International Youth Math Challenge Final Round 2020

Final Round 2020

The final round exam was given in the form of an online exam. Each
participant was given a subset of 30 questions in random order. This
paper version is only available for training purposes.
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Question 1 : What are the roots of this function?:

fl@)=(z+1)(z —e)?

(A) {0,1} (B) {0, -1} () {1} (D) {1}

Question 2 : Let a =5, b =10 and ¢ = 15. What is the numerical value of this fraction:

6a + 3¢
a+2b

(A) 2 (B) 3 (C) 4 (D) 5

Question 3 : How does this sequence of numbers continue?: 4, 24, 124, 624, ...

(A) 1224 (B) 2224 (C) 2624 (D) 3124

Question 4 : What is the value of this limit?:

lin sinlgﬁ)
(A) 0 (B) 3 (€)1 (D) o0

Question 5 : Determine the value of the following term:

sin(27) + cos(67) + tan(8)

(A) 1 (B)

“[S

(C) 0 (D) —1

Question 6 : The term cos(2«) can also be written as ...

(A) 2cos?a — 1 (B) 2sin*a — 1 (C) 2sina cos « (D) sin® o + cos? a
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Question 7 : A circle with circumference 7 is placed in the centre of a coordinate system (see
below). A horizontal line is placed at height h. Determine the distance x between the y-axis

and the circle.

—

Question 8 : The surface area of a sphere with radius r is equal to ...

(A) 27r? (B) 4mr? (C) 27r?/3 (D) 47r?/3

Question 9 : Determine the value of x from these three equations:

20+y+2=0
r+2y+z=1
r+y+2z=1
(A)z=-1/2 (B)z=0 (C)z=1/2 D)z=1

Question 10 : What is the value of p?:
n=1+24+3

m=mn+2n+ 3n
n+m
2

p:

(A) 15 (B) 17 (C) 19 (D) 21
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Question 11 : Find the smallest k such that the following inequality holds true:

2% 41000 < 3% + 100 < 4*

(A) 5 (B) 6 (C)7 (D) 8

Question 12 : Find the derivative f/(z) of the function f(z) = sin ().

Question 13 : Find the function f(z) with this graph:

f(z)
(A) f(2) = 1 +sin(a) (B) f(x) = 1 cos?(a)
(C) f(z) =1+ cos(z) (D) f(z) =1 — sin(z?)

Question 14 : Which equation corresponds to this graph?:

Y

h

-

(A)y* =2 B)yP=1-2>  (C)yf=1-42> (D)4’ =1-2a7
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Question 15 : What is the value of this infinite sum?:

1 1 1 1
+ 5 + 52 + 5 + ...
(A) 1/4 (B) 5/4 (C) 25/4 (D) 50/4

Question 16 : What is the correct value for w such that sin(wz) has a period of 37

Question 17 : How does the following term behave for n — co?:

(i %) ~In(n)

k=1

(A) Goes to oo (B) Goes to —oo (C) Goes to a posi- (D) Goes to a nega-
tive constant tive constant

Question 18 : Find the correct f(z) such that this equation holds true:

d x
%f(x) BT
(A) 31In(1 +2?) (B) In(1 + 2?) (C) £1In(1 4 2?) (D) z - In(1 + 2?)

Question 19 : Determine the value of a3 in the following expansion:

(14 22)® = ag + a1 + agx® + azx® + ... + agx®

(A) 248 (B) 348 (C) 448 (D) 548

Question 20 : Let F,, be the n-th Fibonacci number. Which one of the following identities is
true?

(A) Fop = F7 + Fy (B) Fons1 = 7 + Fr
(C)F2n:F3+Fr20+1 (D)F2n+l:F3+F7%+1
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Question 21 : Determine the 4th derivative of the function f(x) = cos?(z).

(A) 4sin®(z) — 4 cos®(x) (B) 4 cos?(x) — 4sin®(z)
(C) 8sin*(x) — 8 cos?(z) (D) 8cos?(z) — 8sin*(x)

Question 22 : The ji;prime number theorem;/i; states that the number of primes less than
or equal to IV is asymptotically equal to ...

(A) In(N)/N (B) N/In(N) (C) N -In(N) (D) N -In(N) + N

Question 23 : Which one of the following statements holds true if and only if n is a prime
number?

A)nln—1D1+1  B)nln—-11-1 () aln+1)!+1 (D) n|n+1)!—1

Question 24 : Which one is the correct sequence of the ji; harmonic numbers;/i;?

111 3 45
(A) 1,5,3,1,. (B) 1,5,5,1,...
1 5 10 3 11 25
(C) 175767@7 (D) 1757?7@7"'

Question 25 : Which term is equal to the following infinite sum for |z| < 17:

1422+ 322 +42° + 524 + ..

(A) = (B) =% (©) 7= (D) Toe

1-z 1-z (1—x)2

Question 26 : Which one of the following series is equal to In(1 + z)?

332 $3 CC4 x5 CL’2 x3 x4 1‘5
(A)$+7+§+Z+g+... (B)ZL"—?—F?—I—F?—...

(C)ZE+§+§+I+§+... (D)(E—E-l—g—j-f-ﬁ—...
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Question 27 : A triangle is placed into a square with sides of length a as seen below. What
is the length x of one of the sides of the triangle?

al2

_—

(A) z=+/2a/2 (B) z = v/3a/2 (C) = V/4a/2 (D) = = v/5a/2

Question 28 : You throw two dice with six sides each at the same time. What is the probability
of getting a total sum of 47

(A) ~ 5% (B) =~ 8% (C) ~ 12% (D) ~ 16%

Question 29 : Every positive integer can be written as the sum of at least ...

(A) two integer squares (B) three integer squares

(C) four integer squares (D) five integer squares

Question 30 : The two functions f(z) = 1 — sin®(7mz) and g(z) = cos?(z? — 72) have an
g

intersection point for ...

A z=T1+vE B z=2(1+v4) (C)z=21+v5) (D)z="2(1+5)

Question 31 : What is the last digit of this number?:

(11819 - 23%)°

(A) 1 (B) 3 (€))7 (D)9

Question 32 : Let A and B be two sets of real numbers. Which one of the following identities
is true?

(A A=(An@)Nn(AUB) (B) A=
(C)A=(Auo)N(AUB) (D) A=(AU@)U (AU

—~

AN@)U(AUB)

~—

B)
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Question 33 : Find the numerical value of this expression:

100 1
1-— 10g3 (H ﬁ)

k=1

(A) 10100 (B) 10101 (C) 15150 (D) 15151
Question 34 : The expression v/6 4+ 21/5 is equal to ...

(A)1++5 (B) 1+ 25 (C) V3++V5 (D) V3+2v5
Question 35 : Which inequality holds for this number?:

z = 1+\/2+\/3+\/4+\/3

(A)1<zxz<2 B)2<z<3 (C)3<z<4 (D)4<z<5

Question 36 : Let a, b, c be the solutions to this equation:
0=a®—(2+22+2%)2% + (2° + 2* + 2%)2 — 2°

What is the value of a-b-¢?

(A) 2! (B) 2° (C) 2° (D) 2%
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