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Tips and tricks
During the competition the following rules apply:

• Write your solutions for each problem on a separate sheet, and write down your team name, your team 
number and the problem number on every sheet. 

• Facilities such as books, graphing calculators, mobile phones and laptops are not allowed. Non-graphing 
calculators may be used. You may only communicate with teammates and with the organization.

• Water is provided during the competition. For any questions, there will be a member of the organization 
present in the competition room.

Tips that may help you during the competition: 

• Notation. The notation and/or the terminology will be explained for certain problems. Furthermore, with 
the natural numbers the collection {1, 2, 3, . . .} is meant, which we denote with     .

• Order of difficulty. The problems are sorted in increasing difficulty, with easiest first. Each problem is 
worth 10 points.

• Read the problems carefully. If you start solving too early, you may have overlooked important informa-
tion. Sometimes a problem contains a (hidden) hint that indicates what strategy to use. 

• Be a team. Divide the tasks, but ask each other for help if needed. Consider where everyone’s qualities lie, 
and check each other’s work during the match; maybe there are still mistakes.

• Try to collect at least some points. A partial solution may still earn you points. If you do not have the 
solution for a specific sub-problem, you may still use the result for all subsequent sub-problems. 

• Find a pattern. For example, if you have to prove something for all n        , tro to see what happens for n = 
1 or n = 2. Discover a pattern and prove that this pattern continues.

• “Houd het gezellig” is Dutch for enjoy yourself and be nice to others. 
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1. Even triangles are odd

Harry Smit MSc., Universiteit Utrecht

Suppose you have a triangle that is subdivided into other triangles, i.e. this triangle is
completely tiled with smaller triangles, without any overlap. Furthermore, assume that no
three vertices (not even those of different triangles) lie on a straight line.

(a) Let k be an odd positive integer. Prove that it is possible to make a subdivision into
exactly k triangles.

(b) Let k be an even positive integer. Prove that it is impossible to make a subdivision into
exactly k triangles.

1
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2. Self-divisible numbers

Ir. Harold de Boer, Transtrend BV

We define a positive integer to be self-divisible when each digit of the number (starting from
the second digit) is a divisor of the number formed by the digits preceding it. For example,
42771 is self-divisible because 4 is a multiple of 2, 42 is a multiple of 7, 427 is a multiple of 7
and 4277 is a multiple of 1.
We define GN as the set of self-divisible numbers that consist of N different digits. So, 42771
is an element of the set G4.

(a) Determine the largest N for which the set GN is not empty.

(b) Determine the smallest number in this particular set GN .

2
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3. Ramifixation

Prof. dr. Hendrik Lenstra, Universiteit Leiden

A tree is a finite connected graph without cycles. An automorphism of a graph is a map σ
that permutes both the set of vertices and the set of edges of the graph, in such a way that
an edge e connects two vertices v and w if and only if σ(e) connects σ(v) and σ(w).

Prove that every tree has a vertex or an edge that is mapped to itself by every
automorphism of the tree.
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4. A Kurt Mahler1 style power series

Prof. dr. Gunther Cornelissen, Universiteit Utrecht

Fix a prime number p. If an integer n is written as n = pru where u is coprime to p, we
define |n|p := p−r. Consider the power series

f(z) :=

n≥1

|n|pzn.

(a) Show that the power series defining f(z) converges for all complex numbers z with
|z| < 1.

(b) Prove that for |z| < 1,
f(z) =

z

1− z
− zp

1− zp
+
1

p
f(zp).

(c) Prove that the series defining f(z) diverges at a dense set of points in the complex unit
circle by showing that

(i) it diverges at all p-power roots of unity, i.e., at all z ∈ µp∞ := {e2πki/pr : k, r ∈ Z};
(ii) µp∞ is dense in the unit circle (i.e, for every z0 ∈ {|z| = 1} and ε > 0 there exists

ζ ∈ µp∞ with d(z0, ζ) < ε where d is distance along the circle).

1The famous number theorist Kurt Mahler (1903-1988) studied these kinds of problems in the 1930’s.
Between 1934 and 1936 he worked - after from escaping Germany via Manchester - in Groningen, where he
had a bicycle accident, after which he walked with a limp for the rest of his life.

4

4. A Kurt Mahler1 style power series

Prof. dr. Gunther Cornelissen, Universiteit Utrecht

Fix a prime number p. If an integer n is written as n = pru where u is coprime to p, we
define |n|p := p−r. Consider the power series

f(z) :=

n≥1

|n|pzn.

(a) Show that the power series defining f(z) converges for all complex numbers z with
|z| < 1.

(b) Prove that for |z| < 1,

f(z) =
z

1− z
− zp

1− zp
+

1

p
f(zp).

(c) Prove that the series defining f(z) diverges at a dense set of points in the complex unit
circle by showing that

(i) it diverges at all p-power roots of unity, i.e., at all z ∈ µp∞ := {e2πki/pr : k, r ∈ Z};
(ii) µp∞ is dense in the unit circle (i.e, for every z0 ∈ {|z| = 1} and ε > 0 there exists

ζ ∈ µp∞ with d(z0, ζ) < ε where d is distance along the circle).

1The famous number theorist Kurt Mahler (1903-1988) studied these kinds of problems in the 1930’s.
Between 1934 and 1936 he worked - after escaping from Germany via Manchester - in Groningen, where he
had a bicycle accident, after which he walked with a limp for the rest of his life.

4



10

5. Chebyshev polynomials

Prof. dr. Jaap Top, Rijksuniversiteit Groningen

The wikipedia page describing ‘Chebyshev polynomials’ briefly mentions, besides the usual
Chebyshev polynomials of the first kind Tn and the ones of the second kind Un also a sequence
of polynomials Cn. The sets of polynomials are related by Cn(x) = 2Tn(

x
2 ) and T 

n = nUn−1.
This problem defines and asks for some properties of the polynomials Cn.

(a) Show that for any integer n ≥ 1 a unique real polynomial Cn in one variable exists such
that

xn + x−n = Cn(x+ x−1)

(here x is also a variable).

(b) Show that (4− t2)C 
n(t)− tC 

n(t) + n2Cn(t) = 0.

(c) Show that for every n ≥ 2 the polynomial Cn mod 2 (which has coefficients in Z/2Z)
can be factored as a product f2 · g for polynomials f, g with coefficients in Z/2Z with
moreover f of degree at least 1.

5
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6. Medium competition in bisecting the altitude

Eduardo Rúız Duarte MSc., Rijksuniversiteit Groningen

Find an example of a non-equilateral triangle ABC with integer sides for which the altitude
from A, the bisector at B, and the median at C are concurrent, that is, they intersect at a
single point. Hint: it is possible to find such a triangle with a perimeter no greater than 50.

6



13

7. Mathematicians like to play with colors

Stijn Cambie MSc., Radboud Universiteit Nijmegen

A finite coloring of the nonnegative integers is a map f : N → S : n → f(n), where S is a
finite set. Given a coloring f , a set X is called monochromatic (MC) when every element is
colored in the same color, i.e. for all x1, x2 ∈ X one has f(x1) = f(x2).
A theorem of Schur says that any finite coloring of N contains a MC set {x, y, x+ y}, where
x, y ∈ N.

(a) Prove that any finite coloring of N contains a MC set {a, b, ab} as well, where a, b > 1.

(b) Given a coloring f : N → {B,W}. Does there exist a MC set of the form {a, b, ab+ a}?

(c) Given a finite coloring of N. Does there exists a MC set of the form {a, b, ab, a(b+2018)}?

7
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8. Typing a’s and b’s

Dr. Daniel Valesin, Rijksuniversiteit Groningen

I type letters at random in my keyboard. Each letter I type is equally likely to be any of the
26 (lowercase) letters of the alphabet, chosen independently of what has been typed before.
I stop typing when I type the letter a three times in succession (that is, with no other letter
in between). What is the expected number of times I type the letter b?

8
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Het CBS maakt gebruik van big data zoals satellietdata en social media.  
Wil jij een bijdrage leveren aan deze nieuwe innovaties? 
Kijk voor stagemogelijkheden en vacatures op www.werkenbijhetcbs.nl.

Werken aan de 
basis van belangrijke 

beslissingen

9. Matrix-valued function in one variable

Leslie Molag MSc., Katholieke Universiteit Leuven

Let f : R −→ R3×3 be a C∞ function such that f(0) = I and det f(x) is constant.

(a) Prove that f (0)3 = 0 when f is a linear function, i.e. when f(x) = I+ xf (0).

(b) Show that it is not guaranteed that f (0)3 = 0.

(c) Is f (0)3 = 0 guaranteed under the additional requirement that f (0) = 0?

9
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10. Rational points

Prof. dr. Frans Oort, Universiteit Utrecht

Consider a prime number p ≡ 3 (mod 4). Show:

#{(x, y) ∈ (Fp)
2 | 1 = x2 + y2 + x2y2} = p+ 1;

we write Fp = Z/pZ.

10
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11. How about this question?

Prof. dr. Lex Schrijver, Universiteit van Amsterdam

Let L be a linear subspace of (Z/2Z)n. Call an element x of L maximal if the support of x is
not contained in the support of any other element of L. Prove that the number of maximal
elements of L is odd.

11
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spelers zoals ABN AMRO, Delta Lloyd en Aegon? Zie jij jezelf al rond- 
rijden in één van onze auto’s? En wil jij na je studie aan de slag als         
Actuarieel Rekenaar of werken aan de meest complexe IT-vraagstukken? 
Bekijk onze website en neem contact op met één van onze recuiters 
voor meer informatie of een kennismaking. 

Vind jouw droombaan!

12. Restrict the extension

Prof. dr. Robert Tijdeman, Universiteit Leiden

Let (vn)
∞
n=0 be a sequence in Z2 with v0 = (1, 0), v1 = (0, 1) and for n = 1, 2, ...

vn+1 = vn + 2vn−1 or vn+1 = vn − 2vn−1.

(a) Prove that for n = 2, 3, . . . the set

Vn :=


n−1
i=0

εivi with εi ∈ {0, 1} for i = 0, 1, . . . n− 1



consists of 2n distinct points.

(b) Prove that the diameter of the convex hull of Vn for n ≥ 6 is at least (
√
2)n(> 1.414n).

(c) Prove that the signs can be chosen in such a way that the diameter of the convex hull
of Vn for n = 2, 3, . . . is at most 1.67× 1.601n.

P.S. The convex hull W of V is the smallest set such that if v, w ∈ V, then the connecting
line segment belongs to W .
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Volg een traineeship in de financiële dienstverlening!
Je bent nu nog volop aan het genieten van je studententijd, maar weet 
jij al waar je straks jouw bèta-talent wilt inzetten? Bij Talent&Pro zijn 
we op zoek naar ambitieuze starters voor onze traineeships. Met jouw   
bèta-achtergrond ben je van grote waarde voor uitdagende opdrachten 
binnen de financiële dienstverlening. 

Actuarieel Rekenaar
Is werken met cijfers helemaal jouw ding? Los je graag onmogelijke 
vraagstukken op en ben je analytisch ingesteld? Dan ben je bij het 
traineeship Actuarieel Rekenaar aan het juiste adres! Met ons opleidings- 
en ontwikkeltraject groei je versneld naar een rol als actuarieel analist,      
actuaris, risk manager of data analist. In dit vakgebied pas jij jouw 
wiskundige inzicht toe op vraagstukken in het bedrijfsleven.

Business IT
Of ben je juist goed in het vertalen van de gebruikersbehoefte naar   
effectieve en betrouwbare IT-oplossingen? En kun jij ook de perfecte 
link leggen tussen gebruikers en programmeurs van informatiesystemen? 
Dan past het traineeship Business IT goed bij jou. Je wordt binnen       
no-time opgeleid tot data-, informatie- of businessanalist!
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rijden in één van onze auto’s? En wil jij na je studie aan de slag als         
Actuarieel Rekenaar of werken aan de meest complexe IT-vraagstukken? 
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voor meer informatie of een kennismaking. 

Vind jouw droombaan!
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13532057 

 

332807 178208206 1511191 84356460617 299 20301227 1810358 

313962 aaaccc 49344361 35563 2311820137 299 332807 6856967 

996473518293 614712075356824928256 608399 989 14839 2806 

45433063754 20301227 93497093 acc 49344361 35563 52131695 

 

332807 178208206 1511191 9310186 299 20301227 2678207712468409 

21529682515 bbc 1439568097 3337 231287 1633 299 332807 4045337 

aa 116692587470 3337 86735 aaaac 7064094873146 56560603 1358 

3337 86735 1633 67252 1238666 332807 33022 4573545608786 1633 

 

332807 178208206 1511191 0123456789 299 332807 9394 608399 

989 1282836161204411 299 332807 2945436432455 20819117 1032971504246 3337 

1696781075 14839 2191657476063 3337 14839 11973866 3337 27522212277367368 

14839 1154958430385193 1528111 14839 19505 332807 4443145 33 

 

2 26298542 

HINT: 

aaaccc = 1000 

CRACK  
THE  

CODE 


