
Sample MAT

Rules
The rules, procedures, and format of this contest are as follows.

F The individual rounds consist of three rounds, each with three problems to be done in 30
minutes. One point is awarded for each problem answered correctly, for a total of 9 points
possible per person. The unique answer to each problem is a positive integer.

F Answers should be submitted via the form that we provide.

F The only acceptable aids are a pencil or pen, an eraser, blank paper, a straightedge, and a
compass. In particular, graph paper, protractors, and online aid are not permitted.

F Calculators will not be allowed on any part in this contest.

F During the time-frame of the individual round, there is to be absolutely no communication
between students once the questions are handed out.

F In the case of ties, we will have a tiebreaker round that follows the format of the individual
rounds. If two students get the same score, ties will be broken with the earlier submission time.

F During the tiebreaker round, the same rules and procedures for the individual rounds apply.

F Discussion will be permitted once the contest concludes.

Questions?
Email contest@mathadvance.org if you have any questions regarding errors, score, etc.



Set A

Problem 1
The operator �(=)denotes the number of divisors of =. For instance, �(4) = 3, since 4 has three divisors:
1, 2, and 4. Find the smallest positive integer = that satisfies �(�(=2)) = 4.

Problem 2
Harvey transforms a four-digit number by reversing the order of its digits, subtracting 1 from all digits
that are 1 more than a multiple of 3, and adding 1 to all even digits in that order. Harvey obtains 7793
after transformation. Find the number of distinct numbers that he could have transformed.

Problem 3
Two identical circles $0 and $1 with radius 1 have centers that are 4

3 units apart. Two externally
tangent circles $1 and $2 of radius A1 and A2 respectively are each internally tangent to $0 and $1 .
Given that A1 + A2 = 1

2 , then A1A2 = <
= for relatively prime positive integers < and =. Find < + =.



Set B

Problem 4
Steven has 4 lit candles and each candle is blown out with a probability 1

2 . After he finishes blowing,
he randomly selects a possibly empty subset out of all the candles. The probability his subset has at
least one lit candle equals <

= for relatively prime positive integers < and =. Find < + =.

Problem 5
Find the smallest positive integer = such that 9(= + 3) divides 4=! + = + 5.

Problem 6
Find the number of ordered pairs of positive integers (0, 1)with 0 ≤ 100 and 1 ≤ 10 such that neither
the numerator nor denominator of the below fraction, when completely simplified (i.e. numerator
and denominator are relatively prime), are divisible by five.

41 + 1211

20 − 31



Set C

Problem 7
Consider triangle ��� with medians �� and �� that intersect at �. If �� = �� = 8 and �� = 6, find
the value of ��2.

Problem 8
Find the remainder when 177 + 172 + 1 is divided by 3072.

Problem 9
The mad scientist Kyouma is traveling on a number line from 1 to 2020, subject to the following rules:

F He starts at 1.

F Each move, he randomly and uniformly picks a number greater than his current number to go
to.

F If he reaches 2020, he is instantly teleported back to 1.

F There is a time machine on 199.

F A foreign government is waiting to ambush him on 1729.

The probability that he gets to the time machine before being ambushed equals <
= for relatively prime

positive integers < and =. Find < + =.



Tiebreakers

Tiebreaker 1
What is the value of

(2019 + 2020)(2020 + 2021)(2021 + 2019) + 2019 · 2020 · 2021
2019 · 2020 + 2020 · 2021 + 2021 · 2019 ?

Tiebreaker 2
For each positive integer =, let B(=) denote the sum of the digits of = when written in base 10. An
integer G is said to be tasty if

B(11G) = B(101G) = B(1001G) = · · · = 18.

Find the the number of tasty integers less than 108.

Tiebreaker 3
Let � and � be on circle $ with a radius of 4 and its center at �. Let � be the midpoint of �� and let
� lie on ray �� such that �� = 6. If there exists point � on $ such that �� = �� and �� = ��, then
the ratio of the perimeter of 4��� to its area equals 0

√
1
2 where 0 and 2 are relatively prime positive

integers and 1 is not divisible by the square of any prime. Find 0 + 1 + 2.


