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Instructions for translators

1. Open this file on GitHub server. If you see https://um.mendelu.cz/. .. in URL, click View on
GitHub to open this file on github.com.

2. If you see this file on GitHub server, you can edit the content of the file. Open the file in an editor.
You can use simple editor (pres e on GitHub). However, an advanced VS Code editor (press . on
GitHub) is better, since it provides preview how the Markdown code renders. Alternatively press
pencil for simple editor or press triangle next to the pencil to get access to VS Code described as
github.dev.

3. Fix the keywords in the preamble.

4. Depending on which language version you want to use as a source for your translation, delete
either English or Czech version below.

5. Translate to your language. Keep Markdown marking and math notation. If you use a tool to get
first version of the translation, make sure that the markup is preserved.

6. In VS Code you can open the preview in another window by pressing Ctrl+V and X. Keep the
preview open as you work, or close using a mouse.

7. Instead of saving, you have to commit and push the changes to the repository. Fill the Message
under Source control (describe your changes, such as “Polish translation started”) and then
press Commit&Push.

8. Make sure that your changes appear in the commit history. In rare cases (if you work with si-
multaneously with someone else) you have to download /Pull/ and merge his and yours changes.
Usualy Sync (Pull & Push) should work.

9. When you finish the translation, change is_finished: False in headerto is_finished: True.

Instrukce pro prekladatele

1. Otevrete tento soubor na serveru GitHub. Pokud mate soubor otevfen na https://um.mendelu.cz/. . .,
otevrete jej na serveru github.com.

2. Pokud tento soubor vidite na serveru GitHub, mizete obsah souboru upravit. Otevfete soubor
v editoru. Miizete pouzit jednoduchy editor (stisknéte e na GitHubu). Lepsi je vSak pokroéily editor
VS Code (stiknéte . na GitHubu), protoZe poskytuje nahled, jak se kéd Markdown interpretuje.
Ptipadné stisknéte tuzku pro jednoduchy editor nebo stisknéte trojuhelnicek vedle tuzky, abyste
ziskali pFistup k editoru VS Code popsany jako github.dev.

3. Opravte kli¢ova slova v preambuli.

4. V zavislosti na tom, kterou jazykovou verzi chcete pouzit jako zdrojovy kéd pro sviij prekladu,
odstrante nize uvedenou anglickou nebo Ceskou verzi.

5. Prelozte do svého jazyka. Ponechte znaleni Markdown a matematicky zapis. Pokud pouzijete
nastroj typu DeepL pro ziskani prvni verze prekladu, ujistéte se, ze zapis matematickych vyrazi
byl zachovan.

6. Ve VS Code mizete nahled otevfit v jiném okné stisknutim Ctrl+V. a K. Béhem prace nechte
nahled otevieny nebo jej zavrete pomoci mysi.

7. Misto ulozeni musite zmény zaregistrovat a odeslat do Ulozisté. Vyplinte zpravu v poli Zprava
(popiste své zmény, napf. “Zahdajen preklad do polstiny”) a poté stisknéte tlalitko Commit&Push.
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8. Ujistéte se, ze se vaSe zmény objevi v historii revizi. Ve vyjimecnych pfipadech (pokud pracu-
jete soucasné s nékym jinym) musite stdhnout /Pull/ a sloudit jeho a vaSe zmény. Obvykle by

synchronizace (Pull & Push) méla fungovat.
9. Po dokonceni prekladu zménte is_finished: False v zdhlavi na is_finished: True.

Czech source

Zborceny hranol

Jak vytvorit zborceny hranol z kolmého ctyrbokého hra-

nolu

V designu nabytku se objevuje tvar, ktery je zajimavy i z geometrického hlediska. Lze ho vytvorit
z pravidelného C¢tyrbokého hranolu rozdélenim kazdé boclni stény na dva trojihelniky pomoci jedné
z Uhlopficek a pootocenim horni podstavy o 90° tak, jak je to zndzornéno na Obrazku 1. P¥i zachovani
délek hran a Ghlopricek soucasné dochazi ke zméné vysky hranolu. Vysledny tvar je specidlnim pripadem

tzv. zborceného hranolu (v angli¢tiné twisted prism).
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Zkusme si tento tvar vytvorit tfeba z krabicky od détského sirupu nebo ocnich kapek. Aby vse fungovalo
je nutné, aby vi¢ka krabicky (horni a dolni podstava hranolu) byla étvercova a daly se néjakym zplisobem
odklopit nebo rozlozit. K vytvoreni zborceného hranolu je tfeba trochu praxe a zrucnosti, protoZe ono

pootoceni o0 90° nelze provést v praxi tak jednoduse.

Funded by

The portal Math4U is developed within the international projects of the
the European Union

2
Department of Applied Mathematics (VSB-Technical University of Ostrava)
and other institutions in Czechia, Poland, Slovakia, and Spain.




MATHO) U math I
Results matter!

Miizeme pouzit nasledujici postup.

= Odklopime vi¢ka krabicky a krabi¢ku slozime do roviny (dvé boéni stény nahote, dvé bolni stény
dole).

= VSechny boclni stény rozdélime Ghlopfickami v jednom sméru tak, jak je to na obrazku. Snazime
se v papiru vytvorit ryhy, v nichz pljde papir prehnout.

= VsSechny vzniklé Ghlopficky prolomime mirné smérem dovnitr.

= Provedeme prekfizeni. Spodni ¢ast pFidrzime lehce jednou rukou, vrchni éast vezmeme, nadzved-
neme a presuneme smérem doleva.

= Nyni z roviny rozlozime krabicku do prostoru. Tento krok chce trochu cviku. M{izeme to udélat
tak, ze v misté, kde lezi vSechny oznacené Ghlopricky nad sebou, pfitlacime krabicku dvéma prsty
proti sobé. Soucasné se snazime druhou rukou rozlozit horni nebo dolni ¢ast krabicky do prostoru.

= Pokud se vam predchozi krok podafil, zbyva uz jen zavfit vicka krabicky a mate hotovo. Gratuluji!
" w
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Uloha 1. Chceme vytvorit stoli¢ku ve tvaru zborceného hranolu a mame k dispozici né&kolik vhodnych
kartonovych krabic. Tyto krabice maji stejné ctvercové podstavy o délce hrany 40 cm, ale riizné vysky.
Pro sezeni mame odzkousené, ze ndm vyhovuje vyska stolicky 50 cm. Jaka vyska krabice je idedlnf
pro vyrobu stolicky ve tvaru ¢tyfbokého zborceného hranolu o vysce 50 cm? Délka hrany podstavy je
a = 40cm.

DalSi varianty zborcenych hranoli

Slo by obdobny tvar vytvofit i z kolmych hranolii, jejich podstava by byl jiny pravidelny n-tihelnik?
Odpovéd zni ano. Postup uvedeny vySe (pro tvorbu zborceného hranolu z papiru) je vSak mozné aplikovat
pouze pro suda n.

V nasledujici tloze se budeme zabyvat tvorbou Sestibokého zborceného hranolu. Rozmyslete si nejdfive,
o kolik stupni se tomto ptipadé horni podstava pootoci. Pokud prostorova predstavivost selhava, vytvorte
si model. Pro jednoduchost stadi pracovat se siti plasté hranolu. Na obrazku nize je takova sit jiz
pripravend ke slepeni (idedlni je tvrdsi papir).
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Rysunek 3: Sit plasté Sestibokého zborceného hranolu

Pred slepenim vytvorte ohyby v hranach a Ghlopfickach. Ve hrandch smérem nahoru, v dhlopfi¢kach
smérem doll. Po slepeni postupujte podle obrazku.

¥

Rysunek 4: Postup pro tvorbu Sestibokého zborceného hranolu

Uloha 2. Jak zavisi vy$ka h estibokého zborceného hranolu (ktery vznikne z pravidelného Sestibokého
hranolu) na vysce pivodniho hranolu v a na délce hrany dolni podstavy a?

Uloha 3. Jaka je omezujici podminka pro vznik modelii z predchozich dvou dloh?

Uloha 4. Sestrojte sit vazy tvaru zborceného hranolu, jestlize je dana vyka vazy h = 110 mm, délka
hrany ctvercové podstavy a = 65 mm a thel rotace horni hrany vazy oproti dolni podstavé je o = 45°.
Tentokrat dlohu Feste konstrukéné, tedy pomoci pravitka a kruzitka.

4 The portal Math4U is developed within the international projects of the
Department of Applied Mathematics (VSB-Technical University of Ostrava)
and other institutions in Czechia, Poland, Slovakia, and Spain.

Funded by
the European Union




math4u.vsb.cz

MATHEP U

Results matter!

English source

Twisted Prism

Turning a Right Square Prism into a Twisted Prism

In furniture design, a shape appears that is also of interest from a geometrical point of view. It can
be created from a right square prism by dividing each lateral face into two triangles using one of its
diagonals and then rotating the top base by 90°, as illustrated in Figure 1. While preserving the lengths
of the edges and diagonals, the height of the prism changes. The resulting shape is a special case of a

so-called twisted prism.
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Let’s try creating this shape using, for example, a box from children’s cough syrup or eye drops. For it
to work properly, the box's lids (the top and bottom bases of the prism) must be square and able to be
opened or unfolded in some way. Creating a twisted prism requires a bit of practice and skill, because

performing a 90° twist is not so easy in reality.

We can use the following procedure:

= Open the box flaps and flatten the box into a single plane, so that two lateral faces are on the

top and two on the bottom.
= Divide all lateral faces along diagonals in the same direction, as shown in Figure 2. Try to crease

the paper along these lines so that it can be folded later.

= Gently fold each diagonal inward to form ridges.
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= Now, make the twist: hold the bottom part of the box lightly with one hand, lift the top part, and
move it slightly to the left so that the top base rotates.

= Next, unfold the flattened box into a three-dimensional shape. This step takes a bit of practice.
You can do it by pressing the box between two fingers at the point where all the marked diagonals
overlap, while using your other hand to unfold the top or bottom part of the box into space.

= If you've made it this far, all that’s left is to close the box flaps — and you're done. Congratulations!
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Exercise 1. We want to build a stool in the shape of a twisted prism, and we have several suitable
cardboard boxes available. These boxes all have square bases with side length 40, cm, but their heights
vary. From experience, we know that a stool height of 50,cm is comfortable for sitting. What box
height is ideal for making a twisted rectangular prism stool with a vertical height of 50,cm? The side
length of the base is a = 40, cm.

Solution. The original side edge of the prism with length v, the desired stool height h, and the base
edge a form a right triangle. The edge a is the orthogonal projection of the edge v onto the plane of
the base (see Figure 3).

According to the Pythagorean Theorem, we get:

v :\/h2+a2=\/502+402i64cm.

Ideally, the cardboard box should be approximately 64, cm tall.
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Other Variants of Twisted Prisms

Could a similar shape be created from right prisms whose base is a different regular n-gon?

The answer is yes. However, the construction method described above (for creating a twisted prism from
paper) can only be applied when n is even.

In the following problem, we will focus on constructing a hexagonal twisted prism. First, try to figure out
by how many degrees the top base is rotated in this case. If your spatial imagination fails you, build a
model. To keep things simple, you can work with a net of the prism’s lateral surface. In Figure 4 below,
such a net is already prepared for assembly (thicker paper works best).

Rysunek 8: Net of the lateral surface of a hexagonal twisted prism

Before gluing, make folds along the edges and diagonals — fold the edges upward and the diagonals
downward. After gluing, follow the instructions shown in Figure 5.

Rysunek 9: Steps for constructing a hexagonal twisted prism

Exercise 2. How does the height h of a twisted hexagonal prism (created from a regular hexagonal
prism) depend on the original prism height v and the side length a of the base?
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Solution. To calculate this, we need to know the angle by which one base is rotated relative to the other.
This angle can be determined from the model described above. The following 3D diagram reveals the
rotation angle.

A B

If the 3D diagram is unclear, you can try to imagine what the solid looks like when viewed from above. We
will now treat the top base as transparent. The segments that were diagonals in the faces of the original
prism intersect at a single point and, when viewed from above, divide the hexagon A’B'C'D'E’F” into
six equilateral triangles. Let us focus on the line segment A’B, which was the diagonal in the face

ABB'A'.
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A

B

For the segment to pass through the center, point A’ must coincide with point E, because point E lies
opposite point B. We complete the remaining vertices in alphabetical order, following the same direction
used in the bottom base — that is, counterclockwise.

It is now clear that the top base has been rotated by 120° relative to the bottom base. Because of this,
the edge BB’ lies directly above the edge BF', and the line segment BF is the orthogonal projection
of BB'.

The length of edge BB’ is v, and we denote the length of BF as v;. The height of the solid, h, is
equal to the length of the line segment B’'F. Points F', B, and B’ form a right triangle. Using the
Pythagorean Theorem, we obtain the following expression of the height:

h=y/v?—0v3.

To find vy, we use triangle ABF'.
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We can again use the Pythagorean Theorem. To create a right triangle, we draw a perpendicular from
point A to the side AF. Let us denote the foot of this perpendicular as point P. The length of this
height is £, because triangle ABP is one half of an equilateral triangle with side length a. We have:

() = i3

v = a\/g.

and therefore

We can now substitute this expression into the formula for h, obtaining

h=1/v? - (aV3)2 = V2 = 3a2,

which is the desired expression for the height of the twisted hexagonal prism in terms of v and a.
Exercise 3. What is the limiting condition for constructing the models in the previous two exercises?

Solution. In Exercise 1, we must have v greater than a. If v = a, the hypotenuse of the right triangle
would be the same length as one of the legs, and the other leg would have zero length. The height of
the twisted prism would therefore be zero, and the prism would collapse into a flat shape. The diagonals
of the original prism would still intersect at a single point.

Similarly, in Exercise 2, we must have v > |AFE], that is, v > V3a. If v = v/3a, the twisted prism would
again have zero height and would collapse into a flat shape.
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Technique For Odd Values of n

It was already mentioned that the construction method described above does not work in the same way
for odd values of n. However, the only difference is that once the net of the prism's lateral surface is
prepared, it is not a good idea to glue the side edge before shaping the prism. Instead, first fold the net
into the shape of a twisted prism, and only then glue the side edge.

Technique For Using a Different Rotation Angle

What if we wanted to make a shape similar to the one in the first example, but use it as a small vase
for dried flowers or a pencil holder? In that case, we don’'t want the four edges of the twisted prism
(formerly diagonals in the faces of the regular rectangular prism) to intersect in the middle — we want
empty space inside. To achieve that, we need to reduce the rotation angle between the two bases.

Exercise 4. Construct a net of a vase in the shape of a twisted prism, given that the height of the
vase is h = 110, mm, the side length of the square base is @ = 65, mm, and the top base is rotated by
o = 45° relative to the bottom base. This time, solve the problem constructively, using only a ruler
and a compass.

Hint. The left diagram shows a top view of the bottom base and the top base rotated by 45°. On the
right, all edges of the resulting solid are also shown. You do not need to draw all of them — for the

construction, the line segments AA” and BA’ are the most important. It is also important to realize that
in the top view, the orthogonal projection A; of point A’ onto the plane of the bottom base satisfies

i b

AI
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From the problem statement, we know that the height of the vase is 110, mm, so |AA;| = 110, mm.
Using the right triangle A;AA’, we can determine the true length of edge AA’. Similarly, we can
determine the length of edge BA’ by constructing the right triangle A; BA’. With this information, we
know all the necessary edge lengths to draw the net of the vase.
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