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2020 and Friday, February 7, 2020. More details about the CIME are in the back of this test booklet.
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1. What is the value of
202+0!

— 4 20*?
2+0+2+0+

(A) 2018 (B) 2019  (C) 2020 (D) 2021 (E) 2169

2. For how many integers n does 22" = 27" hold?
Ao @®1 (©2 (D3 (E)4

3. Jerry is at the gym and is going to use the bench press. He wants to put on 5, 5, 10,
10, 10, and 20 pound weights on either side of the bar such that the bar is balanced.
If equal weights are indistinguishable, the two sides of the bar are distinguishable, he
must use all six weights, and order doesn’t matter, how many ways can he put on
these weights?

Ao @2 (¢4 (D6 (B)S8

4. Let f(n) = n®>+n+2020. What is the sum of the distinct prime factors of the number
£(2019)?

(A)90 (B)108 (C)110 (D) 111  (E) 676

5. A regular hexagon with side length 2 is positioned in the coordinate plane such that
it has one vertex at (3,0) and another at (—1,0). What is the ratio of the area of the
portion of the hexagon to the right of the y-axis to the area of the portion to the left?

(A)2v3  (B)4 (C)5 (D)3V3 (E)6

6. Let n be a positive integer, and consider the set
S =1{1,4,9,16,25,36,n}

where all seven of its elements are distinct. We replace every odd element k of S with
k+ 1, and we replace every even element k of S with k—1. It is given that the median
of the resulting set is equal to the median of S. How many possible values of n are
there?

Ao @®1 (€2 [D3 (E)G6

7. Let ag, ay, ..., a9 be real numbers such that ag = 0 and a, + a;}rl = 2 for every
integer n > 0. What is the value of the product ajas - - - asg19?
1 1 1 1

(4) 2020 (B) 2019 (©) 1010 (D) 1009 (E) 1
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10.

11.

12.

13.

. A circle of radius r centered at the origin of the coordinate plane intersects the graph

of 22 +y = = + 9 at exactly two points. What is the maximum possible value of ?

W5 ® ©1 OV (®):

. Tasty and Stacy are playing a game. Tasty rolls a fair 6-sided die and Stacy rolls a

fair n sided die, whose faces are numbered from 1 to n. Stacy wins if the sum of the
values of the two dice is divisible by 5. For which of the following values of n does
Stacy maximize her chances to win?

(A)6 (B)7 (C)s (D)9 (E)10

How many subsets S of the following four are there such that it is possible for all
statements in S to be true and all other statements to be false?

At least one of these statements is true.

Both this statement and the following statement are true.
e This statement is true.

e The first statement is false.
A)r B)2 (©)3 (D)4 (E)5

Positive integers by and bg have the property that there is a unique positive integer bs

such that
by  bs  bg

2R &
If by + bg = 24, what is the unique value of b5?

1>

(A)9 (B)10 (C)11 (D)12 (E)13

Let P(z) be a polynomial satisfying P(1+2") = 3+ 4" for all integers n. What is the
value of P(0)?

Ao @®1 ()2 (D3 (E)4

There exists a positive integer n such that

/ 1000
\//71 + n+vn+---= ;%‘;:“‘Iaﬁtr‘

1000
nt o

What is the sum of the digits of n?

(A)1 (B)2 (C)9 (D)10 (E)18
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14.

15.

16.

17.

18.

19.

20.

Let ABCD be a rectangle. Suppose the vertices of ABC'D have x-coordinates of 1,
2, 3, 4 in some order. What is the minimum possible area of ABCD?

9
@2 ®4 (©,

D)8  (E)9

Let || denote the greatest integer less than or equal to . What is the sum of the
squares of the real numbers x for which 2 — 20|z | + 19 = 0?
(A) 362 (B) 702 (C) 703 (D) 1024 (E) 1405
Let P be a point in the interior of square ABCD so that the ratio of the areas of
ANACP and ABDP is 2 : 1 and the ratio of the areas of AABP and ACDP is 3: 1.
What is the ratio of the areas of AADP and ABCP?
1 1 2 5 5
A) = B) - C) - D) — E) -
W ®; ©2 ®g ®:
We say that a parallelogram is non-tilted if it has at least one pair of opposite sides
parallel to one of the coordinate axes. How many non-tilted parallelograms are there
whose vertices are points (a,b) with integer coordinates 0 < a < 4 and 0 < b < 47
(A) 300 (B) 400 (C) 500 (D) 550 (E) 600
For a set of positive integers S, its primality is the number of primes that divide some
element of S. For instance, {1} has primality 0 and {12,21} has primality 3. If a set
S of n consecutive integers has primality 10, what is the maximum possible value of
n?
(A) 1 (B) 10 (C) 16 (D) 30 (E) 46
Let ABC be a triangle with AB = 30, BC = 51, CA = 63. Points P and Q lie on BC,
R lies on CA, and S lies on AB such that PQRS is a parallelogram, and the center
of PQRS coincides with the centroid of AABC. What is the area of parallelogram
PQRS?
(A) 84 (B) 126 (C) 168 (D) 336 (E) 378
Over all N > 0, what is the maximum possible number of permutations a, b, ¢, d,
e of the integers 2, 3, 5, 7, 11 such that it is possible to put parentheses around the
expression
a+b+c+d=+e

so that it equals N7

(A)6 (B)24 (C)36 (D)60 (E)120
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21.

22,

23.

24.

25.

Let acute AABC have circumradius of length 10. Suppose D is the foot of the altitude
from A to BC such that BD =4 and CD = 8. The area of AABC' can be written as
a+ by/c for positive integers a, b, ¢, where ¢ is not divisible by the square of any prime.
What is the value of a + b+ ¢?

(A) 72 (B) 74 (C) 76 (D) 78 (E) 80

Mr. Green gives his large class of 2020 students a test with n problems. For each prob-
lem, a student receives p points, where p € {1,2,n}. After grading all the students’
papers, he realizes that every student has a unique total number of points. What is
the smallest possible value of n?

(A) 45 (B) 46 (C) 62

(D) 63 (E) 64

Let A, B, C, and D be four points in space such that
/LBAC = ZCAD = ZDAB = 60°.

If AB=1, AC =2, and AD = 6, then what is the square of the distance between A
and the plane of ABCD?

@W: ® ©f ™o ®1

How many ordered triples (a,b,c) of not necessarily distinct positive integer divisors
of 216, 000 satisty

lem(a, ged(b, ¢)) = lem(b, ged(a, ¢)) = lem(c, ged(a, b))?

(A) 33,830  (B) 81,200  (C) 106,400 (D) 120,960  (E) 212,800

Call a four-digit positive integer asuboptimal if the sum of two of its digits is equal to

the sum of the other two digits. For instance, 1234, 2020, and 9801 are all asuboptimal.
How many four-digit positive integers are asuboptimal?

(A) 1494  (B) 1557  (C) 1584 (D) 1632  (E) 1845



