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MATE-INFO UBB COMPETITION and ADMISSIONS EXAM, 2018
Written test in MATHEMATICS

PART A

IMPORTANT: For each problem in Part A at least one answer is correct, and
several answers may be correct.

1. (5 points) Consider the points A(2m? m + 3), B(—1,1) and C(3,5) in the zOy plane.
The value m € R for which the points A, B and C are collinear is:

[Al-1 Bl [c]-5 [B]3 [Elo
2. (5 points) A solution in the interval [0, 27] of equation v/3sinz + cosx = 0 is:
57 . 57, . 117w, s
Al% [B% [cs g (Bl
3. (5 points) Let X be a set with 3 elements and Y a set with 2 elements. The number of
functions f: X — Y is:

[Alcs [B]43 [clo; [D]s; [E].

4. (5 points) Let 21,29 € C be the solutions of equation x? — 2z + 3 = 0. The value of
2, .2
T + x5 1s:

[A]3; [B]% [c]3 [D]u [E]-2

5. (5 points) Let a € R* and the function f : R\ {1} — R, given by f(z) =
Decide which of the following are true:

the graph of f has 2 asymptotes; the graph of f has 3 asymptotes;

on (1,00), f is decreasing; @ on (1,00), f is increasing;

on (0,00) \ {1}, f is monotone.

6. (5 points) Let f : R — R, defined by f(z) = x?e®. The second order derivative of the
function f is:

(z) = (2 + 22 + 2)e%; f"(z) = (22 + 4z + 2)e%; " (x) = 2€*;
@ f"(x) = (22% + o + 2)e%; f"(x) = 2(z% + x + 1)e”.
PART B

1. (10 points) Consider the triangle AABC and the points N € (AB), P € (BC) and
Q € (AC) such that AN = 2BN, BP = 2CP and CQ = 2AQ. Express the vectors ﬁ, ]@
and QTV} in terms of the vectors /@ and @ .

Va2 + a?

r—1

0 -1

2. a) (10 points) Consider the matrix A = <1 0

112018

> € Ms(R). Compute A+ A%+ .-+

b) (15 points) On R let ,,x” be the operation defined by x * y = zy + ax + ay + b. Find
a,b € Z, |al <2 and |b| <2, such that (R, *) is a monoid.

3. Let f:R — R be given by f(z) = min{z, 2%, 3}.



a) (15 points) Draw the graph of the function f.

2
b) (10 points) Compute f(z)dz.
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NOTE:
All subjects are mandatory. Grading starts at 10 points.
Working time is 3 hours.



Raspunsuri si solutii

PARTEA A
1. ’ ; 2. a @7 3. @7 4. , 5. , ; 6. .

PARTEA B
1. Avem B? = x@ — ﬁ Rezulta ca:

NP NB+ BB LaB+ 25e = LaB 20 - A = - LaB+ 2ae,
PO=PO+ 4= pe - 2ac= e ap - Zad=lam - lae
aN - A + oA - 2 - L.

Avand exprimati 2 dintre cei 3 veci(;ri in functie de ﬁ si 1@ , al treilea se poate determina si
din egalitatea ]W’ + ]@ + Q—]\/z =0.

2. a) Avem A? = <_01 _01> = Iy, A3 = (_01 (1)> = —A, A* = ((1) (1)> = I, deci

A+ A% + A% + A* = O,. Inductiv, A*HL 4 A%+2 1 A4k+3 4 A4k+4 — O, pentru orice k € N.
Rezults ci A—I—A2+ ---+A2018 — (A—I—A2+ +A2016) —I—A2017+A2018 — A2017—|—A2018 —

-1 -1
2 _ _ —
Ar A =4 12_<1 _1>.

b) (R, %) este monoid daca si numai daca legea de compozitie ,,*” este asociativa si exista
element neutru relativ la ,,x”. Pentru ca ,,x” sa fie asociativa trebuie sa avem (zxy)xz = x*(y*z)
pentru orice z,y, 2 € R. Folosind definitia legii de compozitie ,,*”, conditia are loc daca si numai
daci (a+b)z+a’x = (a+b)z+a?z pentru orice x, z € R daci si numai daca (z—x)(a?—a—b) =0
pentru orice x, z € R. Astfel avem a? —a —b = 0. Deoarece cdutdm a,b € Z cu |a| < 2 i [b| < 2,
rezulta ca (a,b) € {(—1,2),(0,0),(1,0),(2,2)}.

Presupunem ca exista element neutru e € R relativ la ,,%”, deci e * x = x pentru orice x € R
(legea este evident comutativa). Conditia are loc daca gi numai daca (e +a — 1)z +ae+b=0
pentru orice z € R. Astfel avem e4+a—-1=0siae+b=0,deundee=1—asia®>—a—b=0.
Rezulta ca valorile a,b € Z cu |a| < 2 si |b| < 2 pentru care exista element neutru sunt aceleasi
cu cele pentru care legea este asociativa.

In concluzie, avem (a,b) € {(—1,2),(0,0), (1,0),(2,2)}.

3. a) Numerele —1,0, 1 sunt ridécini pentru cel putin una dintre ecuatiile z = 22, z = 23,
2? = 23. Comparand cantitatile x, 2%, 23 succesiv pe intervalele (—oo, —1], (—1,0], (0,1], (1, c0),
obtinem:

f2) = {:c?’, dacd = € (—oo, —1] U [0, 1],

xz, dacdze (—1,0)U(1,00).

Trasarea graficului lui f se bazeazi pe trasarea graficelor functiilor z + x si x — 5.

b) Avem:
2 1 2 111
f(x)d:c:/ x3da:+/ rdr = —.
1/2 1/2 1 64



