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ALGEBRA

Creating Expressions: Age 11+ Level *

1. No Five
Two numbers sum to three times their difference, and the larger of the two numbers is six more than four times the smaller number.

What is the value of the larger number?

Creating Expressions: Age 11+ Level ***

1. Random Digits
I have ten cards, each with a digit from 0 to 9 inclusive on it. I draw a card and then replace it three times, noting the value each time to make a three-digit number.

I then notice that the resulting three-digit number has the special property that it is equal to ten times the sum of its digits. 

What is the smallest non-zero number I could have drawn? 

2. Clocking Up
On my standard analogue clock face, I add three consecutive numbers, moving clockwise (e.g. 11, 12, 1) and one other even number larger than 6 on the clock, and get a multiple of 12. 

At least one number that I added was less than 6. What was the sum of all 4 numbers?

Creating Expressions: Age 14+ Level *

1. That’s Sum Product
Two numbers have a product that is equal to their sum. 

Express one number in terms of the other.

2. Consecutive 600
Two consecutive numbers multiply to get 600. 

What is their sum?


Creating Expressions: Age 14+ Level **

1. [image: ]Consecutive Dimensions 
A cuboid has dimensions that are consecutive numbers. 
The surface area is 214cm2. 

What is the volume of the cuboid?


Creating Expressions: Age 14+ Level ***

1. Fibonacci Divisibility
N is a whole number between 1 and 20. 
If N is divisible by 2, 2N+1 is divisible by 3, and 3N+2 is divisible by 5, what is the value of N? 
Is this the only solution under 20?

2. [image: ]Square Over
The diagram shows two identical squares inside a larger square. The side length of the larger square is 2cm. 

What is the largest possible area for the shaded region?

Equations: Age 11+ Level ***

1. Angles Galore
The product of two angles inside a triangle is 800 and the ratio of those same two angles is 2. 

How many degrees is the third angle?

Equations: Age 14+ Level *

1. Fruit Salad
At a shop, altogether 2 apples, 3 oranges and 4 bananas cost a total of £5, and 8 bananas, 8 oranges and 6 apples cost £12 together.

If I buy just one apple and one orange, how much do I spend? 

Equations: Age 14+ Level ***

1. Tri-pezium
An isosceles triangle is made by stacking similar trapeziums, where every trapezium has a base that is half the length of the base of the trapezium underneath. 

Let  be the height of the biggest trapezium and let  be the height of the triangle.

What is the value of ?

Functions: Age 11+ Level **

1. Double Triangle
The lines  and , along with the coordinate axes, outline two triangles. 

If the area of the triangle above the x-axis has four times the area of the one below, find the value of .


Patterns: Age 11+ Level **

1. Jamal Rules
Jamal writes down a sequence of 5 integers. The rule he uses is, “after the first three terms, each term is the sum of the previous three terms.” His sequence is -, -, -, 8, 13. 

What was his first term?

Other Algebra

1. The Better Saint Won
St John’s beat St Chad’s at badminton by winning more games than them. Had St Chad’s won two more games, St John’s would have only won twice as many games as St Chad’s, but as it is, St John’s have eight times as many. 

What was the final score of the match?













NUMBER

Factors: Age 11+ Level *

1. Square Prime
How many numbers less than 50 have exactly one distinct prime factor?

2. Number Wedding
Alex and Ashley are getting married and are very strict on how they each invite guests.

Alex can only invite guests in sets of five.
Ashley can only invite guests in sets of three.
Their favourite number is seven, so the total number of guests must be a multiple of seven.

What is the fewest number of guests that could be at the wedding?

Factors: Age 14+ Level **

1. Cutting Edge Product
By using the numbers 1, 2, 3, 4, 6, 8 exactly once, one in each of the blue circles, make the product taken along each side of the triangle be equal. 


2. Consecutive Properties
Three consecutive positive integers less than 20 are, in ascending order, prime, even and triangular. 

What is the product of these three integers? 


Fractions: Age 11+ Level *

1. Up to a Half
Find the value of (0.1 + 0.2 + 0.3 – 0.4) ÷ 0.5.


Fractions: Age 11+ Level **

1. As a Decimal?!
What is 18% of  (96% of ) as a decimal?

(Hint: you may use the fact that 27  64 = 1728.)

Fractions: Age 14+ Level *

1. Calculation Order
Write the three calculations below in descending order.
X: 0.6×0.5+0.4
Y: 0.6×0.5÷0.4
Z: 0.6×0.5×0.4


Place Value: Age 11+ Level **

1. Smallest Digit Sum
What is the last digit of the smallest positive integer whose digits add to 2019?


Place Value and Integers: Age 14+ Level **

1. Truth Sometimes Tells
There are four people, some of whom always tell the truth. The others always lie. 

The first person said, “An odd number of us always tell the truth”. The second person said, “An even number of us always tell the truth”. 
The third person said, “A prime number of us always tell the truth”. The fourth person said, “A square number of us always tell the truth”. 

How many of these four people were telling the truth? 


Place Value: Age 14+ Level ***

1. Secondary Number
For a given number, N, the secondary number of N is the largest number whose digits are made of the digits of the distinct prime factors of N, in some order.
For example, the secondary number of 10 is 52, and the secondary number of 16 is 2.

Which two-digit number gives the largest secondary number? 


Powers: Age 14+ Level *

1. Integer Search
Find the integer equivalent to .

Ratio (or Factors): Age 11+ Level ***

1. Perimetangle
A rectangle is three times as long as it is high. The area of a square is twelve times that of the rectangle. 

What is the ratio of the perimeter of the square to the perimeter of the rectangle?

Ratio: Age 14+ Level *

1. Squirrels Are Red, Scotland Is Blue
There are 120 000 red squirrels living in Scotland, which represents 75% of their population in the UK. 

How many more red squirrels live in Scotland than live in the remainder of the UK?


Something Number

1. Prime Triangle, Squared!
Tasmin writes down three two-digit integers. One is square, one is triangular and one is prime. She uses the digits 3, 4, 5, 6, 7, and 8 exactly once each. 

Which of the following primes does she write?  


2. Cubic Fraction
What fraction of the integers from 1 to 8000 inclusive are cubes?

3. Fly Fly
A car is driving towards a wall at a constant speed of 20mph. There is a fly on the bonnet. 

When the car is 1 mile away, the fly begins to fly towards to the wall at 20m/s, and when it reaches the wall, it instantly turns around and flies back towards the car at the same speed, and vice versa when it reaches the car. 

What is the total distance that the fly flies before it is sandwiched between the car and the wall?

4. Strong Bridge
When designing a bridge, the engineers must make it strong enough to hold 50% more weight than the things it has space for. 

On average, a person with a pram needs 4m2 of space and weighs 100kg, a person in a wheelchair needs 3m2 of space and weighs 90kg, and a person with neither a wheelchair, nor a pram, weighs 70kg and needs 2m2 of space. The bridge is 20m × 4m.

How much weight has the bridge been designed to hold?

5. Summer Job
I get a summer job and my first day is on Monday, and my last day is five Mondays later. 
On Mondays, Tuesdays and Thursdays, I work 6hrs/day. On Wednesdays and Fridays, I work 7hrs/day, and I don’t work weekends.

How many hours work did I do this summer?




























GEOMETRY

Pythagoras’ Theorem and Trig: Age 14+ Level *
A
B
M

N
C
D

1. Ashapers Assemble
The diagram shows a square, and two right-angled triangles forming a quadrilateral, ABCD, where M is the midpoint of AB and N is the midpoint of MC. 

Given that AM = AD = 1cm, what is the perimeter of the quadrilateral? 

P
Q
R
S


2. By the Apple Skin of Your Teeth
Eleanor peeled an apple and cut part of the skin into the shape shown. 

Given that SQ = 1, SR = 2 = PR, what is the length of PQ?





Pythagoras’ Theorem and Trig: Age 14+ Level ***
[image: ]
1. Side Splitter
The diagram shows a right-angled triangle PQR. The point S is the midpoint of the side QR and tan(∠QPR) = 3/2.

(The top corner is Q, the left corner is R, and the right corner is P, I just cannot diagram!)

What is the value of sin(∠QPS)?

2. [image: ]Tricircle
The diagram shows three touching semicircles with radius 1 inside an equilateral triangle, which each semicircle also touches. The diameter of each semicircle lies along a side of the triangle.

What is the length of each side of the triangle?


Angles: Age 11+ Level **

1. Heptagon Sum
The diagram shows a regular heptagon.  
qo
ro
so
to
po

















By writing p, r, s, and t in terms of q, what is the value of p + q + r + s + t in terms of q?

Miscellaneous: Age ?+ Level **

1. Side : Ratio
ABC is a triangle, and AB is the base. The point M lies on the side AC, and N on the line BC. 
The ratio of AM : MC is 1 : 2, and MN is parallel to AB. 

What proportion of the area of ABC is the trapezium ABNM?
(I write this to be both a mathematical exercise and an exercise in drawing a diagram without being given one.)
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