
Advanced Group Math Circle
Assorted Challenge Problems

Benjamin Keene

UCF

March 4th 2022

1/22



Introduction

We’ve covered many different topics each week, and have had an
opportunity to hear from many different speakers.

Question: How do you think you’ve grown mathematically?
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Introduction

One important facet of your mathematical maturity you have
strengthened is your intuition.

This is your capacity to predict and understand how mathematical
objects function without needing to be told or shown how.

If you spend a lot of time practicing a musical instrument, you can
sight read music. You use past experiences to predict future patterns.

Practicing your mathematical skills in various different topics helps
hone your intuition, and strengthens your ability to tackle new
problems you have no experience with.
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Challenge Questions

How is this going to work?

i. We have nine total questions.
ii. I’ll ask you the question, and you’ll have a few minutes to work

on it and think.
iii. If you think you know the answer, message myself or another

GTA through chat. If it’s correct then you’ll win a prize
(mathematics-related Kindle eBook).

iv. If you are incorrect, then you must wait until everyone else has
had an opportunity to answer – so don’t just guess!

v. Afterwards, we’ll discuss how to answer that question.
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Hint 1

I’ll give you a hint before each question. Here is the first hint.

a > b =⇒ 1
a ?︸︷︷︸

< or >

1
b
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Question 1

Which is greater: 2020
2021 or 2021

2022 ?
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Hint 2

How can you compare the following two numbers:

(3 × 4 × 100 × 100) versus (2 × 6 × 100 × 100)
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Question 2

Which is greater: 333333 × 444444 or 222222 × 666667,

and by how much?
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Hint 3

Calculate the following perfect squares, do you notice anything
interesting about them?

23 × 23 =
11 × 11 =

111 × 111 =
222 × 222 =
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Question 3

Does there exist a perfect square that ends in 9 distinct digits?
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Hint 4

I have the following five integers:

{−5, −2, 8, 12, 20}.

Pick three at random, what do you notice about the sign of the sum
of those three integers?
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Question 4

Suppose you have a set of 2002 integers, and the sum of any 100 of
them is positive.

Explain why the sum of all 2002 integers must be positive.
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Hint 5

How much smaller is 1 + 3 + 5 + 7 than 2 + 4 + 6 + 8, without
adding them up and comparing?
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Question 5

Without using the sum of integers formula, explain which is greater:

• The sum of all even integers from 0 to 100,
• The sum of all odd numbers from 1 to 99.

By how much is it greater than the other?
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Hint 6

You and your friends have started collecting Pokémon cards. Each of
you owns a different number of Pokémon cards.

If you add up the number of cards everyone owns, what is the
minimum possible total?
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Question 6

A group of 15 friends have collected a total of 100 Pokémon cards.

Show that 2 students own the same number of Pokémon cards.

16/22



Hint 7

You have nine pairs of socks in your dresser (and you have two feet).
If the sun has gone out and we live in darkness, how many socks
must you blindly grab from your dresser to guarantee you have at
least one matching pair of socks?
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Question 7

Suppose you have a collection of 11 natural numbers.

Show that there must be two numbers whose difference is divisble by
10.

18/22



Hint 8

How can the following expression be factored?

a · b · c + (2a) · (2b) · (2c)
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Question 8

Simplify the fraction

1 · 2 · 3 + 2 · 4 · 6 + 4 · 8 · 12 + 7 · 14 · 21
1 · 3 · 5 + 2 · 6 · 10 + 4 · 12 · 20 + 7 · 21 · 35 .
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Hint 9

If I give you any natural number n, what is the next consecutive
natural number?
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Question 9

Can the sum of four consecutive natural numbers be divisible by 4?
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