
Maths Problems Set 6 (23 June 2020)

1. A father is twice the age of his son, and the digits of the son’s age are the
digits of the father’s age reversed. What age is the father?

2. There are three jars, one with red fruit, one with blue fruit and one with
red and blue fruit. You can’t see inside the jars. Ammar has mischievously
relabelled the jars, but foolishly he tells you that each label is on the
wrong jar. Provide a strategy such that you can correctly relabel the jars
by checking a random fruit from a jar of your choice.

3. There are 100 ants on a 99 meter long rod, distributed on the rod such
that there is a distance of 1 meter between each ant and each ant is facing
towards the center of the rod. The ants move with a constant speed of 1
metre every 10 seconds and they change direction upon collision with one
another. How long until all the ants have fallen off the rod and how many
collisions will there have been?

4. What is the maximum possible area of a triangle whose perimeter has
length p?

5. Andrew, Bruce, Chloe, and David are sitting in a circle playing a passing
game where on any given turn the player with the parcel passes the parcel
to the left 25% of the time, to the right 25% of the time, and they hold
onto it 50% of the time. Given that Andrew starts with the parcel, find
the probability for each player of having the parcel on the n-th turn.

6. For an integer n > 1, prove that n4 + 4n is not prime.

7. Find the area shaded in red.
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8. Consider a set of lattice points. For what n can a regular convex n-gon sit
atop the lattice points such that each vertex of the shape lives on a lattice
point?

9. Let G be a convex quadrilateral. Show that there is a point X on the
plane of G with the property that every straight line through X divides
G into two regions of equal area if and only if G is a parallelogram.

10. Evaluate the following integrals:



(a)
∫

sinn(x)dx

(b)
∫

cosn(x)dx

(c)
∫ 1

1 − sin(x)
dx

(d)
π∫
0

x2 sin(x)

3 + sin2(x)
dx

11. Find the general solution to the following differential equations:

(a)
d3y

dx3
− 3

d2y

dx2
+ 4y = 0

(b)
d4y

dx4
+ 4

d3y

dx3
+ 6

d2y

dx2
+ 4

dy

dx
+ y = 0

(c) (4x+ 1)
d2y

dx2
+ 2x

dy

dx
− y = (x+ 1)2

12. Two particles X and Y of equal mass m lie on a smooth horizontal table
and are connected by a light elastic spring of natural length a and modulus
of elasticity λ. Two more springs, identical to the first, connect X to a
point P on the table and Y to a point Q on the table. The distance
between P and Q is 3a. Initially, the particles are held so that XP =,
Y Q =, and PXY Q is a straight line. The particles are then released.

Find the positions of particles X and Y in terms of the time since their
release.

13. Suppose we have a floor made of parallel strips of wood, each the same
width, and we drop a needle onto the floor. What is the probability that
the needle will lie across a line between two strips?

14. Alice and Barbara play a game with a pack of 2n cards, each of which has
a positive integer written on it. The pack is shuffled and the cards laid out
in a row, with the numbers facing upwards. Alice starts, and the players
take turns to remove one card from either end of the row, until Barbara
picks up the final card. Each player’s score is the sum of the numbers
on her chosen cards at the end of the game. Prove that Alice can always
obtain a score at least as great as Barbara’s.


