
Comprehensive Oxford Mathematics and Physics Online School (COMPOS)

Year 10 - Mathematics Assignment 01
Quadratics

Total Marks: 100

Welcome to the COMPOS Year 10 Maths Entrance Assignment. These problems are designed to stretch
you, so do not be discouraged if you cannot solve them all on your first attempt.

• The assignment is due by 23:59 BST, Thursday 1st October 2026 at the latest. There are no
extensions.

• To submit work you must have registered for the programme via our website by Thursday 24th

September 2026. No registration = no submission possible.

• Any submissions are governed by Admissions and Marking policy. [compos.site.ox.ac.uk/sites/
g/files/vzsiac1461/files/2026-08/admissions-and-marking-policy_2026.pdf]

• Solutions must be submitted one problem at a time, to the Google Quiz set up for Y10 Maths 2026.
Registered students will receive an email in a few weeks with information about this.

• Your solutions must be uploaded as image files or pdfs.

• Every problem must be handwritten on paper or in an e-notebook, showing full working, method and
reasoning, no method = no marks.

• This assignment must be entirely your own work. You cannot collaborate or get help to solve the
problems.

• You must not use AI.

• You can use a calculator, and consult additional resources to research the topics.

• Organise your work in a neat and coherent way, numbering each problem and clearly identifying your
final answer.

• Give each problem a go, and skip to the next one if you are stuck.
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C Acknowledgements 14

Solving Problems

The key to solving any maths problem is to break it down. In George Pólya’s book ‘How to Solve It’, he presents
four steps to problem-solving:

1. Understand the Problem: Identify exactly what information you have and what you need to find. Visualise
the problem—make a sketch or introduce some suitable maths notation.

2. Devise a Plan: What connects your knowns to your unknowns? Have you seen a similar problem before? Do
you know a related theorem or formula that could be useful? Map out your steps logically before calculating
anything.

3. Carry Out the Plan: Execute your plan step-by-step. Keep your working algebraic for as long as possible;
if asked to calculate a numerical value, substituting the numbers should be your very last step. Check each
step as you go.

4. Look Back: Can you check the result or the argument? Ask yourself: Does this make sense? Can you derive
the result differently?

To successfully complete this assignment, you will need to be familiar with the following formulae:

• Difference of two squares formula:
a2 − b2 = (a− b)(a+ b) (1)

• Square of a sum formula:
(a+ b)2 = a2 + 2ab+ b2 (2)

• Square of a difference formula:
(a− b)2 = a2 − 2ab+ b2 (3)
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1 Solving Quadratics

The goal of this assignment is to introduce the concepts of a function and specifically the quadratic function. To
understand these, we first consider quadratic equations. We will start with intuitive equations that can be solved
by inspection.

Solving an equation simply means finding the value(s) of the unknown quantity x so that the left hand side of the
expression equal the right hand side. Sometimes we have equations which equal zero, in these cases the solutions
to the equation are called roots, but the terms solutions and root are often used interchangeably.

1.1 Solving by Inspection

Example 1 : Solve x2 = 5x.

Solution: We are tempted to divide both sides of the equation by x, which leads to a root x = 5. But by
doing so, we must be careful not to divide by zero. Indeed, we can see that x = 0 is also a valid root, and
“lost” it by dividing by x thoughtlessly. Answer: x1 = 5; x2 = 0.

When dividing both sides of an equation by an expression, always check if this expression can be zero.

Example 2 : Solve (3x+ 2)2 = 5(3x+ 2).

Solution: Let us denote (3x + 2) = y, so the equation becomes y2 = 5y. From the previous example, we
know that y must be either 0 or 5. So now we have 3x + 2 = 0 or 3x + 2 = 5. Solving these two linear

equations, we get the answer: x = −2

3
or x = 1.

Now Try: 7− 5x = (5x− 7)2.

Problem 1 (1 mark)

Solve by inspection:
(x− 3)(x+ 5) = 0

Problem 2 (1 mark)

Solve by inspection:
(2x+ 1)(3x− 4) = 0

1.2 Solving by Factorisation

A quadratic equation is an equation of the form

ax2 + bx+ c = 0, (4)

where a, b, c are real numbers.

Let us first assume that a = 1, so the expression takes the form x2 + bx+ c. A useful technique that helps guessing
the solution of a quadratic equation is factorising its left-hand side, that is, presenting it as a product of binomials,
that is a product of two parts.

x2 + bx+ c = (x+ p)(x+ q). (5)

compos@physics.ox.ac.uk 3 Due: 23:59 BST, 1st October 2026

mailto:compos@physics.ox.ac.uk


Year 10 - Mathematics Assignment 01 COMPOS

Example 3 : Factorise x2 − 13x+ 30.

Solution: As discussed in the video by Mr Chernova, we need to find (guess) two numbers that add to −13
and multiply to 30. The numbers are −3 and −10. Answer: x2 − 13x+ 30 = (x− 3)(x− 10).
So the quadratic equation

x2 − 13x+ 30 = 0

can be rewritten in the form
(x− 3)(x− 10) = 0.

The left-hand side becomes zero when either x = 3 or x = 10, which are the roots of this equation.

More generally, the values of p and q in Eq. (5) are opposite to the roots of the equation, i.e. p = −x1 and
q = −x2. So from now on we will be writing the factorisation in the form

x2 + bx+ c = (x− x1)(x− x2),

where x1 and x2 are the roots of the polynomial: if x equals either one of these numbers, the expression
above becomes zero. Let us make a transformation

(x− x1)(x− x2) = x2 − (x1 + x2)x+ x1x2.

Comparing this with Eq. (5), we see that

x1x2 = c; x1 + x2 = −b (6)

The above equalities are called Vieta’s formulae. So to conclude, we need to guess two numbers that add
up to −b and whose product is c. In the above example, we have x1x2 = 30 = c and x1 + x2 = 13 = −b.

Now Try: x2 − 1103x− 8888.

ahttps://tinyurl.com/2nu69tbf

Problem 3 (4 marks)

A quadratic equation has:

• Sum of roots = 5

• Product of roots = 6

• Leading coefficient a = 2

Show how you arrive at the final form for the quadratic equation.

1.3 Solving by Completing the Square

A complete square is a quadratic that can be expressed in the form (x±a)2, where a is a real number. To complete
a square means to separate a quadratic expression into a complete square and a constant. This looks like,
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x2 + 4x+ 7 = x2 + 4x+ 4 + 3 = (x+ 2)2 + 3{ {{

complete

square
constantquadratic

Example 4 : Solve x2 − 6x+ 8 = 0 by completing the square.

Solution: Comparing the LHS expression with the 3rd equation from the pattern above, we can rewrite
the equation as

x2 − 6x+ 9− 1 = 0.

Note that it is the same equation, as 9− 1 = 8. Hence,

(x− 3)2 − 1 = 0;

(x− 3)2 = 1.

We can see that x− 3 = ±1. So, the equation has two solutions: 4 and 2. Answer: x1 = 4, x2 = 2.

Now Try: x2 − 18x+ 32 = 0.

Generally, you can use the formula for completing the square:

x2 + bx+ c =

(
x+

b

2

)2

− b2

4
+ c. (7)

Check this by applying the square of a sum formula (2) to its right-hand side and simplifying the expression.

Example 5 : Solve 5x2 + 3x− 2 = 0 by completing the square.

Solution: We first divide both sides of the equation by 5 to have a = 1:

x2 +
3

5
x− 2

5
= 0

We can now apply formula (7) to the expression in square brackets (noting that b = 3/5, c = −2/5).

x2 +
3

5
x− 2

5
=

(
x+

3

10

)2

− 9

100
− 2

5
=

(
x+

3

10

)2

− 49

100
.

The equation becomes: (
x+

3

10

)2

=
49

100
.

Hence by taking the square root of each side:

x+
3

10
= ± 7

10
.

Answer: x1 =
2

5
, x2 = −1.

Now Try: 12x2 − 7x+ 1 = 0.
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Problem 4 (4 marks)

The method of completing the square for x2 + bx+ c gives

x2 + bx+ c = (x+
b

2
)2 − b2

4
+ c.

You are now asked to generalise this to the quadratic

ax2 + bx+ c,

where a ̸= 0. Show step by step that

ax2 + bx+ c = a(x+
b

2a
)2 − b2

4a
+ c.

Problem 5 (5 marks)

The following quadratic equation has two distinct real roots.

x2 + (k − 3)x+ 1 = 0

Find the set of possible values of the constant k.

1.4 Solving using the Discriminant Formula

The solutions to a general quadratic equation are given by the well-known formula

x =
−b±

√
b2 − 4ac

2a
. (8)

Read about this method on Isaac Physics1 and review the example therein.

In Eq. (8), the quantity D = b2 − 4ac is known as the discriminant. It determines the number of roots of the
equation:

• if D > 0, the quadratic equation has two distinct real roots x1 =
−b+

√
D

2a
and x2 =

−b−
√
D

2a
.

• if D = 0, the quadratic equation has one distinct real root x1 =
−b

2a
.

• if D < 0, the quadratic equation has no real roots.

1https://isaacphysics.org/concepts/cm_algebra_quadr?stage=a_level
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Example 6

Find the exact roots of the equation x2 + 6x− 3 = 0.

Solution: Using the formula:

x =
−b±

√
b2 − 4ac

2a
=

−6±
√
62 − 4× 1× (−3)

2× 1
=

−6±
√
36 + 12

2
=

−6±
√
48

2
.

This can be simplified:

x =
−6± 4

√
3

2
= −3± 2

√
3.

At school, you are normally asked to take an additional step to use a calculator and find the answer to 3
significant figures. In COMPOS maths assignments, we follow the convention normally used in mathematics
and leave the answer in this exact (surd) form. Answer:

x1 = −3 + 2
√
3, x2 = −3− 2

√
3.

Now Try: 25x2 + 30x+ 9 = 0.

Suppose you are given the equation 24x = 6. Should your answer be x = 1/4 or x = 0.25?

While the two numbers are formally identical, a decimal fraction traditionally implies limited precision — that
you don’t know the answer beyond the significant figures given. In maths problems, this is usually not the
case: the numbers are exact. To indicate this, you should use a regular fraction, writing x = 1/4.

Problem 6 (5 marks)

The following quadratic equation has two distinct real roots:

2x2 + (k − 4)x+ 3 = 0.

• Write down the discriminant of this equation in terms of k.

• Use the condition for two distinct real roots to form an inequality in k.

• Solve the inequality and write the set of possible values of k.

Problem 7 (5 marks)

A small company finds that the revenue R (in thousands of pounds) it earns when selling x items is given by

R(x) = −2x2 + 24x+ 10.

• The company wants to know for which target revenues R there are two different sales volumes x that give the
same revenue. Show that this happens when the following equation has two distinct real roots in x:

−2x2 + 24x+ 10−R = 0.

• Use the discriminant to find the set of possible values of R for which two different numbers of items sold
produce the same revenue.

• Explain in words what it means for the discriminant to be zero in this context, and what the corresponding
value of R represents.
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2 The Quadratic Function

Consider y = ax2 + bx + c. For each x, it gives a value of y. This acts as a rule mapping real numbers x to real
numbers y, called a function. We write f(x) = ax2 + bx + c to show y depends on x, while a, b, c are constant
parameters. The set of all possible input values x is called the Domain, and the set of all resulting output values y
is called the Range.

You can learn more about functions on this Khan Academy webpage2.

Function f(x)

•x1

•x2

•x3

•x4

•x5

•...

•y1

•y2

•y3

•y4

•y5

• ...

Figure 1: Function f(x) mapping x-values to y-values.

The function in the form f(x) = ax2 + bx + c where a, b, c are real numbers and a ̸= 0 is known as the quadratic
function. The graph of y = f(x) is a parabola.
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Figure 2: Main features of a parabola.

The main features of the parabola are as follows.

• The Y-intercept is the point where the parabola crosses the y-axis, i.e. (0, f(0)) = (0, a×02+b×0+c) = (0, c).

• The X-intercept are the points where the parabola crosses the x-axis. Their x-coordinates are the two roots
(8) of the equation ax2 + bx+ c = 0.

2https://www.khanacademy.org/math/algebra/x2f8bb11595b61c86:functions/x2f8bb11595b61c86:evaluating-functions/v/

what-is-a-function
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• The Vertex is the extremal (highest or lowest) point of the parabola. The x-coordinate of the vertex can
be found by looking at Eq. (9). The squared term in parentheses is never less than zero, hence the point

x = − b

2a
where it is zero is the x-coordinate of the vertex.

• The parabola is symmetric. about the vertical axis through the vertex. The vertical line is known as Axis of
Symmetry. In particular, the x-coordinate of the vertex is located in the middle between the two x-intercepts:

− b

2a
=

x1 + x2

2
. You can see this from the formula (8).

ax2 + bx+ c = a

(
x+

b

2a

)2

− b2

4a
+ c. (9)

Please watch the videos on parabolas on this Khan Academy page3. Some further information about quadratic
functions and parabolas can be found on the AMSI website4.

Example 7

Find a,b and c if M(−1,−7) is the vertex and N(0,−4) is the y-intercept of the parabola

y = ax2 + bx+ c.

Solution: The x−coordinate of the vertex is −1, therefore

− b

2a
= −1 ⇒ b = 2a.

(0,−4) is the y-intercept, so c = −4.

We also know that when x = −1, y is −7, so

−7 = a× (−1)2 + 2a× (−1)− 4 ⇒ a = 3

Hence, b = 2a = 6.
Answer: a = 3, b = 6, c = −4, so y = 3x2 + 6x− 4.

Now try: Given the vertex at (-1,4) and y-intercept of (0, 3), find the equation of the parabola.

Problem 8 (5 marks)

Without calculating roots, show how to determine if y = −2x2 + 4x − 1 has two real x-intercepts, and where the
vertex lies relative to the x-axis. Describe the location and orientation of the parabola.

Problem 9 (5 marks)

Suppose you are asked to pick two points on a parabola that have the same horizontal distance from the axis of
symmetry. Justify why these two points cannot have different y-coordinates.

3https://www.khanacademy.org/math/algebra/x2f8bb11595b61c86:quadratic-functions-equations
4https://amsi.org.au/teacher_modules/Quadratic_Function.html
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Problem 10 (5 marks)

A farmer has 200 m of fencing to construct a rectangular pen for his sheep.

a) If he wants to enclose as much grass as possible, what dimensions should he use?

b) The farmer decides to construct the pen next to a long, straight stone wall. The wall will act as one side of
the pen. What dimensions could he now use to enclose the largest area of grass?

3 Sketching Quadratics

In the previous section we saw the main features of the quadratic function - the vertex and points of intercept -
and how these relate to the equation for a quadratic function. It is often useful to sketch the shape of a function,
labelling the main features to give an outline of the function’s shape and position on the x-y coordinate plane.

Sketching a graph is different to plotting a graph. Plots are produced from a table of values, where regularly spaced
values of x are the input to the function and the corresponding y-values are the output. These pairs of values are
then marked on a grid showing the x and y divisions on each axis.

A sketch however does not include every data point, only the main features of the graph need to be included, such
as those we introduced above. On the left hand side figure below is a plot, and on the right hand side is a sketch,
note the differences.

−1 1 2 3 4

−3

−2

−1

1

2

3

4

5

6

0

y = 2x2 − 7x+ 3

x

y

×
(−2, 0)

×
(1, 0)

×
(0,−2)×(

− 1
2 ,−21

4

)

y = (x+ 2)(x− 1)

x

y

Figure 3: Comparison of a point-by-point plot (left) and a feature-based sketch (right) of quadratic functions.

Problem 11 (10 marks)

Consider the family of quadratics y = x2 + kx− 3, where k is a constant.
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a) Find the discriminant D in terms of k. Determine the values of k for which the curve has two distinct real
x-intercepts, one real x-intercept and no real x-intercepts.

b) For k = −4 (so D > 0), sketch the curve accurately, marking: vertex with coordinates, axis of symmetry,
y-intercept, exact x-intercepts (which must be justified by your working).

c) State how the sketch changes if k = 0 versus k = 3.

Problem 12 (10 marks)

Consider y = 3x2 − 12x+ 7.

a) Complete the square to write in vertex form y = a(x−h)2+k. State the vertex coordinates (h, k) and explain
what they tell you about the parabola’s turning point.

b) Without using the discriminant formula, use your vertex form to determine:

• Does the parabola have two distinct x-intercepts, touch the x-axis, or have none? Justify using the vertex
y-coordinate.

• Exact y-intercept.

c) Find minimum distance from vertex to x-axis.

d) Sketch accurately, marking: vertex with coordinates, axis of symmetry, y-intercept, exact x-intercepts (solve
using vertex form), and show how the leading coefficient 3 affects the shape compared to y = x2 − 4x+ 7

3 .

Problem 13 (10 marks)

For the quadratic y = 2x2 − 8x+ (3 +m), where m is a constant.

a) Complete the square for the general case (treat 3 +m as a single constant). Identify the vertex coordinates
in terms of m and state the axis of symmetry.

b) If m = 0 and m = 4. For each:

• Find y-intercept.

• Determine number of x-intercepts.

• State if vertex is above/below x-axis.

c) On the same axes, sketch both curves. Explain how changing m shifts the parabola without altering its shape
or symmetry.

4 Review Problems

Problem 14 * (10 marks)

A rectangle is inscribed inside the region bounded by the parabola

y = −x2 + 12x− 27

and the x-axis. The rectangle has vertices at (a, 0), (b, 0),(b, y(b)), and (a, y(a)), where a and b are the x-intercepts
of the rectangle with the curve.

compos@physics.ox.ac.uk 11 Due: 23:59 BST, 1st October 2026

mailto:compos@physics.ox.ac.uk


Year 10 - Mathematics Assignment 01 COMPOS
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Figure 4: Rectangle perfectly inside a parabola.

a) Show that the equation of the parabola can be written in the form

y = −(x− p)2 + q.

Find the values of p and q.

b) Use this completed-square form to explain geometrically why the maximum height of any possible rectangle
occurs when its top edge lies at the vertex of the parabola.

c) Find an expression for the area of the rectangle sitting within the parabola and by inspection then give a
numerical answer for the maximum possible area of a rectangle.

(Hint: The rectangle is symmetric about the vertex of the parabola, so its width is centred at x = p)

Problem 15 * (10 marks)

A suspension bridge’s main cable forms a parabola described by y = 0.0002x2 − 0.4x + 250, where y = height in
meters and x = horizontal distance in meters from one tower.
Sketch the cable shape between the support towers, showing all significant features. Then calculate the following
and label them on your diagram:

a) What is the maximum sag (from highest to lowest point) of the cable, and where does it occur?

b) Where does the cable meet the support towers?

c) If a ship’s mast is 220 m tall, will it fit under the lowest point of the cable? Justify your answer.

d) For safety, a clearance margin of 5 m needs to be introduced between the bottom of the cable and the top of
the mast. How tall would the towers need to be to allow the ship to pass safely underneath the cable?

Problem 16 * (10 marks)

A decorative fountain shoots water following the path h(x) = −0.01x2 + 0.8x+ 1 meters, where x is the horizontal
distance in meters from the nozzle.

a) What is the maximum height reached by the water jet, and how far horizontally does this occur?
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b) Will the water clear a 3-meter-tall sculpture located 20m horizontally from the fountain? Justify your answer.

c) Why does the parabola open downwards in this context?

Sketch the water’s arc from launch until it returns to 1m height, marking all key points.
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A Key Equations

Description Formula

Difference of two squares a2 − b2 = (a− b)(a+ b)

Square of a sum (a+ b)2 = a2 + 2ab+ b2

Square of a difference (a− b)2 = a2 − 2ab+ b2

Quadratic factorisation x2 + bx+ c = (x− x1)(x− x2)

Vieta’s formulae x1x2 = c and x1 + x2 = −b

Completing the square x2 + bx+ c =
(
x+ b

2

)2 − b2

4 + c

Quadratic formula
If ax2 + bx+ c = 0 form then,

x = −b±
√
b2−4ac
2a

Discriminant D = b2 − 4ac

B Now Try examples - Answers

Example 2: x = 7
5 or x = 6

5

Example 3: x = 1111 or x = −8

Example 4: x = 16 or x = 2

Example 5: x = 1
3 , x = 1

4 .

Example 6: D = 0, one real root x = − 3
5 (double).

Example 7: Vertex form y = −(x+ 1)2 + 4 or more standard form y = −x2 − 2x+ 3
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