and on the lines those fixe the root. Unfortunately in Mathcad we can construct only couple straight lines through the markers on the axes x and y. Apart markers’ lines can not be formatted – we can not change their color, thickness and other attributes that we can change of the graph’s line. Solution of this problem is showed in the fig. 87, where actually not one but five graphs are built: graph of the analyzable function, two vertical lines that fix roots, vertical lines that fixes local minimum and square point that fixes local maximum. The secret of the graph in the fig. 87 is in the notes in the middle of the axes х and y:

        axis y: y(x), y(x), y(x), y(x), ymax
        axis x: x, Rt1, Rt2, Min, Max

Apart the expressions are written in the places of the fixation of the graph’s dispersion of the axis x for whole closure the graph to its “interesting” points (roots and extremes):

        left side of the axis x: min(Rt1, Rt2, Min, Max) – 0.1
        right side of the axis х: max(Rt1, Rt2, Min, Max) + 0.1
After corresponding format of the graph the variations in the function у(х) will tell both on position of three vertical lines and one point and on the graph’s dispersion. So that all four “interesting” points do not slip out range of vision of user who analyses the function у(х). The main thing here is these points exist and were found by corresponding built-in Mathcad-functions root, Minimize and Maximize.

Tip 88. Sparse matrix in Mathcad
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Fig. 88. Two-dimensional approximation by sparse matrix

In the fig. 88 the program is aimed for approximation (smoothing) a tabular dependence of a function of two arguments: the function is given by user but the program gives its coefficients.

We have considered  the same function for solution one-dimensional problem in T tip 81: fig. 88.  But it evolution of the problem in the fig. 81 for two-dimensional problem
[1].

Initial tabular data are noted in a matrix M in the fig. 88. Empty places in the matrix are elements that equal infinity (10307) and have the style “in white and white” but not empty place of the sparse matrix (the operator of input the matrix M is duplicated on pink background so that all its elements were visible). When we decompose the matrix M on the vectors X, Y and Z the given “infinite” elements are ignored. So in the fig. 88 there are thirty initial elements in the matrix M (5 lines and 6 columns), but there 25 elements in the vectors X, Y and Z.

By this fig. 88 we finish the series of tips that touch the theme “Invisible symbol on the display”. Such symbol helps us:

        to have blank as the symbol of the sum operator
[2] (the tip 13);

        to introduce into calculations invisible functions and, for example, to simulate “Roman” arithmetic with help of them (the tip 19);

        to output the value of zero dimensional variable sine unit of measure (the tip 60);

        to work with degree Celsius and Fahrenheit degree without any problems (the tip 64);

        to leave out the description of Boolean constant in infinite cycle (see first function Root in the fig. 84);

        to add empty programming lines for separation the line’s group of operators  in Mathcad-programs (for it we write some numerical constant with the style “in white and white” on the line);

        to simulate sparse matrixes and vectors (fig. 88).

Tip 89. Coefficients for units

[image: image249.png]


 [image: image250.png]


 [image: image251.png]



Fig. 89. Coefficients for units of measure
The system of measure of physical values that is built-in in Mathcad is rather illogical. For example, in this program there are km, cm and mm (kilometer, centimeter and millimeter), but there are not units divisible by Pascal – unite of measure of pressure (kPa, MPa and etc.), though Pascal (Pa, Newton by square meter) is used very seldom without factors. Because of it user of Mathcad has to introduce auxiliary (user’s) units of measure of pressure (kPa := 103 Pa
[1], МPа := 106 Pа and etc.) and other physical values (ms := 10-3 sec and etc.). This problem can be solved if we introduce coefficients divisible by ten (see fig. 89) but not new units of measure. After it if we change unit of measure that is printed in addition to dimensional value (see tip 4) or during input of unit of measure we can put in multiplication of the factor on built-in unit, pouring them together (k(Pa ( kPa and etc.) by change of the multiplication sign (see the dialogue windows in the fig. 89) to absentee blank (No Space).

With help of this advise, running counter to tip 9, where was said that never it is worth to leave out the sign of multiplication we find new question: what does it mean mm? – it is millimeter or square mater (m(m, where product point (() is changed to absentee blank). Indeed such ambiguous interpretations meet not only in Mathcad: mkg – what does it mean? – it is microgram (mk(g) or millikilogram (m(kg) i.е. gram. Here it is better to write (g and everything will be clear. Kilogram is enough strange unit: it is one in “magnificent seven” SI (International System of Units) that is formed by form but united (main) by matter.

Remark. The problem of mm (see above) can be solved if we choose different styles for the first and second letter m (see tip 52): the first m is user’s constant 10-3 but the second one is built-in unit of measure of length (meter)
[2].

Tip 90. Vector of initial data and vector of answer
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Fig. 90. Vector of initial data and vector of answer
Very often during calculation in Mathcad it is necessary to create a function – program that would “take” multitude of initial data as the arguments and would “gave” the answer as set of constants. The solution of such by the following technology is showed in the fig. 90. Initial data
[1] (argument of the function W) are the matrix where the left column keeps the name of input data but the right one keeps initial data. When this matrix is presented as the argument of our function W, then the right half (in our case they are numerical constants) is “cut” by the operator M<1> . The elements of this right part are “shoved” about this program at once. The answer’s structure repeats the structure of initial data: the matrix is written on the last line of the program in the fig. 90. Its left column is designation (description) of outputted data but the right one is calculated data: textual and numerical constants. Now (see below part of the fig. 90) if we change initial data (analyzable water composition), then we’ll obtain new calculation data (water quality coefficient). If it is necessary to output only one numerical value then the function W has to be called with inferior index W(…)0,1 (hardness of water).

Tip 91. One-line-program
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Fig. 91. One-line-program
For increase the compactness of Mathcad-programs (for decrease the number of lines in it) it was recommended in tip 33 to write on one line a few operators putting them on the place of the vector-line’s elements (matrixes with one line
[1]).

It was impossible to place a few operators on “returnable” line of the program
[2], as since in this case the program returns the values of a few operators united in array but not the value of the last operator. This disadvantage can be the advantage: the apotheosis of the technology of decrease the number of line we can consider the program with … one line -array – one-line-program. Such program-function that solves our old problem about the volume of a cone (see tip 30, 35, 36, 37, 69 and etc.), which returns the values of all its local variables and commentaries to them is showed in the fig. 91. It is very convenient during program debugging. If it is necessary that the on-line-function returned only one (the last) value then it is enough to call it with specifying of necessary element of the matrix V(10, 15)3, 1 = 370.24.

Tip 92. Dimensional one-line-program
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Fig. 92. Dimensional one-line-program
The program-function shown in previous tip in the fig. 91 has one disadvantage: it can not work with dimensional arguments as since the matrix written on single program line can keep only non-dimensional values or equidimensional values. But in our case when we call the function the local variables have different dimension: length, square and volume. The solution of this problem is showed in the fig. 92: the variables of the program are deprived of their dimension owing to division by base unit of its dimension (in our case it is unit meter m). In the fig. 92 there is not one but two functions with the name V: the first is debugging one – its style is Local Vars and Funcs, the second is working function – its style is Variable: it withdraws necessary element from the matrix and multiply it by necessary unit of measure – by cubic meter. Our technology of creation user’s function with help of intermediate debugging function has one more advantage: additional control of correct dimension of the arguments is leaded in the program (see also tip 21 and tip 61).

Fig. 92a. On-line-function with alternative
Evolution of the problem about calculation of the volume of a cone is showed in the fig. 92а: for control the right of the ratio between the arguments the function if is inputted in it: the radius of a cone can not be more than the cone generator. Textual message “Yes” or “No” appears in the matrix of the returnable function – the answer the alternative question of commentary (“Is everything all right?”).

Tip 93. Trace of a cycle with help of taken up array
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Fig. 93. Search of the equation’s root
The function with the name Root is showed and tested in the fig. 93. It returns the root of the algebraic equation using the Newton method (tangent method).

Fig. 93a. Trace of a cycle with help of taken up array
In the fig. 93а the same program is rewrote so when you call it all “history” of search the root is visible: the counter of the cycle n is added, but the second of the loop body is changed to the assignment operator of the value to n-th element of the vector V, which the “history” of search the root keeps – x and y(x). Apart from the current values of the argument and the analyzable function either number of approximation step or the message “that’s enough” (if the condition of loop termination is executed: y(x) ≈ 0) is written in the vector V.

Tip 94. Program debugging and animation
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Fig. 94. Program debugging and animation

The program RK4 of the solution an ordinary differential equation (Cauchy problem) by Runge-Kutta method of 4-th level is showed in the fig. 94. Some operators (four operators in loop body for) are united for more compactness in the program: (see tip 33). The program is tested on such problem: х′(t) = x+x2/t3 on the segment х(0) = 1 and х(7) = ?.

To look at the variation the values of all local variables of the program RK4 we can as have been recommended in tip 93 – to write the variable values in arrays and to look through them after execution of the program. But it is possible to do it another way: to look through the values of the local variables during execution of the program but not after! For this it will be useful resources of animation of Mathcad.

Fig. 94a. On-line-program of Runge-Kutta method

The program RK4 modified in such directions is showed in the fig. 94а:

when we create the program we do not use the command Add Line (technology of on-line-program – see tip 91); 

in the cycle for as the last value of the parameter is written the system variable FRAME, that equals zero by default. But user can change its value from 0 to 100 and look through the values of the local variables of the program; 

the operators of the loop body for are written in the second column of the matrix. But in the first one there are commentaries. 

The streamlined program RK4 returns the values of all local variables given value the variable FRAME by user.

Fig. 94b. Forming of animation filmloop

It is known that the variable FRAME serves for creation animation filmloops and is the counter of frames. The process of forming the animation with help of dialogue window Animate that is called by the same name command from the menu View is showed in the fig. 94b. At that user points out:

         initial and last value of the variable FRAME (in our case they equal 0 and 100);

         speed with that the animation will be showed (in our case it equals three shots per second);

         the area of Mathcad-document by which the animation is created (in our case it is showed by dotted rectangle: user has enveloped in changing part of the matrix with commentaries by broach).

After the keystroke Animate of the same name the dialogue window in the fig. 94b 101 frame of the animation will be written: the values of the local variables n, t, k1, k2, k3, k4 and х at different values of the variable FRAME.

Fig. 94c. The animation filmloop during the program debugging

This animation filmloop is showed in the fig. 94с. It can be saved on the disk as avi-file. We can call it by press down Videofilmloop (see fig. 94а). Moving the slider of the player of the video-filmloop we can make the program RK4 to work “to all directions” – to increase and decrease the value of the variable n. It allows to lock in some mistake easily it was done during creation of the program.
Tip 94. Program debugging and animation
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Fig. 94. Program debugging and animation

The program RK4 of the solution an ordinary differential equation (Cauchy problem) by Runge-Kutta method of 4-th level is showed in the fig. 94. Some operators (four operators in loop body for) are united for more compactness in the program: (see tip 33). The program is tested on such problem: х′(t) = x+x2/t3 on the segment х(0) = 1 and х(7) = ?.

To look at the variation the values of all local variables of the program RK4 we can as have been recommended in tip 93 – to write the variable values in arrays and to look through them after execution of the program. But it is possible to do it another way: to look through the values of the local variables during execution of the program but not after! For this it will be useful resources of animation of Mathcad.

Fig. 94a. On-line-program of Runge-Kutta method

The program RK4 modified in such directions is showed in the fig. 94а:

when we create the program we do not use the command Add Line (technology of on-line-program – see tip 91); 

in the cycle for as the last value of the parameter is written the system variable FRAME, that equals zero by default. But user can change its value from 0 to 100 and look through the values of the local variables of the program; 

the operators of the loop body for are written in the second column of the matrix. But in the first one there are commentaries. 

The streamlined program RK4 returns the values of all local variables given value the variable FRAME by user.

Fig. 94b. Forming of animation filmloop

It is known that the variable FRAME serves for creation animation filmloops and is the counter of frames. The process of forming the animation with help of dialogue window Animate that is called by the same name command from the menu View is showed in the fig. 94b. At that user points out:

         initial and last value of the variable FRAME (in our case they equal 0 and 100);

         speed with that the animation will be showed (in our case it equals three shots per second);

         the area of Mathcad-document by which the animation is created (in our case it is showed by dotted rectangle: user has enveloped in changing part of the matrix with commentaries by broach).

After the keystroke Animate of the same name the dialogue window in the fig. 94b 101 frame of the animation will be written: the values of the local variables n, t, k1, k2, k3, k4 and х at different values of the variable FRAME.

Fig. 94c. The animation filmloop during the program debugging

This animation filmloop is showed in the fig. 94с. It can be saved on the disk as avi-file. We can call it by press down Videofilmloop (see fig. 94а). Moving the slider of the player of the video-filmloop we can make the program RK4 to work “to all directions” – to increase and decrease the value of the variable n. It allows to lock in some mistake easily it was done during creation of the program.
Tip 95. How we can help symbol mathematics
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Fig. 95. Help symbol mathematics of Mathcad

Symbol mathematics that is built-in in Mathcad has one defect – it runs to limits: it always tries to give all answers with absolute accuracy
[1]. Because of it an expression that is ready for working with help of tools of symbol mathematics, after carrying off the cursor (after order for execution the command of symbol mathematics) becomes red. But it is the indication of beginnings a mistake or additional specifying for user.

Such typical situation is showed in the fig. 95: user tries (point 1) to find roots of a polynomial of fourth power. Two tips effluent the situation in point 1 in the fig. 95:

         if an operator of symbol transform has become red, then it does not mean yet that the transform is possible: it is necessary to lead the cursor to the ablush operator (but many users of Mathcad do not do it) and to read carefully the error message;

         when you solve the problem with help of symbol mathematics it is worth to turn down one of “the absolutes” (absolutely all answers with absolute accuracy): in point 2 in the fig. 95 the additional operator float has allowed to find all solutions in the form of decimal fraction but not with absolute accuracy (in the form of analytical expression).

Tip 96. Style of variables of symbol transforms
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Fig. 96. Style of variables of symbol transforms

As rule the built-in styles Variables (for variables and functions) and Constants (for constants) are used in expressions that are ready for symbol transform. But sometimes it is worth to change the styles. What we can obtain it is showed in the fig. 96. The variables π and ε are constants and their style must be not Variables, but Constants. But in this case the operator float (transfer an expression to decimal fraction  with floating point) stops to work. This feature (or disadvantage) can become advantage: to make the selective operation of the operator float.

Tip 97. Type of a local variable of Mathcad
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Fig. 97. Type of a local variable of Mathcad

As rule traditional programming (С, fortran, Pascal and etc.) requires prior notice of a variable’ type that will be used in a program. Programming in Mathcad does not require such notice. BASIC  «dangles» between these two styles of programming: who works with it he can solve himself to tell the variables evidently by the special operator or to do it implicitly by the first assignation the variable numerical or some other value. In the second case BASIC-programmer can tell the type of a variable with help of suffix
:

А! – real of single accuracy; 

А# – real of double accuracy; 

А% – integer-valued; 

А& – “long” integer-valued; 

А$ – textual. 

If you program in Mathcad  it is worth to use this method. So the problem of solution an ordinary differential equation (Cauchy problem) by Runge-Kutta method of 4-th level is showed in the fig. 97. All local variables have suffixes that mark their type: real, integer-valued, textual.

The notice of the type of a variable with help of suffix purposes two objects in traditional programming: saving of memory of the computer and prompting for programmer about what the given variable has to keep. Certainly in Mathcad with help of suffix of a variable we can succeed in two object: variables with and without suffix in have one type – Variant in Mathcad.

Tip 98. Input of value the «recondite» variable
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Fig. 98. Input of value the “recondite” variable

This tip has the following history. When the author’s students got the routine calculation of engineering mechanics, they were very surprised as since sine of an angle but not the angle appears in the list of initial data. When it was told the lecturer he has surprised too and supposed that some meaning must be. “The meaning” was found after talk with another lecturer who had developed this routine calculation about thirty years ago – at that time when neither computers nor even  calculators  existed. It was necessary to calculate sin by input angle that’s why it was decided to lighten the student’s life – sin was angle was given but not the angle itself. Calculators and computers solved the problem of finding sin but the problem of input the initial data turned another side – we have to introduce into calculation not angle but sin of the angle.

The solution of this “problem” is showed in the fig. 98 in point 1: we can change the value of sin of an angle from 0.5 to another value  in the center of complex operator – new value of the angle will be written in the variable y. Actually we could write here y := asin(0.5), but described technology is used for more difficult problem in point 2. In principle it would rather well to expand the operator «:=» so that we can write the expression such as sin(y) at the left of it.

Tip 99. Local variable out of program
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Fig. 99. Local variable out of program

Upper part fig. 99 reproduces one of the typical mistakes when you create Mathcad-document and when link is made from one document to another
. The program is placed in the range that have the following names «Function for calculation the square of a tr-gle»
. This program forms the function Δ and the operators for tested it. Conflict between the variables a, b and c appears and it brings to mistake in the main document. For we can avoid these it is worth to use only local variables in the document aimed for introduction to another documents (or for we can refer to them). It is showed in low part of the fig. 99.
�[1] One definition of a science: It is satisfaction of private curiosity (knowledge of Nature) for the public (state) account. In modern understanding, science appeared in the beginning of XVIII century, when people began to mark out a separate base of knowledge of features of Nature that could be reproduced at any moment. Theoretical physics (chemistry, biology etc. and etc.) are successful and unsuccessful attempts of interpolation and extrapolation of experimental data (see, for example in tip 52).


�[2] All serious commercial programs are created by the large collective of the developers (authors' collective), but the innovative ideas that are the foundation of them, have their own authors.


� One says that it is simple to play a piano. It is enough to press the necessary key at the necessary time. And ingenious pianists are only a few because the Creator cannot serve all players simultaneously. Problems of diligence of the musician (programmer) shall not concern us in this text.


� Many tips in this book do not solve old problems but raise new ones that are connected with the use of computers in scientific and technical calculations.


� As rule mathematics is considered the gymnastics for the mind.


� Automatic links (hyperlinks) are introduced into electronic variants of the text of the book, where they are marked with color and underlining. If such a fragment of the text (it looks following way see tip NN) is «called» (mouse click), then the reader will pass to the necessary place (to the tip NN). Certainly, color found itself into the book but underlining remained. As we have already noted after the book is published (it was the request of the editor), the text of the book will be published on the Internet, where all hyperlinks will work and will simplify and speed navigation in the text. This footnote « the link about links» is the simplest example of a hyperlink: you dropped your eyes to the «bottom» of the page, and then you could return to the basic text. It is a pity that Word, where the text of the book was written, does not allow nested links – it is possible to make a hyperlink in a link. Certainly the author has used it. The author hopes that he does not abuse the hyperlinks. On the one hand, if we speak about the electronic version of the book, hyperlinks are very comfortable (you clicked with your mouse – see the link, and then click once more – you return without getting lost). On the other hand – we have common (flat) text of the book.


�[7] If there is «An Art for The Art », then there are «A Programming for the Programming» too.


�[1]??? There is used an English (Chair1) rather than Russian (I-ый стул) variable name for the Mathcad 8 pro symbolical mathematics is not capable of operating with such variables.


 


�[1] Scientific graphic is built-in in Mathcad. For example, business-graphic is built-in in Excel.


�[2] Right after Mathcad 2000 Pro one more package – Mathcad 2000 Premium – Mathcad and Axum was produced in one box (plus some changes and additions).


�[1] The operator solve gives the answer in the form of matrix, which has the same quantity of columns as the system has the unknowns but the quantity of lines equals the quantity of roots. The function Find is able to give an answer in more difficult form – in the form of embedded array (see tip 77).


�[1] This is not always. If, for example, when x < 0 a function either isn’t defined or returns complex values or has some other problems, then the graph will be constructed only on right part of the axis of ordinates.


�[2] Short-cut version of Mathcad 8 Pro, which is meant for reading of Mathcad-documents (mainly in Internet).


�[3] Advisedly the author illustrates Tips of the book by simple problems as he considers that it is impossible to give reader unknown algorithm and new program method at the same time.


�[4] The variable with the name l is not quite convenient as since it (depending on selected print) can be confused with one or with the Latin capital letter I. But the letter l has already fixed for marking some length in geometry: the word «length» begins with the letter «l» both in Latin (longetudo) and in main European languages. When you create Mathcad-document it is very important to give the variables that names, which were fixed after them during forming one or another scientific discipline long before computers. We’ll be able to work without commentaries at all in Mathcad-document if we mark right way the variables.


�[5] We forestall this Tip the Tip 33, where it will be said how it is possible to place a few operators on one line of the program.


�[6] Mathcad PLUS 6.0 is popular in out country because of russified version as well as because it works under Windows 3.x.


�[7] In Mathcad 2000 the command became to work either in text or only in formulas or in both places.


�[8] It is very comfortable when you work with the program – when you look into it, search errors, optimize.


�[9] It is possible to consider the program with a few operators on one line as «shrink-wrapped» one. To use the program it is necessary to «unarchive» it– to bring every operator on separate line.


�[10] These brackets will appear once more if the program, which was saved in Mathcad 8 Pro, we open in Mathcad 2000 Pro.


�[11] It is possible to lead cursor to the gap, to click right key of a mouse and to change the gap to some mulTiplication sign using the first command of contextual menu.


�[12] It became possible to use the symbol of «horizontal» division in addition to the symbol of «vertical»: а ( в. This operator has completely «legalized» in Mathcad 2001 – separate key has appeared for it in the toolbar of arithmetical operators.


�[13] To please followers of BASIC (^) and fortran (**) the exponentiation operator is duplicated. The given user’s functions are called in the form of infix operators in the fig. 34.


�[14] The vertical line in the fig. 37, which marks the beginning and the end of program block, is curved. It is made in process of rework of the figure for its compactness (see also Tip 52).


�[15] Or «across»; «along» is when one moves something across. But we move the break point «down».


�[16] In our programs in the fig. 38 the condition of the loop exit is minimization of the distance between two contiguous (scheduled) approximations to the root x1 ≈ x2. In it possible to choose the other condition – y(x) < TOL, for example. These conditions can be checked by turns – here is the loop with two exits from the middle.


�[17] In this case we have to assign the variable X1 such value so our loop will execute at least once without fail (imitation of the loop via t).


�[1] Here we have the same situation as in the programs in the fig. 38: control of the execution of the cycle is leaded by the value of the argument, but not the function: а ≈ b – the area of finding the root has narrowed almost till point.


�[2] Compatibility «botton-up»: the documents that were written in seventh version of Mathcad have to work in newer versions but inside out it is not obligatory.


�[3] Tip without number: it is worth sometimes to use the function Find for solution of the linear systems (instead of the function lsolve). For example, in this case it is possible to bring in physical values. More over the block Given-Find makes the solution more visual.


�[4] The function lsolve appeared in Mathcad not long ago. Before it the systems of linear algebraic equations were solved only with the help of the operator X := A-1 B, where А is the matrix of the coefficients of unknowns quantities but В is the vector of absolute terms. Tip without number: it is not worth to use new tools of Mathcad without special necessity. If it is possible to say it makes a calculation deeper in terms of compatibility with old versions of Mathcad. More over «old horse does not spoil a furrow» (see tip 66).


�[5] It is possible to do with the help of the command or the operator substitute of symbolic mathematics of Mathcad.


�[6] For example, under the name «I love you» (tip was written in May 2000, when virus of the same name raged in Europe and).


�[7] Mathcad very often «sins» such mistake – it breaks the execution of the program but gives not quite right built-in error report (see for example, point 2 in the fig. 45).


�[8] In Mathcad 2000 it became possible to «bring» text in the graph, which was written on free place of Mathcad-document in advance.


�[9] Certainly it is possible to introduce the Excel's graph in Mathcad-document. But we have come to the agreement that our tips are limited only by the tools of Mathcad.


�[10] Reader can make sure by sight of petulance of numerical calculation of the derivative, if he constructs, for example, the graph of the derivative of function of charge's calculation mentioned in tip 58.


�[1] It is software-based method of the realization of incognito; there is the hardware-based method – the sack with the cuts for eyes.


�[2] We give the surface out to be colored Cartesian graph – see the tip 23.


�[3] By default the color of the formulas is black, but the color of background is white: we write in black and white.


�[4] One of the ways to unlock other’s computers is the sending of «page»: the false dialogue window of the password inquiry. User who inputs his password thinks that he has mistaken and retypes the password. However the first inquiry does not disappear but falls into cracker’s (hacker’s) hands.


�[5] Built-in or user’s variable variables are in respect to calculus mathematics of Mathcad. As we have said above symbolic mathematics of Mathcad does not have units.


�[6] For use of visual methods the modified problem of А.P. Chehov «is attached» to 1998, when there were both «old» and «new» (denominate) rubles.


�[7] Among built-in units of Mathcad there are physical atmospheres (atm, or 760 torr) but there are not technical ones. But the technical atmosphere can be defined: at:= 1 kgf/cm2.


�[8] Capital Greek letter P (ро) coincides with way of writing of Latin letter Р. It may carry in some confusion in reading and in creation of the Mathcad-document from a «sheet».


�[9] It is possible to give the same names of two user’s styles in Mathcad. It may reduce to different kind of curious things.


�[10] This «classical» problem wanders from one to another version of Mathcad and illustrates the features of work with the given package. The author of this problem is John Truxal and it is marked in the documentation of Mathcad. Nobody has been awarded such respect.


�[11] Here the global assignment operator Sick1 ( ( is used– see tip 10. At the expense of it the answer and new approximation are «pulled» together.


�[12] In Mathcad 2000 it has been possible to mark the derivative of function by the accents (see the sketch «It is no trouble at all for us to build a Bridge » – http://twt.mpei.ac.ru/ochkov/Bridge/Bridge.htm).


�[13] «Do no put off tomorrow that is possible to do … the day after tomorrow».


�[14] In Mathcad 2000 it has been possible to check spelling using three dictionaries: English and two American ones (optimise or optimize).


�[15] Shareware is translated as «part of the goods », «part of program ». But it is impossible to translate this neology word for word – let’s remember, for example, the terms «software» and «hardware», which we can not translate word for word into Russian language.


�[16] This way a horse is hobbled, for it can pasture but can not run far away.


�[17] See for example www.mathsoft.com, www.softlinе.ru and the other.


�[18] Similar programs have the following prefix read-only. The «way out»: it is possible to save the created or rather modified programs … at the site Collaboratory (see its description in the sketch «Mathcad and Internet, or Network collective farm » – http://twt.mpei.ac.ru/ochkov/Collab/Collab.htm), if we mask them as new message. It is impossible to create new document in Mathcad Explorer but it is possible to take somebody else’s one and to calculate your problem.


�[19]Here «!» is not the symbol of the factorial operator but it is simply the exclamation mark (see tip 23).


�[20] The function sums the cubes of the ASCII-number of the symbols, which are come in the name of users. The author of shareware can develop and keep in secret his personal algorithm of generation of the registration number.


�[21] The author of the tip 56 is K. Orlov


�[22] Here we consider the old (till Mathcad 2000), «matric» method of construction of three-dimensional graph (see � HYPERLINK "http://twt.mpei.ac.ru/ochkov/Sovet_MC/049/" \l "Совет34" �tip 34�).


�[23] We meet with this problem when we construct the surfaces by the functions of properties of water and water steam (� HYPERLINK "http://twt.mpei.ac.ru/orlov/watersteampro/ru/index.htm" �http://twt.mpei.ac.ru/orlov/watersteampro/ru/index.htm�). At that the calculation of the point takes whole Saturday, Sunday and Monday – certainly we do not turn off the computer.


�[24] The author of the � HYPERLINK "http://twt.mpei.ac.ru/ochkov/Sovet_MC/049/" \l "Совет57" �tip 57� is K. Orlov


�[25] As a matter of fact both functions are called, but in the first case the function APPENDPRN does not work as since its name is empty space, but in the second case the function WRITEPRN does not work.


�[26] At the moment of publication of this book the function has become out of date – united tax rate of  13% has been brought in.


�[27] The main point of the term «unsavoury money» has changed a little in our time. In the old days money were considered «unsavoury» money if the tax had not been paid from them (gross, tare, net).


�[28] In Mathcad we can write only the operator of addition in the column. For it the chord Ctrl+Enter is used.


�[1] What moment – it is the single question. Certainly there is not such information in the documentation of Mathcad, as since the function time is not documented. But we’ll be interested in the difference between two such values, i.e. the time of execution of one or another part of the program, but not the absolute value. By chance the author «met the function time, when he checked up «availability» of the same name variable for keeping the user’s value according to the method, described in � HYPERLINK "http://twt.mpei.ac.ru/ochkov/Sovet_MC/059/" \l "Совет1" �tip 1�.


�[2] The other method of the commentation of an Area is described in � HYPERLINK "http://twt.mpei.ac.ru/ochkov/Sovet_MC/059/" \l "_Совет_88._KISS-принцип" �tip 88�.


�[3] The author has found very serious mistake in the slammed tool. If in the area there is the operator that is inserted using the command Math Region from the menu Insert, then such operator turns off from the work after we slam the area. As we have said above the mistake was corrected.


�[4] Symbolic mathematics (mathematics of analytical transformations) is enough «foreign body» in Mathcad. This way we can explain but not justify the fact that very little time is attended to symbolic mathematics in the given book.


�[5] Celsius is not simply widely used but it is mainly used in «human scale of measure «it is cold – it is warm – it is hot».


�[6] For we can see on the display it is possible to change the color of background from white to blue, for example.


�[7] The symbol «°» (degree) is inputted with help of pressure Alt+0176.


�[8] Lines on a graph can differ the thickness. But for identification the lines on the graph we do not need the quantitative differences (thicker – thinner) but we need the qualitative differences (if there are markers and what they are). One more way out is use dotted lines and the other lines with gaps. The firm-creator as it knew this defect in 2000-th version of Mathcad has provided for eventuality of marking the line on a graph by explaining text (or symbol – see the eagle in the figure of the bridge in the sketch «It is no trouble at all for us to built… a Bridge…» – � HYPERLINK "http://twt.mpei.ac.ru/ochkov/Bridge/Bridge.htm" �http://twt.mpei.ac.ru/ochkov/Bridge/Bridge.htm�). We have to refuse from the color on a screen of the display if potential user (viewer) is color-blind person: see the sketch «Color in programs» (� HYPERLINK "http://twt.mpei.ac.ru/ochkov/Color_in_Program/index.htm" �http://twt.mpei.ac.ru/ochkov/Color_in_Program/index.htm�).


�[9] For example, the package Excel is able to smooth the points.


�[10] This way the experimental points are marked on a graph.


�[11] The function name and names of its formal parameters, as well names of local variables have textual index. Their defect is that all mix up textual index with numerical one.


�[12] It returns cycle efficiency (coefficient of efficiency) of the simplest steam turbine cycle – the Rankine cycle, if it is interesting for somebody. By the way one of two units of temperature, which are built-in in Mathcad uses the Rankine name (see � HYPERLINK "http://twt.mpei.ac.ru/ochkov/Sovet_MC/059/" \l "Совет64" �tip 64�).


�[13] For compactness a few operators are written on one line (� HYPERLINK "http://twt.mpei.ac.ru/ochkov/Sovet_MC/059/" \l "Совет33" �see tip 33�).


�[14] hss is the enthalpy (h) of superheated steam. At the site � HYPERLINK "http://twt.mpei.ru/orlov/waterprosteam" �http://twt.mpei.ru/orlov/waterprosteam� reader will find collection of the functions, which return heat-transfer properties of water and water vapour. The main developer of the program is K. Orlov (� HYPERLINK "mailto:orlov@twt.mpei.ac.ru" �orlov@twt.mpei.ac.ru�) – the author’s student. He has done 55 % of work. This number is fixed during registration of the program. The other 45% of work are distributed between А.А. Аlexandrov (� HYPERLINK "mailto:alexandrovAA@mpei.ru" �alexandrovAA@mpei.ru�), А.V. Ochkov (� HYPERLINK "mailto:al@twt.mpei.ac.ru" �al@twt.mpei.ac.ru�) and the author of the tips (� HYPERLINK "mailto:ochkov@twt.mpei.ac.ru" �ochkov@twt.mpei.ac.ru�). The program WaterSteamPro™ is transmitted by the technology shareware (see � HYPERLINK "http://twt.mpei.ac.ru/ochkov/Sovet_MC/059/" \l "_Совет_55._Как" �tip 55�).


�[15] There are four of them in two-dimensional problem; there are six of them in three-dimensional problem and etc. It is possible to optimize the search of a minimum if we’ll keep in mind the previous point. In this case when we optimize the function of two variables then, for example, we’ll have to «probe» not four but only three points.


�[1] It is said if a man knows only his own language then he does not know any one. In the right way to perceive and love your own language it is only possible through the prism of intimate knowledge of strange language. In different time the «strange» languages were Greek, Latin, French and etc. Now the «strange» language has become English. In this respect English-speaking people are deprived: they do not have the «strange» language for study and compare with their own.


�[2] Mathcad has English, German and Japanese versions. In due time the version 6.0 was russified. The documentation of this version has been still selling in the form of the book of Mathcad.


�[3] Sometimes it is necessary to have different versions of Mathcad on a computer – 8.0 and 2000, for example. They clash with each other quite often. In this case it will be necessary to create bat-files and to start already them.


�[4] It is not quite so. When you localize the program it is tested willy-nilly: we hope that found mistakes are corrected.


�[5] How it is possible to automatize the choice of the language via use of the list (Mathcad 2001) is shown in the � HYPERLINK "http://twt.mpei.ac.ru/ochkov/Sovet_MC/069/" \l "Pic_01f" �fig. 1f� at the end of the first tip of the book.


�[1] To begin the calculation of a vector’s elements from one is European tradition, but from zero – American one. The other «mathematical» difference of the Old and New World is the marking of the imaginary unit: in our case it is i, but in USA – j.


«I have a comment about the TIP's footnote on the last line.  It's sometimes amusing to see that we don't always have the same idea of what happens in other parts of the world.  (1) In my experience, vector and matrix indices beginning with 1 are much more common than 0 in the U.S. although everyone understands that it's just an arbitrary choice. and (2) At least in the U.S., most engineers use j for sqrt(-1), while most physicists use i.»�Regards, Stan


�[1] We have solved similar problem in the � HYPERLINK "http://twt.mpei.ac.ru/ochkov/Sovet_MC/072/" \l "_Совет_52._Разделяем" �tip 52�, but it was not approximation, but interpolation.


�[1] From “Popular illustrated dictionary of history and geography” published in France last century in the article about league (une lieue) it is possible to know that in X century one league equaled 1 500 “Roman steps” (2 222 m). In XVIII century “post league” was 3 894 m, but “general league” was  4 445 m. The length of league changes “in time and space”. In the same XVIII century the league was 3 898 m in Turin, in Bern the league was 4 278 m, in Burgundy it was 5 169 m, in Provence and Gascon the league was 5 847 m and etc. In the second part of XIX century (when J. Vern had been writing its roman) the sea league equaled 5592 м in France and England, the astronomical one equaled 6418 m, but the metrical league (“simple average of all league”) equaled  4 km. That’ why followed the fuzzy-set theory the title of this roman we should read the following way: “Very many leagues under water”. But this  note could be considered as the continuation of the sketch “Mathcad and some secrets of literature” (http://twt.mpei.ac.ru/ochkov/Gerasim/Gerasim.htm).


It is possible to dispute not only about the length of the league but also about gender of this noun. In French the league is female – une lieue. In our note Russian word the league is neuter but the author is not sure in it. It is said that widely officer rank “lieutenant” comes from this word “the league” – “kept a place” (“span (league) of own ground”).


�[2] But assumtions and reservations may be the following: the submarine is not round straight cylinder with two round right cones along the edges, but it  is only something reminiscent this composite solid; the section of the submarine does not have to be round necessarily; it is not said exactly what area is meant: surface area of the submarine or, one might say, “living” area, area of inside rooms and etc.


�[3] “Underdetermined” problem we have in the sketch “Mathcad and some secrets of literature” (http://twt.mpei.ac.ru/ochkov/Gerasim/Gerasim.htm): when we calculated rubles price it was possible to use not seven but three algebraic equations. In “underdetermined” problem about the size of “Nautilus” we have two equations but we need three ones as since there are three unknowns.


�[1] Here it is possible to speak not about  qualitative, but about quantitative directions of the given numerical solution: about speed of search the reply and about its accuracy.


�[2] Disconnection of the operator is done with help of the command Disable Evaluation in contextual menu pulldown by click on right key of a mouse.


�[1] In addition the reply was transported for it became more compact. We’ll be back to this method in the given tip. Transportation makes the note not only more compact but also more “logical”: the variables (L, LЦ) are written “aflat” – as well we obtain the reply “aflat” – (80.03 4.75) m.


�[2]  It is the author’s opinion that “dummy vector” is Range Variable. One the one hand this variable unites scalar values as a vector does. But on the other hand it is impossible to refer these scalar values via index (“non-index vector” is one more name).


�[1] Or rather with help of grace-note. Key of a chord are pressed at once. At grace-note at first one key is pressed and kept and only then the other one is pressed.


�[1] Without peculiar problem – see � HYPERLINK "http://twt.mpei.ac.ru/ochkov/Sovet_MC/080/" \l "Совет8" �tip 8�.


�[2] Students make similar structure for exams – crib- pleats.


�[1] This is the feature not only Mathcad, but all software tools of calculus mathematics.


�[1] Tip without number: a few argument we can change to one argument in the form of a vector or even matrix. You can compare: f(x,y) := x2+y2 and f(x) := (x0)2+(x1)2. Limitation is by the second note: when you call the function its arguments (elements of the array) must be either the same dimensionality or non-dimensional values. Apart we can not apply some tools of calculus mathematics for the second function. For example, we can not partial differentiate by one of the index variable.


�[2] Possibility of global assignment (see Tip 10) is not logical here: as rule, a function is defined at the beginning of the calculation that it would be “visible” at  the rest part of  Mathcad-document.


�[3] These variables (the function’s arguments) can disappear there (y(x) := 0, for example). Honestly speaking corresponding diagnostic message for error would be superfluous here. Very often we have the following situation, that some user writes one number of arguments but uses less number of them. “Die Ordnung mu( sein!”


�[1] It is not quite right. In Mathcad it is possible to create the user’s function sine arguments: fuser := F(f1built-in, f1built-in…). At that if the built-in functions have changing number of arguments (Find, Minimize, Maximize and other), then the user’s function has changing number of arguments too.


�[2] This may be considered both as the defect of Mathcad, and as the hole through which we can “carry” the focus shown in the fig. 84.


�[1] Such illusion appears when you look at the third operator in the fig. 85. In fact the analytical solution is carried in the variable Roots. Then this analytical solution “is quantified”, i.е. outputted by the operator “=” in the form of floating-point  number.


�[1] Solution of two-dimension problem interpolation with help of spline is showed in the fig. 52.


�[2] This is user’s method. Built-in method is the blank instead of multiplication sign (see the tip 9).


�[1] кПа:=103(Pa, if we have in mind Russian user of Mathcad.


�[2] These m can be painted in different colors, but it will be too variegated.


�[1] The problem about water quality coefficients by its ionic composition is solved (see labels on different mineral waters), if somebody is interested in it. Here (as in all other tips of the book) the main point is to understand the method of solution the problem in Mathcad but not the problem itself.


�[1] Alternative method is placing the operators on one program line on the place of product’s efficients. Apart in Mathcad 7 Pro it is possible to place a few operators on one line dividing them by commas.


�[2] As rule this is the last line of the program. But exclusions can be when the operator is “taken” out of the program by the operator return, for example.


�[1] Calculus mathematics of Mathcad is more “inclined to compromise” – it gives one answer from many existent with limited accuracy.


� Programmer can tell the type of the variable with help of prefix: int_A – integer-valued variable, real_A – real and etc.


� These two technologies pursue one object but they differ from each other a little. User’s functions and the variables of the main document  Во внедренный документ «get» in interstitial document, but in the document where we refer – no.


� Abbreviation connects with limitation of the range’s name 32 symbols.





