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This problem is probably better suited for the PTC Mathcad

Community Page
(http://communities.ptc.com/community/mathcad), but I'm going

to post it here anyway, just because | think it's a cool problem.

A math teacher wrote to us asking about the following problem.
In case you want to solve it yourself first, I'll just show the
problem before | talk about his specific question.

‘ 2 1
Find ‘X for: = Y|
z?—z®—6=0

To prevent you from seeing the spoiler, scroll down to see the specific question.

So if you solved this problem, you'll know that it has two solutions. ‘X’ can be 27 or -8. You
can check that it's the answer by plugging in the values into the equation above. The
aforementioned math teacher wanted to double-check his results with Mathcad, so he plugged
itin and got:

2 1 !
3 B0lUeE

z®—2*—-6=0 > 2T

Hmmmm, well, that’s suspicious. Why is there only one answer? | tried using a solve block,
hoping to force the second answer by using an initial guess close to the - 8 root that | want, and
| still only get 27.
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forie0..x
it mod [i,2)=0
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What's going on? Just to make sure I'm not losing my mind, | made a quick substitution:
1

y=a’

And this gives me: 3% _ 9 6=0——

solve {_2 l

As expected, | get two answers here. And because

1
3, then w:yS ,and | get:
x

This is what | expect. So what's wrong with the original method? Let's see what happens

when we define a function, F:

] 1

F(m]::ws —2%_6
Plugging what we know the roots to be, we get:

F(—8)=-9+1.732
F(27)=0

So F(27)=0, as we expect. But F(-8)is..., what? Complex? Let’s probe a bit deeper.

1

Vos=—2_,(-8)°=1+1732

So even though you expect the two expressions above to be the same, they're not! Using the
radical sign gives you -2, and using the fractional exponent gives you a complex number. If
we take those two results and include the complex conjugate of the complex result, we see
that cubing each of those will give you -8.

1+1.732:¢ —8]
rootz=| =2 roots® =| -8
1-1.732¢ —8

That is to say, -8 has three cube roots, which we would expect. [NB: | now use ‘root’ in a
different sense. | am no longer referring to the roots of the function, F, but to a number, in this
case, -8.] The issue is that depending on the notation we use to find the root of a number,
Mathcad might return different results. Using the fractional exponent notation gives us the
principal root. Using the radical sign gives us a real root, if one exists. For a refresher on
roots, see Wikipedia (http://en.wikipedia.org/wiki/Nth root). Of course, when the principal root
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is real, then the results are the same. That is why the two notations will be equivalent for all

positive numbers. For negative numbers, it depends!
1

1
(-4)° =2i (-8)>=1+1.732i
V—4=2i V-8=—2

As you see here, the left-hand side example gives the same root as there are no real roots.
The right-hand side example (as seen in our problem) returns two different results.

So going back to the original problem, is there a way to get the two roots (of the function, F)

without having to break the problem into two with substitution? Well, if you know you are
looking for real roots, then use the radical symbol.

(3\/;)2 _3\/;_(3:0 solve [—8.0}

27.0

And the solve block will also now return the negative root, depending on the initial guess.

_é. x:=10 _g- ri=—10
S
@ o
. 3 2 3 *u;‘:'j 3 2 3
= \/‘:1? —\/;1:—6=0 <! \/w —\/a:—6=0
%_ Find(z)=27 u%_ Find (x)=—8

Now you’re probably thinking to yourself, “Wow, that was a lot of work to find the answer to
what seemed like a relatively easy problem!” A better way to think about it is that Mathcad is a
great tool, but it does not necessarily and automatically make you the know-it-all engineer or
scientist. You still need to have an understanding of the problem and therefore, a rough idea
of the answer you are expecting.

As the math teacher pointed out, he was using Mathcad to verify his work, and in doing so,
stumbled across an interesting implementation issue (using fractional exponents to take
roots). For him, understanding the problem (and the results) allowed him to understand better
how Mathcad operates.

Worksheet (http://communities.ptc.com/docs/DOC-3447) used to generate the images.
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2 Responses to Getting to the Root of Things....

Virgil PANUS

February 7, 2013 at 7:57 am | Permalink (http://blogs.ptc.com/2013/02/07/the-root-of-things/)
“For him, understanding the problem (and the results) allowed him to understand better how Mathcad

operates”.
So, we need to be at least math teachers, in order to discover how Mathcad operates?

You just told us that Mathcad does not calculates correctly = the results are different for the same

equation which is written differently?

In this case you should make Mathcad Prime opensource and freeware.

No money = no responsibility.

Reply (/2013/02/07/the-root-of-things/?replytocom=3999%#respond)

Roger Yeh @ PTC (http://rvehptc.wordpress.com)

February 7, 2013 at 10:02 am | Permalink (http:/blogs.ptc.com/2013/02/07/the-root-of-things/)

| would word it differently. | don’t expect Mathcad to make you a math expert. This problem is an

example where knowing the math helps you realize that Mathcad may not always behave the way you

think it might. Maybe | should have said:

“...understanding the math allowed him to better understand some of the intricacies of Mathcad.”
Even though the two representations return different results, that's not Mathcad being wrong. You
could say Mathcad is being inconsistent. (You could argue inconsistent is wrong.) Ideally, you might
expect Mathcad to return all the roots. But from a usability standpoint, that may not be the best

approach either.

Reply (/2013/02/07/the-root-of-things/?replytocom=4004#respond)

Virgil PANUS

Your comment is awaiting moderation.
February 10, 2013 at 6:52 am | Permalink (http:/blogs.ptc.com/2013/02/07/the-root-of-things/)
“Ideally, you might expect Mathcad to return all the roots.

But from a usability standpoint, that may not be the best approach either.”
OK. In this case | kindly ask you to add to Mathcad documentation the functions for which
Mathcad does not give the complete resuilt.

Thank you.

Reply (/2013/02/07/the-root-of-things/?replytocom=4032#respond)
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