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7 goes on and on,
and e is just as cursed.
I wonder, how does 7 begin

When its digits are reversed?

- Martin Gardner
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Rules of the Competition

e This test consists of 40 multiple choice questions. Each question is followed by answers
marked A, B, C, D, and E. Only one of these is correct.

e Mark your answer to each problem on the provided answer sheet. For each question,
blacken the circle corresponding to at most one answer choice. Completely erase errors

and any stray marks. Only answers properly marked on the answer sheet will be graded.

e SCORING: There are three sections in this test.

Section 1 consists of 25 questions, each one worth one point. Section 2 consists of 10
questions, each one worth two points. Section 3 consists of 5 questions, each one worth

three points.

A correct answer to a question earns the full point value of the question. An incorrect
answer carries a penalty of 25% of the point value of the question (that is, there is a
penalty of 0.25 for incorrect answers in Section 1, a penalty of 0.5 for incorrect answers in
Section 2, and a penalty of 0.75 for incorrect answers in Section 3). You neither win nor

lose points for questions that are left unanswered.

e Contestants may not consult textbooks, notes, other people (apart from teammates),
electronic devices (including calculators, mobile phones, etc.), or any other resources during
the test.

e Figures are not necessarily drawn to scale.

e Before beginning the test, please make sure to write the name of your school, your team’s

name (if you have one) and the names of all members of the team on the answer sheet.
e You have 90 minutes to complete the questions.

e At the end of the 90 minutes, each team should submit one answer sheet.
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Section 1

There are 25 questions in this section. Each question is worth 1 point. An incorrect answer

carries a penalty of 0.25 points.

1. How many of the following statements are correct?

e 7 is the ratio of the circumference to the diameter of a circle

o T=314
071':%

e 7 is an irrational number.
(a) 4 (b) 3 (c) 2 (d) 1 (e) 0

2. Omar decides to go on a long drive of 10,000 km in his new four wheeled car. He occa-
sionally swaps his spare tire so that all five tires are used for the same distance when he
reaches his destination. How many kilometers will each tire drive?
(a) 7000 (b) 8000 (c) 8500 (d) 9500 (e) cannot be determined

3. There are nine marbles placed from left to right. The marbles are of four colors: blue,
green, red, and blue. We know the following facts about the way marbles are placed:

i. The marbles on positions 1, 3, and 5 are red,
ii. Exactly two marbles are green,
iii. The only blue marble is on the seventh position,
iv. At least one yellow marble is between two green marbles.
v. Marbles on positions 8 and 9 are both yellow.
What is the color of the marble at position 47
(a) Blue (b) Green (c¢) Red (d) Yellow (e) Cannot be determined.
4. Suppose that |z — 4] = y, where < 4. What is the value of z — y?
(a) —4 (b) 4 (c) 4—2y (d) 2y —4 () 2y —4

5. The number 8% is the same as which of the following?

(a) 24° (b) 212* (c) 416 (d) 1612 (e) 2562

6. (1 —+/2)%017 x (1 +1/2)2916 is equal to
(a) —1 (b) 1 (c) 1+v2 (d) 1-v2 (e) V21



CMU-Q Pi Day Competition 2017 Preliminary Round

7. In January, a local stationery company reduced the price of calculators by 20%. There

10.

11.

was a second round of discounts in February and prices were reduced by 10% (from the
discounted prices in January). If a particular calculator costs QR 288 now, what was its

original price before the discounts?

(a) QR 320 (b) QR 360 (¢) QR 400 (d) QR 411.43  (e) QR 450

Both roots of the quadratic equation 22 — 252 + ¢ are prime numbers. What is the number

of possible values of ¢?

(a) 0 (b) 1 (c) 2 (d) 3 (e) >4

Which of the following is the set of all real numbers x satisfying the inequality
(3 —x)(2? 422 +8)
2 -9

> 07

What is the surface area of the given shape?

(a) 607 m? (b) 72w m? (c) 90m m? (d) 1087 m? (e) 2167 m?

D M C

Let ABCD be a square. A trapezoid
KLMN is drawn on this square as indi-
cated in the figure. The length of the line
segment AB is |AB| = bem, and similarly
|AK| = lem, |BL| = 2em, |CM| = 3cem,
|DN| = 4cm. What is the area of the trape-
zoid KLMN? N
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12.

13.

14.

15.

16.

17.

Let ABC be a triangle and D be a point on
the side BC. If |BD| = 2¢m, |DC| = 8cm
and the area of the triangle ABD is 6cm?.
What is the area of the triangle ABC?

Let f(z) = pz®+ (10 — p)z + 2p— 5. Find the value(s) of p so that f(z) = 0 has two equal

roots.

(a) =5 (b) 5 (c) £5 (d) 5.5 (e) None of these

Let 0 < z < y. Which of the following is equal to \/z +y +2,/xy X \Jz+y—2/xy?

(a) y—a (b) z -y (c) (z—y)? (d) % —y? (€) z+y

Find a negative value of x that satisfies the equation \/(xz +1)2 — (22 + 1) 4+ 2|z| — 6 = 0.

(a) =5 (b) —4 (c) —3 (d) —2 (e) —1

A fish tank, in the shape of a rectangular prism, is partially filled with water and its base
has the dimensions 60 cm and 80 cm. If a solid iron cube with side length 50 c¢m is placed
in the bottom of the tank, then height of the water in the tank rises to half of the cube.
What is the height of the water before placing the iron cube into the tank?

() £ (b) 42 ©) % () % () 52
Let ABC be a triangle and D be a point on A
the side AB. Let measure of the angle BDC
be a and measure of the angle DC'A be 15°. D
If |[AB| = |AC|, |BD| = |BC], then « ? «
B ¢
(a) 35 (b) 40 (c) 45 (d) 50 (e) 55
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18. You are traveling in a strange land where there are two types of people: Truthtellers and
Liars. Truthtellers always tell the truth and Liars always lie. During your travels you meet
Alice and Bob. Alice tells you “we are both liars”. What can you determine about Alice
and Bob?

(a) They are both Liars (d) Alice is a Truthteller and Bob is a Liar
(b) They are both Truthtellers

(c) Alice is a Liar and Bob is a Truthteller  (e) Not enough information is given

19. Let f(z) be a one-to-one and onto func- t
tion on the interval [0,2]. Find the value
@)
fUF)
v
(a) =3 (b) =3 (c) 0 (d) 3 (e) 3

20. For all odd integers n, which is always a divisor of n? — 17?
(a) 3 (b) 7 (c) 8 (d) 12 (e) None of these

21. Ahmed completes a lap around a track in 1 minute but it takes Badir 1 minutes and 7
seconds to complete a lap around the same track. If they begin running at the same time
and location, how many complete laps will Ahmed have run when he passes Badir for the

first time?
(a) 8 (b)9 (c) 10 (d) 11 (e) 13

22. For any positive integers m, n, let f(mn) = f(m)+ f(n). If f(2) = 3, what is the value of
f(8)?

(a) 5 (b) 7 (c) 8 (d)9 (e) cannot be determined

23. The numbers 1, 2, 3, ..., 12 on the face of a clock were removed and replaced in random
positions on the clock. We then go clockwise and record the sums of consecutive pairs of
integers on this clock. What is the average of the numbers we record (that is, what is the
average of the numbers obtained by adding consecutive integers on the clock face)?

(a) 8 (b) 10 (c) 11 (d) 12 (e) 13
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24. There exist positive integers A, B, and C with no common factor greater than 1, such
that
A 10g72 2 + B 10g72 3= C

What is the sum A + B + C?
(a) 6 (b) 7 (c) 8 (d)9 (e) 10

25. Let f(z) = (x+1)3 — 3(x + 1) + 3(x + 1) — 1. Which of these is identical to f(x)?
@) @+ WP+l (o) 4 @2 -1 () @—1)

Section 2

There are 10 questions in this section. Each question is worth 2 points. An incorrect answer

carries a penalty of 0.5 points.

1. A box contains 7 marbles, three red and four blue. Marbles are removed randomly one at
a time until either all the red marbles or all the blue marbles have been removed. What

is the probability that the marbles remaining in the urn are blue?

(a) 1 (b) § (c) 7 (d) 3 (e)

s

2. How many of the natural numbers up to and including 2017 are divisible by 3 or 4 but not
by 57

(a) 773 (b) 807 (c) 901 (d) 1008 (e) 1176

3. The product of three consecutive positive integers is 16 times their sum. What is the sum

of the squares of the three numbers?

(a) 149 (b) 194 (c) 245 (d) 302 (e) 365

4. A triangle with side lengths in the ratio 3:4:5 is inscribed in a circle of radius 4. What is

the area of the triangle?

(a) 13.44 (b) 15.36 (c) 17.28 (d) 20.16 (e) 23.04

5. Let a1,a9,as,... be a sequence of positive integers such that a; = 1 and, for all k, the
average of the first £ + 1 terms is twice the average of the first k terms. What is the 10th

term of the sequence?

(a) 2816 (b) 4608 (c) 5392 (d) 9216 (e) 10240
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6. If a = V9 — /341, then (4=2)6?
(a) 3 (b) 6 (c) 8 (d) 9 (e) 12
7. Let A = 999999999 and B = A% + 2A. What is the number of digits of B?

(a) 8 (b) 9 (c) 16 (d) 17 (e) 18

8. Let XYZ be a triangle. Suppose that
|IXZ| = 10em, |XY| = 16cem, |YZ] =

18em, |XB| = |BZ|, |XA| = |AY|, and > B
|Y'C| = |CZ|. What is the area of the trian-
gle ABC? H HH

Y C Z
(a) 511 (b) 6v/11 (c) 6v13 (d) 6v15 (e) 7V15

9. There are 100 students taking a math test and there are 5 questions in this test. For
each question, the number of students who answered correctly is 50. What is the smallest

number of students whose number of correct answer is no more than two?

(a) 21 (b) 18 (c) 17 (d) 16 (e) None of these

10. In ancient times, mathematicians calculated approximate values of m by calculating the
perimeters of regular polygons inscribed in or circumscribed about a circle. What approx-
imate value do we get by calculating the perimeter of a 12-sided regular polygon inscribed

in a circle?

(a) 3 (b) 10(v3-v2) (c) 6V2-+3 (d) Z (e) 43

Section 3

There are 5 questions in this section. Each question is worth 3 points. An incorrect answer

carries a penalty of 0.75 points.

1. If f(0) =0, f(1) =1and f(3n—1) = f(n) —1; f(3n) = f(n); fBn+1) = f(n)+1 for
all n > 1, then what is f(2017)?

(a) 7 (b) 5 (c) 3 (d) 1 (e) 0
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2. Two circles of radius one are tangent to each
other and placed inside a 2 x 4 rectangle.
What is the radius of the small circle that is — —_—
tangent to the two circles and a side of the

rectangle? T

(a) 3 (b) %2 (c) 3 (d) 1 (e) 3

3. Find the number of positive integers n such that 1 +v/n2 —9n + 20 > v/n2 — 7n + 12.
(a) 0 (b) 1 (c) 2 (d) 3 (e) 4

4. Which of the following value of z is equal to the acute angle satisfying the equation
L4 1 _9./f?

cosx sinx

(a) 15 (b) 25 (¢) 30 (d) 35 () 45

5. Three cards, each with a positive integer written on it, are lying face-down on a table.
Muna, Priya, and Tina are told that (i) the numbers are all different, (ii) they sum to 13,

and (iii) they are in increasing order, left to right.

First, Muna looks at the number on the leftmost card and says, “I don’t have enough
information to determine the other two numbers.” Then Priya looks at the number on the
rightmost card and says, “I don’t have enough information to determine the other two
numbers.” Finally, Tina looks at the number on the middle card and says, “I don’t have

enough information to determine the other two numbers.”

Assume that each person knows that the other two reason perfectly and hears their com-

ments. What number is on the middle card?

(a) 2 (b) 3 (c) 4 (d) 5

(e) There is not enough information to determine the number.
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