
Mixed problems for 

Higher GCSE students



How to use these activities

These problems are aimed at Higher students but some of them only require 

Foundation skills; see top right-hand corner of question slide.

Read the problem. What maths do you know that might help you to solve it? 

What information are you given, and what can you work out from that? Will 

it help you, or do you need to consider a different approach?

When you’ve done as much as you can on your own, reveal the hints, one at a 

time, always trying to get a bit further on your own before you reveal the 

next hint. If you’re revealing hints that prompt you to do something you’ve 

already done then that’s a good sign!

Do as much as you can and then advance to the solution page.

Again, reveal only one line at a time. Compare each line with what you’ve 

done and see if you can take your own solution any further before you 

reveal the next line.

If you are working from a printout, cover up everything except the question 

itself, and take the same approach.

Don’t peek until you REALLY need to!



Big powers

Hints:

1. How can you tell whether a number is a multiple 
of 5? 

2. Write down the first few terms of the sequence tn
= 4n. Can you see a pattern that might be 
relevant to the “multiple of 5” rule? 

3. Can you link this to the power we’re dealing with?

4. Do the same for tn = 3n.

5. What conclusion can you draw?

Still struggling? Look at the last digit of each term.

Is 4333 + 3444 a multiple of 5?

Foundation/Higher



Big powers

Solution:

A multiple of 5  always ends in 0 or 5, so the question is 
whether 4333 + 3444 will give us that.

41 = 4, 42 = 16, 43 = 64, 44 = 256, 45 = 1024, 46 = 4096, ...

Every odd power of 4 ends in 4, and 333 is odd

so 4333 must end in 4

31 = 3, 32 = 9, 33 = 27, 34 = 81, 35 = 243, 36 = 729, 37 = 
2187, 38 = 6561, ... 

Every 4th power of 3 ends in 1, and 444 is a multiple of 4, 
so 3444 must end in 1

Hence 4333 + 3444 must end in 4 + 1= 5...

... So yes, 4333 + 3444 is a multiple of 5.

Is 4333 + 3444 a multiple of 5?



Farmer’s fields challenge

Hints:

First mark in all the “easy” sides and 
angles.

Then find the two equal sides of B.

Finally use these to find the area of B.

A farmer has two 

triangular fields, A 

and B. He wants to 

know the area of 

field B.

Higher



Farmer’s fields challenge

Solution:

PQ = PR = 10m

Use the isosceles triangles to find the missing angles, particularly RQS.

Use cosine rule to find QR:

QR2 = 102 + 102 – 2(10)(10)cos 28° = 23.41048...

=> QR = 4.8384m

And QS is the same length

So area of B = ½ (4.8384)(4.8384)sin 80° = 11.527 = 11.5m2 (3s.f.)

A farmer has two 

triangular fields, A 

and B. He wants to 

know the area of 

field B.

10m
80°



Circle in triangle (non-calc)

Hints:

The area of the triangle is 
straightforward – if you can 
remember the “special angle” trig 
ratios!

Adding lines of symmetry will help 
with the rest.

Now that you have some right-
angled triangles, you can use 
SOHCAHTOA to find the radius, 
and hence the area, of the circle.

A circle inside an equilateral triangle touches the mid-

point of each side. Find the exact shaded area.

Higher



Circle in triangle (non-calc)

Solution:

 area = ½ ab sin C 

= ½ x 10 x 10 sin 60 = 50√3/2 = 25√3

Draw in lines of symmetry.

Find radius of circle using 

tan 30 = r/5    and tan 30 = 1/√3

=>    r/5 = 1/√3 =>    r = 5/√3

=> circle area = r2 = 25/3

Subtract to give shaded area:

Area = 25√3 – 25/3   or   25(√3 – /3) 

A circle inside an equilateral triangle touches the mid-

point of each side. Find the exact shaded area.

30°60°
r



The repetitious number 
(quicker with calc but do-able without)

Write down any 3-digit number. Repeat this to make a 
6-digit number.

Divide the number by 7; there will be no remainder.

Now divide the result by 11. Again, there will be no 
remainder.

Finally, divide the result by 13. What do you notice?

Can you explain why this trick works?

Hints: 

What do you get if you divide the 6-digit number by the 
3-digit number?

Can you see a relationship between this and the 
divisors?

Why does it work?

Foundation/Higher



The repetitious number

Solution:

You end up back with the number you started with. Why?

If we call the 3-digit number n then the 6-digit number is 
1001n (because to create the 6-digit number, you’ve 
moved all the digits of the 3-digit number 3 places to the 
left (1000n) and then added the original number (+n))

1001 written as a product of its prime factors is 7 x 11 x 13

So by dividing by 7 then 11 then 13, you are dividing by 
1001

And 1001n divided by 1001 = n

Why does it work?



Missile collision (non-calc)

Hints:

How fast is one missile travelling relative to 
the other? Remember that they are 
travelling in opposite directions.

Are there any red herrings (pieces of 
unnecessary information) in this question?

How do you turn km/h into km per minute?

Two missiles are speeding directly towards each 

other, one at 9,000km/h and the other at 12,000 

km/h . They start 1,317 km apart. How far apart are 

they one minute before they collide?

Foundation/Higher



Missile collision (non-calc)

Solution:

The 1,317km is a red herring.

The difference between the missiles’ velocities is 12000 – -9000 
(since they are travelling in opposite directions) 

= 21,000km/h

So the speed of one missile relative to the other is 21,000km/h.

Divide by 60 to find the relative speed in km per minute:

21000/60 = 350km per minute

So, one minute before they collide, they must be 350km apart.

Two missiles are speeding directly towards each 

other, one at 9,000km/h and the other at 12,000 

km/h . They start 1,317 km apart. How far apart are 

they one minute before they collide?



How many tests? (non-calc)

Hints:

What will her overall total be, in terms of the 

number of tests? So what is her total so far?

Write two expressions and use them to form 

an equation.

Coming up to the last of a series of tests, Sam 

calculates that she needs a mark of 92% to achieve 

an overall average of 85% but only 17% to achieve 

the 80% threshold.

How many tests are there in the series?

Foundation/Higher



How many tests? (non-calc)

Solution:

There are 15 tests in the series.

If the number of tests is n then an overall average of 85% will 
mean a total of 85n marks.

Her total mark so far must be 92 less than this, i.e. 85n – 92

For an overall average of 80% she’ll need a total of 80n marks.

Her total so far must be 17 less than this, i.e. 80n – 17

So her total so far is both 85n – 92 and 80n – 17, which gives us 
an equation to solve:

85n – 92 = 80n – 17 

Solve to get n = 15.

Coming up to the last of a series of tests, Sam calculates that she needs a 

mark of 92% to achieve an overall average of 85% but only 17% to 

achieve the 80% threshold. All tests are marked out of 100.

How many tests are there in the series?



Camp dinner (non-calc)

Hint:

How many tins’ worth of food did each person 

eat?

At dinner on a camping trip, each tin of soup was 

shared between 2 campers, each tin of meatballs 

between 3 and each tin of chocolate pudding 

between 4. Everyone had all three courses and in 

total 156 tins were emptied. 

How many campers were there?

Foundation/Higher



Camp dinner (non-calc)

Solution:

Each person ate ½ tin of soup, ⅓ tin of meatballs 
and ¼ tin of pudding

At dinner on a camping trip, each tin of soup was shared 

between 2 campers, each tin of meatballs between 3 and 

each tin of chocolate pudding between 4. Everyone had all 

three courses and in total 156 tins were emptied. 

How many campers were there?

Total number of tins’ worth eaten per person = ½ + ⅓  + ¼ 

= 13/12 tins per person

Number of people x 13/12 tins per person = 156 tins

So number of people  = 156 divided by 13/12

= 156 x 12/13

= 144



Square peg, round hole

Hints:

• Think about the radius of the circle – what 
measurements does this give you on each square?

• You should be able to find the area of the large 
square in terms of r.

• Can you work out the side length of the small 
square in terms of r?

What fraction of the large square is 

shaded?

Foundation/Higher



Square peg, round hole

Solution:

• Side length of large square  = diameter of circle 
= 2r

• So area of large square = (2r)2 = 4r2

• Diagonal of small square = diameter of circle = 
2r

• Let side length of small square be s

• Using Pythagoras, s2 + s2 = (2r)2

• 2s2 = 4r2 so s2 = 2r2

• (So s = (2r2) = 2 r)

• Hence area of small square, s2, = 2r2

• 2r2 is half of 4r2

• So shaded area is HALF the area of the large 
square.

What fraction of the large square is 

shaded?

2r

s

s



Surds challenge (non-calc)

Hint:

Pythagoras is your friend!

Calculate the area of 

the square.
M is the mid-point of a 

line.

√3 + 2 cm3√2 – √3 cm

3cm

M

Higher



Surds challenge (non-calc)

Solution:

Unknown side of triangle A:

x2 = (2√3+1)2 – (√3+2)2

= {4x3 + 4√3 + 1} – {3 + 4√3 + 4}

= 13 – 7 = 6

So x = √6

So vertical side of triangle B is √6 + 3

Hypotenuse of B:

y2 = (3√2 – √3)2 + (√6 + 3)2

= {9x2 – 6√6 + 3} + {6 + 6√6 + 9}

= 21 + 15 = 36

So hypotenuse of B = √36 = 6

Triangle C: side adjoining triangle B is ½ of 6 = 3cm

Hypotenuse2 = 32 + √62

= 9 + 6 = 15

So hypotenuse of C = √15

Calculate the area of the square.
M is the mid-point of a line.

A
B

√3 + 2 cm3√2 – √3 cm

3cm

M √
6
 +

 3

Side of square

= hypotenuse of C

= √15

So area of square

= √152

= 15 cm2



Shared area of two circles

Hints:

Start by drawing a sketch. 

Splitting the overlap into two halves might help.

Can you see any triangles? What information do 
you have about them? 

What maths do you know that will allow you to 
work out the area? What additional information 
do you need?

Still struggling? Think about the areas of 
triangles and sectors.

Two circles, each of radius 5cm, have their centres 

6cm apart. Find the area of overlap to 2 d.p.

Higher



Shared area of two circles

Solution:

Sketch:

r = 5; call this distance CA 

Distance CB = ½ of 6 = 3

Use this to work out sector angle θ: 

cos
𝜃

2
=

3

5

=> 
𝜃

2
= cos−1

3

5
= 53.13° so θ = 106.26°

Now you can work out the areas of sector ACD and triangle ACD:

Sector area = 
106.26

360
× 𝜋 × 52 = 23.182 cm2

Triangle area = ½ x 5 x 5 sin 106.26° = 12.000 cm2

(Could alternatively have found this by using Pythagoras and then ½ bh)

Segment area = 23.182 – 12.000 = 11.182 cm2 = half of overlap

So total area of overlap = 2 x 11.182 = 22.36 cm2 (2 d.p.)

Two circles, each of radius 5cm, have their centres 

6cm apart. Find the area of overlap to 2 d.p.

A

BC

6cm

3

𝜃
2

D


