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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 and the

names of all members of the team on the answer sheet.
e You have 90 minutes to complete the test.

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






CMU-Q Pi Day Competition 2019 Preliminary Round

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. Let x,y, z be distinct positive integers satisfying x + 2y 4+ 3z = 75. What is the maximum

possible value of the sum = + y + 27
(a) 69 (b) 71 (c) 72 (d) 74 (e) 75
2. The expression 3 — 74+ 11 — 15+ 19 — 23 4 ... + 67 is equal to
(a) —32 (b) 32 (c) 35 (d) 36 (e) 99

3. Let a,b,c,d, e, f,m,n be distinct digits. What is the minimum possible value of the sum

of the two-digit numbers ab, cd, ef and mn?
(a) 112 (b) 114 (c) 118 (d) 120 (e) 124

4. Note that n! ( n factorial) is defined as the product of first n positive integers. Among the

following five numbers, how many of them are even integers?

(i) B!+71—-3
(ii) 254+ 7'+5
(iii) 3% 4+28 47
: 414-5!
(iv) I
(v) 36 +2°
(a) 1 (b) 2 (c) 3 (d) 4 (e) 5
11 2 2 2
5. If;%—%—k%za, theng—k?—kgisequalto
(a) a+1 (b) a (c)a—1 (d)a—2 (e) a—3
6. Let z = —%, Y= —% and z = —%. Which of the following is the correct ordering of
x,y, 27

(a)z<y<z b)z<z<y (c) z<zx<y dy<z<zx (e)y<z<z
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7. What is the number of real numbers = that satisfy the equation
(x — 8"+ = (8 — )10 7

(a) 1 (b) 2 (c) 3 (d) 4 (e) 5
8. What is the product of all x values that satisfy the equation |3z — 1| = 5z + 77

(a) =3 (b) -3 () (d) 1 (e) 3

e[S

9. Given a set S, let n(S) be the number of elements in the set. For two sets S and T, the
set S — T consists of all those elements of .S that do not belong to T

Let A and B be sets such that n(A) = 4n(B), n(B — A) = 2, and n(A) < 24. What is the

maximum possible number of elements in B?
(a) 4 (b) 5 (c) 6 (d)7 (e) 8

10. Suppose that the roots of the quadratic equation x? — (2m — 5)z + 12 = 0 are integers.

What is the smallest possible value of m?
(a) —4 (b) —1 (c) 3 (d) 6 (e) 9
11. Let a and b be positive real numbers. If /a + Vb =4 and a — b =8, then a is equal to
(a) 4 (b) 6 (c) 7 (d) 8 (e) 9

12. Let P(x) be a polynomial with P(z 4+ 1) = (z +2)2. What is the remainder when P(z) is
divided by x + 17

(a) —2 (b) -1 (c) 0 (d) 1 (e) 2

4 1 4
13. AT is equal to
(a) 35 (b) 5 () 35 (d) 7 () 3

14. The average age of a group of people is 20. The average age of workers in this group is 24
and the average age of students in this group is 17. If there is no people in the group who

is both a student and a worker, what is the ratio of students to workers in the group?

(a) (b) () (d) ()

Wl
[SVIN)
ol
ol
N[N
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15. Given pie chart indicates the ratio of working hours, in a typical day, for a student who
is preparing to take a standardized test. As indicated in the chart there are four subject
areas in the test: Mathematics, Chemistry, Physics and Biology. If the student works for
16 hours in a day, how many hours does he spend studying Physics?

(a) 3 (b)

NIEN]

(c) 4 (d)

N[O

(e) 5

16. An item is sold for 84 QR which has resulted a loss of 30 percent. What would have been
the percent profit if it had sold for 168 QR?

(a) 50 (b) 40 (c) 35 () 30 (e) 25

17. Let ABCD be a square with |AB| = 2c¢m. Given arcs have the centers A and C. What

is the area of the shaded region in cm??

(a) 2m — 2 (b)2r—3 (c) 2m—4 (d)7m—2 () m—1

18. In a farm, there are only rabbits and chickens. The total number of heads is 32 and the

total number of legs is 88. What is the number of rabbits in this farm?
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19.

20.

21.

22.

The age of Fadhel 10 years from now is equal to the age of Karem 6 years ago. In 8 years,

the age of Karem will be twice the age of Fadhel. What is the current age of Fadhel?
(a) 8 (b)9 (c) 10 (d) 12 (e) 15

A shop owner buys two types of rice. First type costs 1.2 dollar per kg and he buys 60 kg.
Second type costs 1.6 dollar per kg and he buys 40 kg. He mixes these two types of rice
to sell. What is the selling price of 1 kg of mixture if he puts 25 percent profit?

(a) 1.65 (b) 1.70 (c) 1.78 (d) 1.80 (e) 1.90

The circumference of the given circular bicycle track is 400 meters and O is the center
of the track. One cyclist starts from the point A and his speed is 18 meters per second.
Another cyclist starts, at the same time, from the point B with a speed of 13 meters per
second. If both of the cyclists are going clockwise, how many seconds later will the first

cyclist reach the second cyclist for the second time?

(a) 108 (b) 112 (c) 116 (d) 120 (e) 125

Consider the function f(z) =2z — 3. If (fof)(z) = 19, then z is equal to
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23. The following graph shows the buy and sell prices of 4 items: A, B, C and D. If we order

24.

25.

these four items with respect to profit ratio, which of the following is the correct order?

Prices of Goods

O Buy Price 7 Sell Price

(a) C<B< A<D (b)C<A<B<D (c)C<D<A<B

dC<D<B<A (e)C<B<D<A

99 +9% 4+ 9%+ 9% + 9% + 9%
3 + 3¢ '

Which of the following is equal to

(a) 32 (b) 3o+t (c) 2-37 (d) 430 (e) 3043

In the trapezoid ABCD, the lengths of sides AB and DC are 14em and 6¢cm, respectively.
If points F and F' are midpoints of line segments AD and BC, what is the length, in

centimeters, of line segment K L7

D 6 C
B F
K L
A - B
(a) 6 (b) 5 (c) 4 (d) 3 (e) 2
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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. The number 39.64 when expressed in base 5 is 124.315 as 39.64 = 1-5%2+2-5' +4.5943.
5~14+1.572. What is the second digit after the decimal point in the base-5 representation

of 7
(a) 0 (b) 1 (c) 2 (d) 3 (e) 4

2. A rectangle with perimeter 132 is divided into five congruent rectangles as shown in the

diagram. What is the perimeter of one of the five congruent rectangles?

(a) 58 (b) 60 (c) 62 (d) 64 (e) 66

3. The number of zeros at the right end of 5! = 120 is 1. Similarly the number of zeros at
the right end of 2,107,000 is 3. What is the number of zeros at the right end of 2019!7

(a) 403 (b) 483 (c) 499 (d) 502 (e) 505

4. The graph of y = f(4x + 2) is given below. What is the value of f(2) + f~1(2)?

y= (e +2)
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5. A magic square is an n x n square grid (where n is the number of cells on each side)

filled with distinct positive integers in the range 1,2, ...,n? such that each cell contains a
different integer and the sum of integers in each row, column, and diagonal is equal. The
sum is called the magic constant of the magic square. For example, in the 3 x 3 magic
square below, the magic constant is 15 (all row sums, column sums, and diagonal sums

equal 15). What is the magic constant for a 7 x 7 magic square?

(a) 111 (b) 126 (c) 140 (d) 168 (e) 175

6. A box contains 5 red marbles, 3 blue marbles, and 2 yellow marbles. Marbles are drawn

randomly one-at-a-time without replacement. What is the probability that the first two

marbles drawn have the same color?

(a) 28,100 (b) 38/100 (c) 3/10 (d) 28/90 (e) 38/90

7. Let ABC be a right triangle and measure of the angle CAB is 90°. It is also given that

the line segment C'E is the angular bisector. Moreover, |BE| = |BD|, |DE| = 6 cm and
|EC| = 8 cm. What is the area of the triangle DEC in cm??

(a) 6v/2 (b) 6v/3 (c) 12v/2 (d) 12v/3 (e) 242

8. If f(z) = ax* — br? + 22 — 1 and f(3) = 7, then f(—3) =?

(a) -9 (b) -5 (c) -1 (d) 3 (e) 7

9. Suppose that sina + sinb = 1/2/3 and cosa + cosb = /3/2. What is cos(a — b)?

(a) -1/6 (b) -1/12 (c) 1/12 (d) 1/6 (e) 1/3
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10. What is the number of rectangles (of all possible sizes) in the given diagram?

(a) 420 (b) 480 (c) 540 () 576 () 640

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. Three brothers are preparing to go to a party. Because it was cold outside, they want to
wear hats and gloves. There are three hats and three pairs of gloves to choose from. There
is a green hat, a blue hat, and a red hat. There is a pair of leather gloves, a pair of wool

gloves, and a pair of cotton gloves. We know that

(i) Adam did not wear the wool gloves.

(ii

The person wearing leather gloves was wearing the red hat or the green hat.

(iv) The person wearing leather gloves was Bob or Charles.

)
)
(iii) The person wearing the green hat wore wool gloves or cotton gloves.
)
(v) Adam did not wear the green hat.

)

(vi) Charles was wearing the blue hat or the green hat.
Which of the following is a correct match?
(a) Adam wore the red hat. (b) Bob wore the cotton gloves.

(c) Charles wore the blue hat. (d) Bob wore the green hat.

(e) Charles wore the wool gloves.
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2. Let ABC be a triangle and measure of the angle ABC' is 48° and measure of the angle
BCA is 24°. Tt is also given that the line segment AH is perpendicular to side BC and
|DC| = 2|BH|. Let = be the measure of the angle ADB. Then x is

A
48° a1 “/ 24°
B H D C
(a) 72° (b) 66° (c) 60° (d) 48° (e) 36°

3. A fair standard six-sided die is tossed three times. Given that the sum of the first two

tosses equals the third, what is the probability that at least one of the tosses resulted in

a ‘2’7
(a) 1/6 (b) 91/216 (c) 1/2 (d) 8/15 (e) 7/12
4. For any positive integer n, let f(n) = loggn, if loggm s rational' What is 2i:lgf(n)?
0, otherwise n=1
(a) logg 2019 (b) 6 (c) 55/3 (d) 58/3 (e) 22
5. How many zeroes does f(x) = cos(logz) have on the interval 0 < z < 17
(a) 0 (b) 1 (c) 2 (d) 10 (e) infinitely many
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