YEAR 12 FURTHER MATHS INDUCTION BOOKLET







Thank you for choosing to study Further Maths in the sixth form 
Over the course, you will study topics in Core Pure Maths, Further Mechanics and Decision maths.
For you to make the best possible start, we have prepared this booklet. It is vital that you spend time working through this booklet over the next few months as you need to have good knowledge of these topics before you start the course. You will have covered most of the topics already at GCSE. 
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1. Completing the Square
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2. Solving Quadratics by completing the square
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[image: ]
[image: ]Challenge

3. The Discriminant
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Example
Calculate the value of the discriminant of and state how many roots it has.
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4. Equation of a circle 
For this section you will need to complete the following tasks on Hegarty maths before attempting the questions:
· 778 – Equation of a circle – centre origin (1)
· 779 – Equation of a circle – centre origin (2)
· 314 – Equation of a circle 1
· 315 – Equation of a circle 2
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5. Column Vectors
For this section you will need to complete the following tasks on Hegarty maths before attempting the questions:
· 623 Vectors (2) – Column vectors
· 626 Vectors (5) – Multiplying by scalars
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Question 5
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	Question 7
Question 6























6. Vectors – geometric problems
For this section you will need to complete the following tasks on Hegarty maths before attempting the questions:
· 628 Vectors – geometry problems (1)
· 629 Vectors – geometry problems (2)
· 630 Vectors – geometry problems (3)
· 631 Vectors – geometry problems (4)
Deliberate Practice
Question 1

OPT is a triangle.
M is the midpoint of OP.          
Express in terms of and .


 ..........................  (2 marks)

Question 2

In triangle , = 6a and = 6b
 is the midpoint of . We can deduce that 3a + 3b
is the point on  such that 
Find, in terms of a and b, the vector Give your answer in its simplest form.


 ..........................  (2 marks)
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3x2+6x+1
=3(x2+2x) +1
=3+ 102 =12 +1
=3x+1P-3+1
=3x+1P-2
Sop=3,q=1andr=-2.
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3 Write cach of these expressions in the form p(x + ¢)? + r, where p, g and r are constants
to be found:
a2248x+1 b5

2-15x+3 ¢ 3x+2x-1 d 10-16x-4x> e 2x-8x2+10
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4 Given that x> + 3x + 6 = (x + a)* + b, find the values of the constants a and b. (2 marks)

5 Write 2 +0.8x - 0.04x% in the form A — B(x + ()2, where 4, Band C arc constants to
be determined. (3 marks)
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Solve the equation x2 + 8x + 10 = 0 by completing the square.
Give your answers in surd form.
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1 Solve these quadratic equations by completing the square. Leave your answers in surd form.
- 10x=5

a 2+6r+1=0 b +12¢+3=0 ¢ 2+4x-2=0
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Solve the equation 2x2

8x + 7 = 0. Give your answers in surd form.
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2 Solve these quadratic equations by completing the square. Leave your answers in surd form.
a 22+6x-3=0 b 5x2+8v-2=0 ¢ 4x2-x-8=0
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3 x?-14x+1=(x+p)’ +q, where p and ¢ are constants.
a Find the values of p and g. (2 marks)

b Using your answer to part a, or otherw how that the solutions to the equation
% = 14x + 1 = 0 can be written in the form r + 53, where r and s are constants
to be found. (2 marks)

4 By completing the square, show that the solutions to Problem-solving

the equation * + 2bx + ¢ = 0 are given by the formula e ot

x=-bt/bh=c. (4 marks) if the coefficients were numbers.
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If you square any real number, the result is greater than or equal to 0. This means that if y is negative,
\/y cannot be a real number. Look at the quadratic formula:

If the value under the square root sign is negative, x cannot be
areal number and there are no real solutions. If the value under
the square root is equal to 0, both solutions will be the same.

+Vb?~ hac
2a

® For the quadratic function f(x) = ax? + bx + ¢, the expression b? — 4ac is called the
discriminant. The value of the discriminant shows how many roots f(x) has:

+ If b2 - 4ac > 0 then f(x) has two distinct real roots.
« If b2 - 4ac = 0 then f(x) has one repeated root.
« If B2 - 4ac < 0 then f(x) has no real roots.
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You can use the discriminant to check the shape of sketch graphs.

Below are some graphs of )

b2~ bac>0
Two distinct real roots
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a<o 3
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a>0 —ol % \/
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() where f(x) = ax? + by + c.
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b - tac=0

One repeated root
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1 a Calculate the value of the discriminant for each of these five functions:
2+8x+3 i
-8x+16
b Using your answers to part a, match the same five functions to these sketch graphs.

h(x)=-x2+7x -3

v j(x) =
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Question 1:  Write down the (i) centre and the (ii) radius for each of these circles.

(@) (x-3)*+(y-2)*=100 ) (x-1)%+(y+3)?=16
(©) (x+5)2+(y-7)?=4 () (x+6)+(y+8)*=1
(e) +y?=25 () (x+4)2+y*=9

(8) x+2)+(y-7)*=5 (M) (x-6)*+(y-1)*=20

Question 2:  Write the equations of each of these circles.

() Centre s (2, 7) and has a radius of 6. (b) Centre is (4, -2) and has a radius of 3.
(c) Centreis (-1, 3) and has a radius of 4. (d) Centre is (-1, -2) and has a radius of 9.
(e) Centreis (0, 5) and has a radius of 5. (f) Centre is the origin and has radius 8.

(g) Centreis (11, 0) and has a radius of V3. (h) Centre is (-3, -7) and has a radius of 2v/2.
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Question 3:  Write the equations of each of these clrcles

@ ®) ]
: /[
© i @ T
P e





image17.png
Question 1:  The vectors a, b, cand d are shown on the grid.

(a) Write a as a column vector

b
(b) Write b as a column vector /
(c) Write ¢ asa column vector \c\ +d
(d) Write d asa column vector
Question 2:  On agrid, draw and label the following vectors.

o () on(S) (D) we(l)
© e:(_sl) ® f:(_o4)
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Question3:  Shown on the grid is the vector a
1

(@
()

©
(CY)

(e)

a
2

Draw the vector 2a on the grid.
‘Write 2a as a column vector

Draw the vector 3a on the grid.
‘Write 3a as a column vector

Write 5a as a column vector

6 3 -9
Question 4: Given a= b= and c=
4 -2 -7

Write the following as column vectors

@

3a (b)) 2b © 5c¢ () %a

Ih
© 7
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Question 4:

Question 5:

“() w0
e aen- ()

Work out the values of p and q
-3
<(3) ()
q 2
1
Given 4d-c =
-7

Work out the values of p and q
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s 2= (0) 0= (5) =) 0=(7) - (3)

Work out the following as column vectors

@ a+b ®) b+c (0) a+c (@ c+d
© b+e ) d+a (g e+d () 2a+b
@ 3c+b () a+5b (&) 4b+3c M 7c+d

(m) a+2e () 8e+3d (©0) a+c+e (P) 2b+3d+10e
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Complete the square for the expressions:
a x2+8x b x2-3x € 2x2+ 12x

a X%+ 8x= (v 4F - 42
Sx+4p-16

)’ -

(
2 o
B

b a2 - 3x=(x—

=(x-

c 2x? = 12x=2(x* - 6x) ———————
= 2(x - 37 -3?)
=2(x-37-9)
=2x-3P-18———
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Exercise

1 Complete the square for the expressions:
a X2 +4x b x2 - 6x e xX-l6x d ¥+x e x2-14

2 Complete the square for the expressions:
a 2x2+16x b 3a2-24x ¢ 5x2+20x d 2x2-5x e 8x-2x°
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‘Write 3x% + 6x + 1 in the form p(x + ¢)* + r, where p, ¢ and r are integers to be found.




