The Role of Mathcad in Engineering Education

valery Ochkov,Elena Bogomolov&Mati Heinloo,’Tanel Targla

National Research University "Moscow Power Engiitegmstitute”
“Estonian University of Life Sciences

Correspondencédati.Heinloo@emu.ee
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Introduction

Everyone wants to solve a math problem the best Bay many of us are
mistaken in thinking that for sure they will escafpee difficulties if they solve
problems using mathematical package (for exampkght&d or other). Mathematical
package is just the best assistant in computingl@nts but not self-sufficient object.
That's why without an understanding of the natund &ehavior of each built-in
function or operator the full success in the decistan’'t be achieved. Of course,
someone can hammer a screw into the wall not krpwinat he needs to use a
screwdriver. But can we say, that the work is wiglhe? We don't think so. Was the
calculation performed optimally, if it was done dpitrarily selected means? We think
that is unlikely. Many problems in mathematics, §ibyg, chemistry, and other school
and university subjects are reduced to solving tops and systems of equations.
Therefore it is useful to learn what tools of sotyisuch problems there are in package
Mathcad, which is very popular among pupils, stasleengineers and scientists. These
tools are combined into a group "Solving" among Ilidt-in functions of Mathcad.
They use different numerical methods. In Mathcagdis can find out the name of the
method if you right-click the name of the functidn.addition to numerical methods
Mathcad implements the analytical method of solvéngumber of problems. We'll
describe these tools using simple school probldmstahe movement of boats on the
river.

1. On symbolic solution of equations by using the keywrd “solve” of Mathcad

Let us consider the following physical problem: Atorboat drove down a river the

distancel = 10km and then back to the starting point. Full traveketwast = 105 min.
Calculate the velocity of river flow, if it is known that the speed of the boat inl stil
. km
water isv = 1ZT
The travel time down the river ;r]si—x and up the river isvf—x. If total the time
of moving a boat i, then the equation for determine the velocity = aiiver flow is
L + L =t (1)

v+x V=X



Figure 1 shows the symbolic solution of this prablen the worksheet of
Mathcad 15
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Fig. 1. Symbolic solution of the problem on the kabreet of Mathcad

As the velocity of river flow must be> 0 then from equation in Fig. 1 one can get that

. . . Jtv(tv—-2L . . .
the required velocity iz = % Fig. 2 shows the numeric result according to
symbolic solution
. _ km
h := 600nin L := 10Em t := 1051nin V= 12E-Ih—
VN - 20) km
x= YT x= 26195
t

Fig. 2. Numeric result according to symbolic salati

The question is why we need to use the numericahenaatics in Mathcad if the
problem can be solved simply and beautifully whie help of symbolic mathematics?
Clearly, the symbolic solution is aimed to get @dissible solutions in the form of
formulas (absolute accuracy!). But with more cowcgied equations, it is often not
possible, as is shown in Fig. 3 and 4.
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The symbolic result returned is too large to display,
but it can be used in subsequent calculations if assigned
to a function or variable.

Fig. 3. Attempt to solve more complicated equation

Fig. 4 shows that symbolic solution may not benfibout at all
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[No solution was found.]

Fig. 4. A case, when the symbolic solution is rofrid

If into the constants of this "non-physical® eqoati we substitute
dimensionless numerical values, at least one oadlaf this equation can be find out.



Fig. 5 shows the graphical and numeric solutionscfationy(x) = 0, wherey(x) =
L+ Lt L=10000f= 6300y ==
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0.91753907432064754652
—-0.100727454910759312730.50447307772368065275i
y(X) = 0 solve,x - |-0.1007274549107593127%30.50447307772368065275i
-0.358042082249564460531.432067 6622180746711
-0.358042082249564460531.4320676622180746717i

Fig. 5. Solution of the equatioiix) = O graphically and numerically

Fig. 5 shows that the equatig(x) = O has one real solution in the segment [0@)], 1.
and 4 complex solutions.

2. On using the function root(y(x), x, a, b) for solving equations

Fig. 7 shows that specification of the solutionusyng function root{(x),x,a,b) that is
coincide with real solution
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x = root(y(x),x,0.8,1.0) = 0.91753907432064030 y(xX) = —2.001x 10 -+

Fig. 6. Specification of the solution of equatigr) = 0, whenTOL = 10° by default

The accuracy of the solution depends from the valueariableTOL. By default is
TOL= 10° The value ofTOL can be redefined on the worksheet. Fig 7 shows the
solution withTOL = 10"
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x:=root(y(x),x,0.8,1.00 = 0.91753907432064740 y(x) =0

Fig. 7. Specification of the solution of equatig®) = 0, whenTOL = 10™

sin(x)

Fig. 8 shows the graph of the function(x) = —
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Fig. 8. The graph of the functioxx)

Fig. 8 shows that in the segmeat b], wherea = 2 andb = 7 the equation
y(x) = 0 has two solutions. Fig. 9 shows that the functiooty(x), x, a, b) can't
determine these solutions, because the fung{igrhas the same sign at the end points
of this segment

rmr(}'(x}_.x_.l_.;-‘b =11

|The function values on the end points must be of opposite signs. |

Fig. 9. An attempt to solve the equatigr) = O in the segment [2, 7]

Let us consider the segment [1, 17] the functip®) has different signs at the
endpoints of this segment. Fig. 10 shows, thahig ¢ase the function rootf(x,a,b)
returns only one solution 9.425.

root(y(x),x,1,17) = 9.425
Fig. 10. An attempt to solve the equatigr) = O in the segment [1, 17]

4. On using the function polyroots(v)

If in the equatiory(x) = O the functiony(x) is a polynomial then it is possible

find all solutions by using function “polyrootg{, wherev is the vector of coefficients
of the polynomial. Let us consider again the ratldianction (x) = ﬁ +ﬁ —t=
px)

v2_x2 "’

and p(x) = 0 have identical solutions. Fig. 11 shows th&ng of function

“polyroots{)”, whenL = 10000t = 6300,y = ? .

where p(x) = 2Lv — tv? + tx? is quadratic polynomial. Equatioy§) = O
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Fig. 11. Solution the equatiqufx) = 0 by using functionpolyroots(v)”
5. On using solve block “Given-Find”
Let us consider the first problem: From two pomstle straight sectiobh = 10

km of the river towards each other simultaneouslyadepvo boats. They meet at
distanced from the port 1 dividing the distantebetween the ports of the river in the



golden ratio [2]% = %, wherel — d # d. Find the distancd. The solution is in

Fig. 12.
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Fig. 12 Finding the distanak

Fig. 12 shows two solutions. Only the first of thé&82 km) fits us. The
second solution (26.18 km) lies outside the comedieegmenit = 10 km.

Second problem: Find the speed of the second\baaid the rate of flow of
water in the river when they meet at distance a (found out in theé irsblem), if the

velocity of the first boat i, = 12’%" , the distance between the portd is 10 km
and the movement time is= 30 min. This problem models the following simptesar
system of equations:

tvyy—v)=a tlw,+v)=L—-a (2)
where from the first problem = @ The symbolic solution of this simple system

of linear equations on the worksheet of Mathcadifing solve block “Given-Find” is
presented in Fig 13
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Given t|vi-v)=a t|vy+ vi=L-a Find(v_;_.f) -

N3-L=-3.L+2tv
Fig. 13. Symbolic solution of linear system (2)using solve block “Given-Find”
From Fig. 13 it follows that the solution of theopfem is

L-tv V5L-3L+2tv
1 — 1
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Numeric results are presented in Fig. 14

L - th 5L — 3[L + 200
Vo = t V= ve - Vo = sd? V= 4.36]d<th
2

Fig. 14. Computation of numeric result on the wheet of Mathcad

VU, =

There is possible also direct numerical solutioig.(E5) of system (2) by using solve
block “Given-Find”. In this case the initial valués unknown parameters andv are
needed.
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Given t|vj-v)=a tl\va+v)=L-a | *|:=Find|v;,v)=| |.—
\v ) \ -1361 /
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t(vj=v)—a=9095x10""m t(v;+v)-L+a=9.095x10""m
Fig.15. Direct numeric solution of system (2) oa thorksheet of Mathcad

In direct numeric solution of an equation or syst#requations with the solve
block “Given-Find” the accuracy of solution may éep on value of the parameter
CTOL. By defaultCTOL= 10°. The value ofCTOL can be redefined directly on the
worksheet. The site http://communities.ptc.com/egi@472 shows visually the search
of solutions of a system of two nonlinear equatibgsmethod of Newton. The site
http://communities.ptc.com/videos/2418 shows how thitial values influence the
solution. Details about using the solve-block caridund in [1].

6. On using function Isolve(M, v)

Equations (2) can be written in the matrix fori (1;2)=V, where

M= (_t 0), V= (a __tzljl). Fig. 16 shows the solution the system of linear

t t L
equgtions (2) by using functideolve(M, v) and by using inverse matrix
7o\ /7 N\ & N\
(v " [ S L = _ , S L 3
|| = Isolve(M V) = | |2 M ly=| | =
\v ) \4.361) h \4.361 ) h

Fig. 16. Solution of the linear algebraic systentl@worksheet of Mathcad

7. On using function “Minerr (x, y,...)"

If the solve block “Given-Fintl can't solve the system of equations, it returnsraor
message. The solve block “Given-Minerr” returns tkelution or the last
approximation with minimal quadratic error for teelution. Let us consider function

y(x) = %+ % x2. In Fig 17 the solve block “Given-Minerr” foundehminimum

value of the functioy(x).
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Initial valuex := 20 Given y(x) =0 x:= Minerr(X) = 11.856 y(x) = 12.651
Fig. 17. Determination of minimum value of functipfx)



In Fig. 18 the solve block “Given-Minerr” found otlte solution of equatioy(x) = 0.

Initial valuex := =20 Given y(x) =0 x:= Minerr(x) = -14.938 y(x) =0
Fig. 18. Determination the solution of equatygx) = O
Conclusion

If one is solving a standard and not very signrftgaroblem, then you need not
waste time on the selection of the correct metiBud.if you are a serious researcher,
you'll make the best choice. The best outcome getawommon symbolic solution. It is
important to understand why very often we can'vesdhe equation symbolically and
how we can and should help the computer to soleestfuation, whether symbolically
or numerically. In order to successfully solve traihool assignments or professional
tasks with the help of computer pupils, studentgjiresers or scientists need to learn
the solvers of Mathcad as well as the propertiesunfierical, graphical and analytical
problem-solving techniques.
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