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Question 1

How many pairs of positive integers (𝑛, 𝑝), where 𝑝 is prime, satisfy

𝑛! + 5 = 𝑝?

A 0

B 2

C 4

D 3

E ∞
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Question 2

In the figure below, the outside equilateral triangle contains infinitely many equilateral triangles, each with
the same centre. The ratio of the side length of a triangle to the next inner triangle is 𝑘 with 0 < 𝑘 < 1.
The shaded area is 25

34 of the area of the original triangle. Find 𝑘.

A 1
2

B 4
7

C 5
7

D 3
5

E 3
4
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Question 3

The roots of 𝑥3 + 𝑘𝑥 + 𝑝 = 0 are 𝑎, 𝑏, 𝑐. Compute

𝑎3𝑏4 + 𝑎4𝑏3 + 𝑎3𝑐4 + 𝑎4𝑐3 + 𝑏3𝑐4 + 𝑏4𝑐3.

A 𝑝𝑘2

B −𝑝𝑘2

C 0

D −𝑝

E 𝑘3
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Question 4

Which of the following is the graph of 𝑦 = ln(sin𝑥)?

A A

B B

C C
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Question 5

Find the area of the region satisfying

4 ≤ 𝑥2 + 𝑦2 ≤ 9, 𝑦2 ≥ 3𝑥2.

A 3𝜋
5

B 3𝜋

C 4𝜋
9

D 5𝜋
3

E 8𝜋
5
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Question 6

A sequence is defined by

𝑥𝑛+1 = 1 − 2𝑥𝑛
√𝑥𝑛

3 , 0 < 𝑥𝑛 < (1
2)

2/3
.

If 𝑥𝑛 → 𝑎, find 𝑎.

A 1
3

B 2
5

C 6
7

D 1
2

E 1
4
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Question 7

You roll four fair six-sided dice. What is the probability that the four numbers can form the sides of a
rectangle?

A 5
72

B 5
54

C 1
27

D 7
54

E 2
27
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Question 8

Find the sum of all 𝑛 such that

16 + 2(𝑛
1) + 4(𝑛

2) +⋯+ 2𝑛(𝑛
𝑛) = 8

√
3𝑛.

A 8

B 2

C 2 log3 5

D 2 log3 15

E 0
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Question 9

Find the remainder when

𝑥12 + 7𝑥10 + 9𝑥8 + 6𝑥6 + 5𝑥4 + 2𝑥2 + 8

is divided by 𝑥2 + 1.

A 0

B 8

C 6 + 2𝑥

D 8 − 2𝑥

E −8
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Question 10

The following are three consecutive terms of an arithmetic progression:

log3 2, log3(2𝑥 + 1), log3(2𝑥 + 10).

Find 𝑥.

A 1

B log2 19
2

C log2 12
3

D log2 14
2

E log3 12
3

Zach/Cody Community Paper 11



Question 11

Let 𝑓(𝑥) = |𝑥3|. What is 𝑓 ′(𝑥)?

A −3𝑥|𝑥|

B 3𝑥2

C 3𝑥|𝑥|

D Undefined

E 3|𝑥2|
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Question 12

A sequence (𝑎𝑛) satisfies

𝑆𝑛 =
𝑛

∑
𝑘=0

𝑎𝑘 = 𝑛2 + 3
𝑛 − 1 .

What is 𝑎𝑛 as 𝑛 → ∞?

A 0

B 1

C 2

D 1
2

E ∞
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Question 13

Two football teams have 25 players combined. If Arithmetic FC sign Chris, their average age increases from
23 to 24. If Binomial United sign him, their average increases from 24 to 25. How old is Chris?

A 27

B 28

C 32

D 37

E 45
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Question 14

Let

𝐼 = ∫
𝑎

0
(2−𝑥3 − 1

2) d𝑥.

Find 𝑎 such that 𝑑𝐼
𝑑𝑎 = 0.

A 1

B 1
2

C 2

D 1
4

E 0
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Question 15

Let

𝑓(𝑥) = 𝑥3 − 3
2𝑥

2 − 6𝑥 + 𝑘.

Find all 𝑘 such that 𝑓 has three real roots.

A −7
2 < 𝑘 < 10

B 0 < 𝑘 < 10

C 𝑘 < 0 or 𝑘 > 10

D 𝑘 < −7
2 or 𝑘 > 10

E All real values of 𝑘
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Question 16

Find the area between the curves

sin(𝑥2 + 𝑦2) = 1, sin(𝑥2 + 𝑦2) = −1,

for 0 ≤ 𝑥2 + 𝑦2 ≤ 2𝜋.

A 𝜋

B 𝜋2
4

C 𝜋2
2

D 𝜋2

E 2𝜋
5
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Question 17

The three sides of a right triangle form the first three terms of an arithmetic sequence with positive common
difference. The area is 18. Find the sum of the first 100 terms.

A 3
√
3

B
√
3

C 5250
√
3

D 1200

E 1800
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Question 18

How many positive integer pairs (𝑥, 𝑦) satisfy

𝑥3 + 9𝑥2𝑦 + 27𝑥𝑦2 + 27𝑦3 = 318?

A 0

B 36

C 36 − 1

D 35

E 35 − 1
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Question 19

Find the greatest integer 𝑛 such that 3𝑛 divides 100!.

A 44

B 45

C 46

D 47

E 48
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Question 20

Which of the following is largest?

A (𝜋+𝑒
2 )2

B 𝑒𝜋

C 𝜋𝑒

D 𝜋3
𝑒
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