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Bear Resort Qualification Examination: Mathematics and Logics

MM E / Personal Information

44 / Name: /NREZE[E 45 /| Bear Resort ID:
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Integrity Statement: I certify that I have completed the exam without external help, abode the exam

instructions, and my answers reflect my capabilities at the best extent.

2%/ Signature: H1Y / Date:

kil / Exam Instructions
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The Bear Resort Qualification Examination aims to evaluate the general capabilities of pre-members,
note that the marks to qualify is much lower than the full marks on the paper. The mathematics and

logics subject focuses on the basic mathematics and logical skills.

o AR INT I . SEREE RIETHlTE S 2 DK4KY3 [ Gradescope.

Complete the exam without external help. Submit scanned solution to DK4KY3 on Gradescope.
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Please clearly indicate your choice.
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Multiple Choice Questions. Please select the most suitable choice. 5 points for the correct

answer, 2 point for no answer, and no points for incorrect answer.
Loe €RY R ‘o= 12 o = KR fOFHA 2147
“r € R” is which kind of condition for “z = 1 being the unique solution to 2® = 1?”
O Femr HhELAF / Sufficient and necessary condition.
O FOMEANELLA: / Sufficient but not necessary condition.
O AFEMENELLH: / Not sufficient but necessary condition.
O RFEPAMILLEM: | Not sufficient nor necessary condition.
2. (BRI ISV NRERI R T 220 W, /NRESESRAUEIL.” TR AR IR AR I S A i
Suppose that “if little bear’s weight exceeds 2201lbs, beary will demand him to lose weight.” Which

of the following is the equivalent statement?
O WS/ IV INBE AR I A R 220 155, /NREAS S BLR AL,
If little bear’s weight does exceed 220lbs, beary will not demand him to lose weight.
O A/ NEESR/INVINGBIL, B2/ NRERG AR B T 220 B
If beary asks little bear to lose weight, then the weight of little bear exceeds 2201bs.

O AR/ NREBAEER/ IV NG, -2/ N/ NRE A SE BB I 220 .
If beary does not ask little bear to lose weight, then the weight of little bear must not
exceed 2201bs.

O W/ N NREAREE AR 220 8%, /NAERT REZER A JE .
If little bear’s weight does exceed 220lbs, beary might demand him to lose weight.

3. B CRAMWEE L =5 EEM . THIEEmA LT
Given “it is impossible to trisect an arbitrary angle using only a straightedge and compass.” How

many of the following statements are correct?

o LEMERE A, RAUWEE S =50 2 A T REM.
Given any angle, it is impossible to trisect it using only a straightedge and compass.
o REMFETCIESFEMEESA.
It is impossible to divide an arbitrary angle into six equal parts using only a straightedge and
compass.
o SEMEE A, RAWEE SIS AR A AT RER.
Given any angle, it is impossible to divide it into six equal parts using only a straightedge and

compass.

O o.
O 1.
O 2.
O 3.
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4. VNI SRR RERAIRE. XTI P ERIAE, S S AR R R k. T

SIS R AT JLA?

Little bear is an emotional and fiery bear. For any two other distinct bears, he always wants to

beat one of them more. How many of the following statements are correct?

o XFTALRHERE, /INVNERERERE B CRARER k.

For any group of bears, little bear can always find one that he wants to beat the most.

KT HERE, /N INBREEN FRBEATLB A 1 Sk BRI A Tl Y BB T Al AR T R — 2K, BReJm—
KBTI RE—E R E Y.
For any group of bears, little bear randomly selects two bears that he has not beaten yet, and

beat up the one that he wants to beat more, the last bear to be beaten is deterministic.

he can always find one that he wants to beat the least.

o XFTALE HERE, WAR/IVINREREREI B OB ABREI 2k, A0 Al —E R EI B O R EER

For any group of bears, if little bear can always find one that he wants to beat the most, then

O 0.
O 1.
O 2.
O 3.

5. BHBERAFOON 1 83 HCHA/NT 2 BYBEL, T AL RIZ?

Given a prime numbers are integers no less than 2 whose only factors are 1 and itself, which of the

following is incorrect?
O 59 /ZF%L. /59 is a prime number.
O BIRZ %L / There are infinitely many prime numbers.

O B p1, -+ oo NI 0 ADTEL A4 prx - x p, +1 —EREL. / Suppose p1, -+ ,pn

are the first n prime numbers, then p; X --- X p, + 1 must be a prime number.

O & n NIEEE, 2" +1 A—F /2B / Let n be a positive integer, 2" +1 is not necessarily

prime.
6. CHUEIEZE] (I d, £G5S ) AL T 525K
L MEEMR =,y € S, ML d(z,y) >0, H d(z,y) =0 HHMY 2 =y.

2. MEEM T 2,y € S, WE d(z,y) = d(y, z).
3. MMEE = 2y, 2 € S, WE d(x, 2) < d(z,y) +d(y, 2).

It is known that the metric space (denoted d, in set S), must satisfies the following;:

1. For any two points z,y € S, they satisfy d(x,y) > 0 and d(z,y) = 0 if and only if z = y.

2. For any two points z,y € S, they satisfy d(z,y) = d(y, z).
3. For any three points z,y, z € S, they satisfy d(z,z) < d(z,y) + d(y, 2).
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In the following proposed metric of R"™, which of them are metric space?

L. XTJ‘{I": (xla"' 7xn) ﬂ:] Yy = (yh"' 7yn)7 /Q\/FOI'.CU: (xla"' 7$n) andy: (yh'" )yn)7 let:

n

dla,y) = 3 (s — ).

i=1

2. 0w = (1, xn) Aly=(y1,- ,yn), & / For o = (21, ,x,) and y = (y1,- - ,Yn), let:

n

d(z,y) = (i —y:)*.

i=1

3. X x fly, % / For x and y, let:
0, z=y,
1, xz#uy.

O L 1. / Only 1.

O {2 2. / Only 2.

O ¢ 3. / Only 3.

O 4##E. / All of them.

7. BRAEEAER, B W T EBARR B E R IX, 20— SRR AN BN E
T ?

Given the fundamental theorem of algebra, that is “for any non-constant complex-coefficient poly-
nomial, it has at least one complex root.” Which of the following is not correct?
O MTEFBIFFENEREZIA, 20H—PIEUR.
For any non-constant real-coefficient polynomial, it has at least one real root.
O MTEFIEFEN n WERLZTX, 206 n MEEIR.
For any nonconstant degree n non-constant complex-coefficient polynomial, it has at least
n complex root.
O M TEFIRFEN n WERLZIE, ZATLUSHE n Iz — o F3EH.
For any nonconstant degree m non-constant complex-coefficient polynomial, it can be
written as n products of some of x — a.
O MNTEEEFEHRZIX, —EBRAZEHIR.
For any nonzero constant polynomial, it must not have a complex root.
8. JRAA 3" MEEFEMNER (% n ZIEEED, H—Mk/ NV NELER B T — D IsE i/ NE. ©
FNZE IR T HoAh 3" — 1 MOE SR IR, /DT BT LR RPN ] AR iR R ?
There were 3" apples of the same weight (suppose n is positive integer), but little bear ate an

unobservable hole in one of it. It is known that this apple is a little lighter than the other 3" — 1

apples. In the worst case, at least how many times of use of a balance can distinguish this apple?

O n.
O 3n.
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The Bear Resort often holds various events on Thursdays, and every event has its start time and

end time. The resort wishes to hold as many events as possible, so which of the following greedy

algorithm is correct?
O HEBHEITESNER / Select from the shorter events.
O HEFEHIERTESEEI / Select from the earliest starting events.
O HEMIFIRIIESIIER / Select from the latest starting events.
O B 5HMIEShES K/DIIEsIIEER / Select from the event that has least overlap with

the other events.

10. FAMEMmBPAZ /DA ‘o = 37 HILE(HATE S Al ?

How many of the following statements are the necessary but not sufficient condition for “x = 3”7

o x j& x? =9 HfE. / x is the solution to x* = 9.
o x 2 2% =9 [IEEU#. / x is the positive solution to 22 = 9.

o z J2A AL / x is an odd prime number.

hif

o xRN AL / x is the smallest odd prime number.

O o.
O 1
O 2.
O 3.
11, B8 @,y WARSEEEL, ARG BRS¢ R IER A JLI?

Suppose x and y are nonnegative real numbers, how many of the following equivalent statements

are correct?

e <y FENMTXNTHAHe>0,z<y+e.
x < y is equivalently that for all e > 0, x < y + €.

. T =0 HHTHTHAELRL C, o < L.

x = 0 is equivalently that for all positive real integer C, = < %

s r=y FMTXT <y Ha>y.
x = y is equivalently that x > y and = < y.

O o.
O L
O 2.
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/g

iy
Bl

Bear Resort

O 3.
12. SR REECFEHPEEN DN ICRI R R, X TAEREICE a,b, ¢, SR R TFE 2
o HM: a~a.

o RFRME: @~ b HHALE b~ a.

o B a~bHb~cfFa~c
NSRS R FR WL TR SR R R A LAY
Equivalence relation is a basic binary relationship between two elements in a mathematical struc-
ture. For any elements a, b, ¢, the equivalence relation must satisfy that:

o Reflexivity: a ~ a.

e Symmetry: a ~ b if and only if b ~ a.

o Transitivity: a ~ b and b ~ ¢ imply a ~ c.

How many of the following proposed equivalence relationship is equivalence relationship.

o FEFTHREE, a~b HHMY a—b 2 12 EEL
For all integers, a ~ b if and only if a — b is a multiple of 12.
o FERTA ST, XTAERLAENE ¢, a ~ b HHE p(a—b) =0.
For all real numbers, for any given function ¢, a ~ b if and only if ¢(a — b) = 0.
o FERTASEUH, AR LMTTRE o (615 a ~ b JHAE p(a—b) = 0.
For all real numbers, there exists some linear function ¢ such that a ~ b if and only if
p(la—0b)=0.

O 0.
O 1.
O 2.
O 3.

13. "N A A AR 2 SR A AL RO T
What is this maximum number of equivalent statements below?

o MTEEETIESES, WUMEE - MHESOEE N EEESTH— TR,
Give a collection of nonempty sets, it is possible to construct a new set by choosing one element

from each set.

o HNMEETHMAETLFHNT T RYEU TR

Each set has some least element under some ordering.

o HEETHEMFAERFHET T RISCITR.

Each set has some largest element under some ordering.

o FAEETEHT T, HF A LA

For any ordering of the subsets, there exists an upper bound.

I R %5 71, £ 11 71 / Page 5 of 11 I I N
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O 1.
O 2.
O 3.
O 4.

14, Z5 58 24 /NI RVRE R 20 43080, 2RI RN LS AE— D 4850 (h,m) € {0,1,---,23} x
10,1, , 59}, MR Apid— 20 A1 R — 2, H (23,59) 2 (0,0) AFRER AR S, 320 A
TR T —MEER. FHIEI R E?

Consider the 24-hour time accurate up to minutes, the time at each moment can be written as a
2-dimensional tuple (h,m) € {0,1,---,23} x {0,1,---,59}. Suppose the elapse of each minute is
the same as how time works, and we neglect the date difference from (23,59) to (0,0), the time

system forms a cycle. Which of the following statement is correct?

O MTAEZEWANBIE (he,my) F (ha,ma), (hy + ho, mq +mo) {5EJEIXA B RARE, HFE
TR B AL
For any two times (hy,m1) and (hz, m2), (hy + ha, my +ms) still abide this standard, and

expresses the sum of the two time spans.

O & (hym) AT LABEFH A5 60k + m FRELERLL 1439 AYAREL

Any (h,m) can be equivalently transformed into 60h + m and keep the remainder after
dividing 1439.

O Bk ¢ &7 ARz I R — 7R, W2 ¢((0,0)) = (0,0) B FAER M ]
(h1,my1) Fl (ha,ma) R @((h1,m1) + (ha,m2)) = @((h1,m1)) + @((ha,m2)), H +
SERTRIFIE AR, B2 (hym) BT ((h,m)) = (0,0) fRMAECE /2 1439 IIFREL
Suppose @ is a function that can transform between this time system, which satisfies that
©((0,0)) = (0,0) and for any two times (hy,m1) and (ha, m») satisfying that ¢ ((hy,m1)+
(hg,mQ)) = gp((hl,ml)) + go((hg,mg)), whereas + satisfies the ordinary time addition,
then (h,m) such that ¢((h,m)) = (0,0) must have the number of elements as a divisor
of 1439.

O FAE— DI TA R G A FFE AL 2 2 BOEE A B 0 T A S ] 54— P [ DA T R A
) R SR AR 2 ] — B [
There exists a time system multiplication that satisfies the distribution rule, such that for
each time, we can find another time so that the product of those two times is a constant

time.

15, BEATRAKERT S, FEEEE N UET SV(x) = 0 M TEMEAN = Hf SV &
S(S(---S(x)) WEFIZHE T N k. FHIGGEIERIZ?
A nilpotent operator is a linear operator S in which there exists a positive integer N such that
SN(x) = 0 for all z. In particular, SV means S(S(---S(z))), where the operator is applied N

times. Which of the following statement is correct.

O R S B MEMEETIFWE: N TAER « MAEEREE N LET SV(2) =0, B4 S
EERET

. . % 6 5T, 4t 11 71 / Page 6 of 11 I B
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If S is a linear operator satisfying that: for any x, there exists a positive integer NV such
that SN (z) = 0, then S is a nilpotent operator.

O ffE—NMERE T K LIET K(z+ S(2)) ==
There exists a linear operator K such that K (z + S(z)) = =.

O MM EFETFHIEEERE T, HETIHHATREE N NE T HET R R R LNZIEL
The sum of two nilpotent operator is nilpotent, and the order of the sum is the greatest
common divisor of the order of the respective nilpotent operators.

O GEE—NMEEET K UET K(S(x)) ==
There exists a linear operator K such that K (S(z)) = .

16. B — ML RB LI, WL 2 WAL D AESEUR, THE a + bi, B2 HALHEEEL, THE a - b,
WA ZIZ L WA — . B R PSRRI “ 2R A— DR 5 A L7
Suppose you have a polynomial of real coefficient, if the polynomial as a non-real root, say a + bi,
then its complex conjugate a — bi will also be a root to the polynomial. How many of the following

conditions can be the sufficient condition for “polynomial has at least one real root?”

o ZIH R EHEON AL, I L0 23.

The polynomial has real coefficents, and the degree of the polynomial is 23.

o ZUGURY REECOVA L, H HRE0E 12.

The polynomial has rational coefficents, and the degree of the polynomial is 12.

o Z I REHONEEEL, H HIEUZ 35.

The polynomial has integer coefficents, and the degree of the polynomial is 35.

o z=1ZZIA— TR

x =1 is a root of the polynomial.

O o.
O 1.
O 2.
O 3.

17. i f(x) 18, CRENHET LR f(2) X (0,2m) i
flz) ~c+ Z (an sin(nz) + b, cos(nz)).

n=1
NIRRT
Suppose f(z) is continuous, it is known that Fourier series is can write the function f(x) on interval
(0,27) as:
flz) ~ec+ Z (an sin(nz) + b, cos(nz)).
n=1
Which of the following description is correct?
O WAk fz) Z2HEEE (B f(2) = f(—2)), B4 f(z) £ (=2m,2m) A LM sin(nz) 5.
If f(x) is a even function (i.e., f(x) = f(—=x)), then f(z) can be expressed with only

. . 85 7 5T, 4t 11 71 / Page 7 of 11 I B
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sin(nx) terms on (—2m, 27).
O R f(x) ZERE (A f(z) = f(—)), W2 f(x) 78 (=2, 27m) WL cos(nz) FoR.
If f(z) is a even function (i.e., f(z) = f(—=x)), then f(z) can be expressed with only

cos(nx) terms on (—2, 27).

O WR f(z) BFEL B f(z) = —f(-2)), W2 f(z) 4 (=2, 2m) ATLMUH sin(nz) #
IN-
If f(z) is a odd function (i.e., f(z) = f(—x)), then f(z) can be expressed with only

sin(nx) terms on (—2, 27).

O Wk f(x) BEE (H) f(2) = —f(-2)), W24 f(x) 4 (=2, 2m) ATLMUH cos(nz) 3£
7N-
If f(z) is a odd function (i.e., f(z) = f(—x)), then f(z) can be expressed with only

cos(nx) terms on (—2, 27).

18. ©AfE-FBEdI, FrARERE 3 B 9 BEERAVEAEUALRItLRE L 3 B0 9 BEBR. (F]: 522 WTLA#E 3 #1019
ER, POVEAIALZ 5+ 2+ 2 =9). THIEEH RETWAREEIENE LT
Note that in decimal numbers, all the numbers that is divisible by 3 or 9 must have the digit sum
divisible by 3 or 9. (E.g.: 522 is divisible by 3 and 9, since the digit sum is 5+ 2+ 2 = 9). For the

following given numerical system, how many of the following properties are true?

o FE/NBERIF, 180 7 ARERR.

For octal (base-8) numbers, all numbers divisible by 1 or 7.

o LT, 2 5016 AUEEER.

For base-17 numbers, all numbers divisible by 2 or 16.

o AR, 3 B 11 AYERER.

For base-12 numbers, all numbers divisible by 3 or 11.

o fEHTBERI, 14 HOEERR.

For base-15 numbers, all numbers divisible by 14.

O L
O 2.
O 3.
O 4.

19. BHTFIRT [ R — R =50, il eI ER E 551

Given the following three conditions about f : R — R, order them from the strongest to the weakest.

I R % 8 T, 4L 11 Ty / Page 8 of 11 I I N
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L f74E C >0, LETHTILE 2,y €R, |f(z) — f(y)] < Clz —yl.
There exists some C' > 0, such that for any z,y € R, |f(x) — f(y)| < |z — y|.

2 XMTFE e > 0 fla e REFES > 0 LIEFAME |z —yl <0 1y € R &L
[f(x) = fly)l <e.

For any ¢ > 0 and = € R, there exists some § > 0 such that all y € R in which |z —y| < 0
satisfies that |f(z) — f(y)| < e.

3. flw+y) = flx)+ fly) W THEE z,y € R.
flx+y) = f(x) + f(y) for all 2,y € R.

Ol=2=3.
Ol=3=2.
O3=2=1.

O3=1=2.

AT £ R = R AHEL B f(2) = f(y) HGEOY o =y, FHFMAEDR f: R >R AH
SR EAEATE P A2
Define a function f : R — R to be injective as f(z) = f(y) if and only if 2 = y. Which of the

following condition is the necessary but not sufficient condition for f being injective?

O HE—NTTH g: R > R LETXTE 2 €R, g(f(:v)) =z.
There exists a function g : R — R such that for any =z € R, g(f(x)) =uz.

O HFHE—NITE g: R — R UETHTHT 2 € R, f(9(z)) ==
There exists a function g : R — R such that for any z € R, f(g(x)) =z

O f(z) =0 w2 H 1

f(x) =0 has at most one solution.
O flz) =z ZZH 1.
f(x) = z has at most one solution.

AVINRER T — R IRE R BCEIR. MIAEA 3 SRR E M, HAAEE 120 Zfh (122
120 =, 3£ 120 J2) M2k S A S BREIER. TR BRERE CE AL, 2/
velliz e

Little bear invented a rigid toy ball. He now has 3 samples that are as rigid, and he wants to test
on a 120-level floor (level 1 to 120, a total of 120 levels) of the highest floor such that the ball would
not break. Note: The ball cannot be used for testing once it is broken. How many tests does he

have to conduct at least?
O 4 ¥k / 4 times.
O Tk /7 times.
O 8 ¥k / 8 times.
O 12 & / 12 times.

. . 55 9 BT, 4t 11 77 / Page 9 of 11 I B
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B _EA n AU, AR TURZ AR REA 5. LUNSATPA R R R A
RSB R A SRR 2T
Suppose there are n vertices, and there could be one connection line between any of the two vertices.
Which of the following is not the sufficient condition for “there exists a connection composed of
some connection lines between any two points”?
O Pl L34 n® — 3n + 2 i
The plane has a total of n? — 3n + 2 connection lines.
O P E—4h n — 1 FKELHA E.
The plane has a total of n — 1 connection lines and they do not form any cycle.
O EHBBREE RN HEL, EERARINMN RZ AR SRR R IE .
If we remove any point and its associated connection lines, any two remaining points has

a connection composed of some connection lines between any two points.

O GBI — I 2 % RINIEL, RN R AT B AR LA R .
If we add a point and two connection lines associated to the new point, any two points

has a connection composed of some connection lines between any two points.

IS AR A — A2 EIE, A IRTUE?
If only one of the choices below is true, what is the choice?

O XM IETEME—RYETE / This choice is the only truth.

O THANET EEAEDS / The choices below has no truth.

O FHpEI E B A E 15 / The choices above has no truth.

O FE=RIASEELE / The third choice is not truth.
T, LEAWAICE, Hh 70 =0, 12 =0, H TLT = L, Her O REBAIT, RIFEET 75
iy O g E SRR, RS O MERT, T A L H5IH G ReE 2 DR 9 JE 25 e 517
Define T, L as two elements, such that T" = [, 1?2 = [0, and TLT = 1, where [J is the identity

element, that is, you can remove [J in any sequence. When excluding [J, how many nonempty,

unique sequences can the permutation of T and 1 generate?

O n+1.
O 2n—1.
O 2" — 1.

O JtBRZ / Infinitely many.

X ARG G R
This is the end of this Exam.

. . %5 10 5T, 4t 11 51 / Page 10 of 11 I B
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