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4-MARK QUESTIONS

3 questions in this booklet
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ANSWER >

( )
1 Find the set of values of £ for which the equation
2kx*+ S5kx +5k—-3=0 where k# 0

has real roots.

INA



ANSWER >

( )
1 f(x)=2x2+(k+8)x+k

Show that for all values of %, the equation f (x) = 0 has distinct real roots.

INA



ANSWER >

( )
1 The quadratic equation
kx? —(2k+6)x+16=0
has equal roots.
Find the two possible values of k&
4
\_ _J
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5-MARK QUESTIONS

5 questions in this booklet
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ANSWER >

5 f(x)=3x2-9% +5

Given that f(x) can be written in the form a(x — b)* + ¢, where a, b and ¢ are constants,

find
(a) the value of a, the value of b and the value of c.
3)
(b) Hence write down
(i) the minimum value of f(x),
(ii) the value of x at which this minimum occurs.
(2)
\ _J
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ANSWER >

( )
2 f(x) =7 + 4x — x?
(a) Write f(x) in the form a — b(x + ¢)* where a, b and ¢ are integers to be found.
3)
(b) Hence, or otherwise, find
(i) the maximum value of f(x)
(i1) the value of x for which this maximum occurs.
(2)
\_ _J

INA
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ANSWER >

2 f(x)=2x>+(p—1)x—2p where p is a constant.

Find the set of values of p for which the equation f(x) = 0 has two distinct real roots.

INA
11



ANSWER >

( )
1 The equation kx* +8x+3k =0 where k is a constant, has real unequal roots.
Find the set of values of k giving your answer in an exact simplified form.
)]
\_ _J

INA
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ANSWER >

2 fx) =2x> +4x+9

Given that f(x) can be written in the form A(x + B)2 + C, where 4, Band C
are integers,

(a) find the value of 4, the value of B and the value of C
3)

(b) Hence, or otherwise, find

1
(1) the value of x for which —— is a maximum

fx)

1
(i) the maximum value of ——

f(x) @)

N2
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6-MARK QUESTIONS

2 questions in this booklet

7
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ANSWER >

AU mmmbe Taate WU TYas s sa Beegas AR g Us TrUsaasige
1 The quadratic equation
3(k+2)x2+ (k+5)x+ k=0
has real roots.

Find the set of possible values of .

INA
15



ANSWER >

4 1
2 fx)=2+ —x— —x2
5 25

Given that f(x) can be expressed in the form 4 — B(x + C)* where 4, B and C are
constants,

(a) find the value of 4, the value of B and the value of C.
4

(b) Hence write down
(i) the maximum value of f(x),

(i1) the value of x for which this maximum occurs.

N2
16



/-MARK QUESTIONS

5 questions in this booklet

7
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ANSWER >

( )
1 f(x) = (x = 3)[¥* + (p — 2)x + q]
Given that f(0) =—12
(a) find the value of ¢.
(2)
(b) Find the range of values of p for which the cubic equation f(x) = 0 has only one
real root.
()
1\ J

INA
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ANSWER >

f(x)=3x>—-x+4
gx)=x"—px+gq

The roots of the quadratic equation f(x) = 0 are a and S

1 1
The roots of the quadratic equation g(x) = 0 are (a + —) and ( b+ E]
a

Without solving the equation f(x) =0

7
h that p = —
(a) show that p 2

3)
(b) Find the value of ¢

N2
19



ANSWER >

( )
1 The roots of the equation 4x? — 3x — 8 = 0 are a and f§
Without solving this equation, form a quadratic equation, with integer coefficients, which
1 1
has roots — and —
o B
Y
. J

INA
20



ANSWER >

( )
2 f(x)=2x"—12x+5
Given that f(x) can be written in the form f(x) = a(x + b)’ + ¢ where a, b and ¢ are
integers,
(a) find the value of a, the value of b and the value of ¢
3)
(b) Hence find the set of values of x for which f(x) —37 > 0
“4)
1\ J

INA
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ANSWER >

2 g(x)=2x2+%x—3

(a) Express g(x) in the form p(x + q)2 +r where p, g and r are rational numbers to
be found.

3)
(b) Find
(1) the minimum value of g(x)

(i1) the value of x at which this minimum occurs.

(2)
6 1 3
h(x) =2x +Ex -3
(c) Hence, or otherwise, write down

(i) the minimum value of h(x)

(i1) the value of x at which this minimum occurs.

N2
22



8-MARK QUESTIONS

4 questions in this booklet

7
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ANSWER >

( )
. 7
5 Given that @ and f are such that o + f = 5 and off =2
(a) form a quadratic equation with integer coefficients that has roots o and f,
(2)
(b) form a quadratic equation with integer coefficients that has roots % and ﬁ
a
(6)
1\ J

INA
24



ANSWER >

5 Given that k is a non-zero constant

curve C has equation kx’—xy+ (k+ 1)x=1

k
straight line / has equation y = 5% +1

The point A4 is the only point that lies on both C and /.

(a) Find the value of k&
(6)

(b) Hence, find the coordinates of 4.

INA
25



ANSWER >

( )
2 The quadratic equation 3x? — 5x +1 = 0 has roots ¢ and f8
Without solving the equation,
form a quadratic equation with integer coefficients, that has roots 2 and A
2a (8)
1\ J
INA
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ANSWER >

(
5 (a) Show that (o + )’ —=3af(a+p)=a’+p’
(2)
The quadratic equation 2x* —6x—7 =0 has roots ¢ and f8
Without solving the equation
2 2
(b) form a quadratic equation, with integer coefficients, which has roots & and B
o (6)
\_

INA
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9-MARK QUESTIONS

1 question in this booklet

7
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ANSWER >

( )
5 The roots of the quadratic equation 2x>+ (6 +2p)x +2p =0 are o and 8
(a) Write down an expression in terms of p for
@ atp (i) ap
(2)
(b) Show that (a—p)>=9+2p +p?
4
Given that (¢ —f)=3
(c) find the possible values of p
3)
\ J

INA
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10-MARK QUESTIONS

5 questions in this booklet

7
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ANSWER >

( )
6 (a) Show that (a—f)* = (a+ p)*—4op
3
The quadratic equation x?>— 7kx + k* =0, where £ is a positive constant, has roots a and S
where a > f§
(b) Show that a — S = 3k+/5
3)
(c) Hence form a quadratic equation with roots o + 1 and f — 1
Give your equation in the form x? + px +¢ =0 where p and ¢ should be given in
terms of £.
Q)
\_ _J

N2
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ANSWER >

( )
4 The quadratic equation
2 +4x+3=0
has roots a and S
(a) Without solving the equation, show that o? + 2 =1
4
(b) Without solving the equation, find the value of o* + f*
3
(¢) Hence form a quadratic equation with integer coefficients that has roots o* and f*
3)
\_ J

N2
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ANSWER >

( )
8 (a) Using the binomial expansion, or otherwise, find the complete expansion of
(x+y)
1)
The quadratic equation
2x?+3x+4=0
has roots a and
(b) Without solving the equation, find the value of
a3 + ﬂ3
Q)
(c) Hence, form a quadratic equation with integer coefficients that has roots
a
F and P
)
\_ J

N2
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ANSWER >

6 f(x)=2x>+5x—p

The equation f(x) = 0 has roots « and
215

Given that o + 3 = — 2

(a) find the value of p
)

Without solving the equation f(x) =0

(b) form a quadratic equation, with integer coefficients, that has roots

a+p and a+p

a2 ﬁZ (5)

N2

34



ANSWER >

( )
10 The roots of a quadratic equation are « and 3 where
a+ﬂ=—% and o’ +f° _13
(a) Show that aff =4
3)
(b) Form a quadratic equation with integer coefficients, that has roots
2 2
+1 and B +1
* Q)
1\ J
INA
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11-MARK QUESTIONS

3 questions in this booklet

7
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ANSWER >

2 (a) Express x? + 4x — 8 inthe form (x + a)*> + b where a and b are constants whose
values are to be found.

(2)

(b) Use algebra to solve the simultaneous equations

y=x"+4x -8
y=2x+7
)

The curve C has equation y = x* + 4x — 8
The straight line L has equation y = 2x + 7

Using the same axes and the results of part (a) and part (b),

(c) sketch C and L, showing clearly the coordinates of the turning point of C and the
coordinates of the points of intersection of C and L.

INZ)
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ANSWER >

( )
6 f(x)=4x*-3x-5
The equation f(x) = 0 has roots a and f
Without solving the equation f(x) =0
(a) form an equation, with integer coefficients, that has roots 2e and 2
¢ (6)
gx)=4x>+px+gq where p and ¢ are constants
Given that the equation g(x) = 0 has roots 3o + f and a + 3
(b) find the value of p and the value of ¢
)
\_ _J

N2
38



ANSWER >

8 The quadratic equation
X 4fN2x+ 2k - 1=0

where £ is a positive constant, has roots o and
Given that >+ % =66 and that o’ + ° = p~/2 where p is an integer,

find the value of p

INA
39



12-MARK QUESTIONS

5 questions in this booklet

7
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ANSWER >

( )
11 The quadratic equation x> — px + ¢ = 0 where p > 0, has roots a and /.
Given that 2af = 3 and that 4(a® + %) = k*> — 6k — 3 where k > 3
(a) (i) write down the value of ¢,
(i) find an expression, in terms of &, for p.
)
Given also that 708 = 3(a + f)
(b) find the value of .
(2)
(c) Hence form an equation, with integer coefficients, which has roots
¢ and P
a+p a+p
3)
\_ _J
Q‘Q’/‘@

41



ANSWER >

( )
5 (a) Show that (o + ) —3af(a+ )=+ B3
(2)
The roots of the equation 2x? + 3x + 6 = 0 are o and /8
Without solving the equation,
(b) find the value of &* + f3°
(2)
(c) Show that (a2 + 2> — 2(af)* = o* + B*
(2)
(d) Form a quadratic equation with integer coefficients that has roots (¢ — ) and (8° — «)
(6)
\_ J

N2
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ANSWER >

( )
7 (a) Find the set of values of & for which the equation kx* —4x + 2k =7 has real roots
C))
Given that the roots of the equation kx* —4x + 2k =7 are a and f3,
(b) form a quadratic equation with roots o tl and Ll
a
Give each coefficient in terms of 4.
6]
\_ _J

N2
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ANSWER >

( )
11 The roots of a quadratic equation £ are a and S where a > f > 0
Given that & —f=2+/6 and &+ =30
(a) show that
(i) af=3
4)
(i) a+p=6
(2)
(b) Without solving £
(i) find the value of a* + 8*
(2)
(ii) find the exact value of a*— f*
(2)
Given that o*=P + Q\/E where P and Q are positive integers,
(c) find the value of P and the value of O
(2)
\_ J

N2
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ANSWER >

( )
10 The quadratic equation 2x? + kx + 4 = 0 has roots « and S such that
k<Oando>p
Given that a®> — f? = @
(a) show that k = -7
®)
(b) Hence form a quadratic equation that has roots
(a—p) and (a+p)
4
1\ J

INA
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13-MARK QUESTIONS

4 questions in this booklet

7
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ANSWER >

10 f(x) = 6x — x? xe R
Given that f(x) can be written in the form D(x + E)* + F where D, E and F are integers,

(a) find the value of D, the value of £ and the value of F.
3)

(b) Find
(1) the maximum value of f(x),

(i1) the value of x for which the maximum occurs.

(2)
The curve C has equation y = f(x)
The curve S has equation y = x> — 4x + 8
The curve § intersects the curve C at two points.

(c) Find the coordinates of each of these two points.

C))
The finite region R is bounded by the curve C and the curve S.

(d) Use algebraic integration to find the area of R.

INZ)
47



ANSWER >

( )
7
f(x)=x>—9x + 14
Given that f(x) can be written in the form (x + a)* + b, where @ and b are constants,
(a) find the value of a and the value of .
(2)
(b) Hence, or otherwise, find
(1) the minimum value of f(x)
(i1) the value of x for which this minimum occurs.
(2)
The curve C has equation y = f(x)
The line / has equation y =x + 5
(c) Use algebra to find the coordinates of the points of intersection of C and /.
4
(d) Use algebraic integration to find the exact area of the finite region bounded by C and /.
6
\_ _J

INZ)
48



ANSWER >

7 f(x)=2x"+px+q where p and ¢ are integers
g(x)=14x" +37x + 14

The equation f(x) =0 has roots a and

The equation g(x) =0 has roots % and s
a

Given that p + ¢ =—4 where p > 0 and without solving the equation g(x)=0
(a) find
(i) the value of p

(i1) the value of ¢

)
Given also that o >
(b) show that o’ — p° = —@
4 @)
\_ _J

N2
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ANSWER >

o) = 8x* + 10x — 3

Given that f(x) can be written in the form A(x + B)’ + C where 4, B and C
are constants,

(a) find the value of 4, the value of B and the value of C.
3)

(b) Hence, or otherwise, find,
(i) the value of x for which f(x) has a minimum,

(i) the minimum value of f(x).

(2)
The curve C has equation y = f(x).

(c) Find the x coordinate of each of the points where C crosses the x-axis.

(2)
The straight line / has equation y =2x + 13

(d) Use algebra to find the coordinates of the two points of intersection of C and /.

4
Using the same axes and the results of parts (b), (c) and (d),

(e) sketch the curve C and the straight line /.

INZ)
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14-MARK QUESTIONS

2 questions in this booklet

7
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ANSWER >

( )
8 The quadratic equation 3x* —kx — 1 =0, where k is a positive integer,
has roots a and S
k*+6
(a) Show that o’ + > = 5
3)
466
Given that a*+ = —
81
(b) find the value of &
3
(c) Hence form an equation, with integer coefficients, which has roots
3 3
o+ p and p+a
s o
(6)
\_ _J
Q‘Q’/‘@
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ANSWER >

1 f(x)=10+ 6x —x°

Given that f(x) can be written in the form A(x + B)* + C where 4, B and C
are constants,

(a) find the value of 4, the value of B and the value of C
4)

(b) Hence, or otherwise, find
(i) the value of x for which f(x) has its greatest value

(i1) the greatest value of f(x)
(2)

The curve C has equation y = f(x)
The curve S with equation y =x*—x + 13 intersects curve C at two points.

(c) Find the x coordinate of each of these two points.

3

(d) Use algebraic integration to find the exact area of the finite region bounded by the
curve C and the curve S.

INZ)
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15-MARK QUESTIONS

1 question in this booklet

7
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ANSWER >

( )
10 The roots of the equation x* + 3x — 5 =0 are a and f5.
(a) Without solving the equation, find
(i) the value of &> + 2
(ii) the value of o* + f5*
(3
Given that ¢ > £ and without solving the equation
(b) show that o — 8 = \29
(2)
(¢) Factorise a* — * completely.
3)
(d) Hence find the exact value of a* — f*
(2)
Given that f*=p + q\/ﬁ where p and ¢ are positive constants
(e) find the value of p and the value of ¢.
3)
. _J

N2
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1 question in this booklet
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ANSWER >

10

f(x)=3—4x-9x’

Given that f(x)can be expressed in the form A—B(x+C)* where 4, B and C are
positive constants

(a) find the value of 4, the value of B and the value of C

(b) Hence write down the maximum value of f(x)

The equation f(x)=0 has roots a and

Without solving the equation f(x)=0

. . oy . 3a 3
(c) form a quadratic equation, with integer coefficients, that has roots — and 3B
o

(d) Show that (x+y)’ =x>+3 +3xp(x+y)

g(x)=3x>+gx+r where ¢ and r are constants

The equation g(x)=0 has roots a’— and B°—oa where ocand S are the roots of the

equation f(x)=0

(e) Using your answer to part (d), find in simplified exact form, the value of ¢ and
the value of »

C))

4y

(6)

0y

INZ)
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MARK SCHEME - Paper 2 - June 2022 - Q1 The Quadratic Function (2) <QUESTION

Question Scheme Marks
number
1 | b®—4ac>0=(5k)"—4(2k)(5k—3)[>0] M1
[ -15k” + 24k | = 3K(-5k +8) M1
"0'<k < 8, M1
5
8 Al
O0<k < =
5 (4)
Total 4 marks

Mark Notes

M1 For correct substitution of a, b and ¢ into b? —4ac
Allow with any inequality, equals or even no sign at all.
For solving their quadratic equation using any valid method, (provided the QE is either a
2TQ or a 3TQ).
They must reach TWO critical values for the award of this mark.

M1
See General Guidance for the definition of a valid attempt to solve a QE
If they use a calculator, then the Quadratic equation and the two critical values must be
correct for the award of this mark.
For forming an ‘inside’ region with their critical values. Allow use of either < or <
here

M1 8 8
"0'<k < E Allow for example '0"' <k < g

8 8
Al For0<k<g allow O<k<g

7
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MARK SCHEME - Paper 2R - June 2023 - Q1

The Quadratic Function (2)

Question Scheme Marks
1| b?—dac=(k+8)" —4x2xk =[k?+8k+64] M1
K?+8k +64=(k+4) ~16+64=(k+4)" +48 dM1A1
Conclusion: Irrespective of the value of k, (k +4)2 > 0 and so
b® —4ac > 0 therefore the equation will always have distinct Al
(real) roots. [4]

Total 4 marks

Mark

Notes

M1

Applies the discriminant on the given QE
Ignore =0, >0, >0

This must be correct for this mark [(k +8)2 —4x2x k} .

Ignore subsequent simplification errors.

dm1

Completes the square ONLY on their expression for the discriminant
provided it isa 3TQ

The expression must be of the form (k + 4)2 +X where X #0,64

NB: This mark is dependent on the first M mark.
Use of calculus to find k =—4 is MO

Al

For the correct expression.

Al

For a suitable conclusion.
Only accept for this final mark a conclusion as follows [or an
equivalent].

(k +4)2 >0 and so (k +4)2 +48>0 hence it will always have (real)
distinct roots.
Note: (k+4)2 +48 >0 is A0

7
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MARK SCHEME - Paper 2R - June 2023 - Q1

The Quadratic Function (2)

Alternative methods for last 3 marks.

ALT 1 finds discriminant of k? + 8k + 64

M1 | Finds discriminant of their k?+8k +64 = D =64 —4x1x 64 =192
Al | Obtains the correct expression in terms of k with the correct value of D
Al | Conclusion: D <0so k®+8k +64 does not have real roots.

k? is positive so we know it has a minimum so k* +8k +64 >0
This means that k? +8k + 64 > 0 and therefore the discriminant
will be > 0 meaning that the equation has distinct real roots for all
values of k.

ALT 2 — Uses calculus

M1 y:k2+8k+64:>j—)k/:2k+8:0 at max/min
Al | So coordinates of max/min are (-4, 48)
d’y
and finds second derivative W =2
Al

2
Conclusion: ng =2>0 hence it isa minimum.

(-4, 48)is the minimum point and so k* +8k +64 >0

This means that k? +8k + 64 > 0 and therefore the discriminant
will be > 0 meaning that the equation has distinct real roots for all
values of k.

ALT 3 - Uses a graph

M1 | Draws a sketch.
A
Graph of k*+8k +64 Accept anywhere in positive y
Al | The graph is placed correctly with the min point in the 4" quadrant.
Al | Conclusion: the graph is always positive with its min point as shown in

the diagram. This means that k® + 8k +64 > 0 and therefore the
discriminant will be > 0 meaning that the equation has distinct real roots
for all values of k.

t‘
KA
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MARK SCHEME - Paper 2R - June 2024 -

Q1 The Quadratic Function (2) <QUESTION
Question Scheme Marks
1
[+(2k +6)] —4xk x16 M1
4K? — 40k +36 =0 dl\'>|"11
{3 k-Dk-9{=0t—>k=...
k=19 Al
- [4]
Total 4 marks
Mark Notes
M1 Allow working on expression, equation or any inequality for all M marks
Applies b® —4ac =[+(2k +6)]* —4xk x16 and might be seen embedded in an attempt at the
quadratic formula.
dM1 Forms a 3TQ in k by attempting to expand and collect the like terms.
M1 Attempts to solve their 3TQ in k to find at least one real value of k by any correct method
(See General Principles). Condone labelling their k as x for this method mark.
If there is no method shown, (use of a calculator) then the 3TQ must be correct and both k
values must be fully correct (k = 1, k = 9) for evidence for this mark.
Al For k = 1, 9 selected as their final answers. (Extra inequality answers for k must be rejected)
Question Scheme Marks
1 k+3,, (k+3)
ALT I k(x—= )’ - 16 M1
(Via (k+3)?
completing 16— =0—>k*-10k+9=0 dM1
Square) M1
k-Dk-9{=0}—>k=... Al
k=19 [4]
Total 4 marks
Mark Notes
M1 Attempts to complete the square for kx* —(2k +6)x+16 (See General Principles)
Similarly, divides both sides of the given quadratic equation by k first, then attempts to
2
complete the square: (x — k : 3)2 _k ;rzs) +%
dM1 Sets the y coordinate of their turning point to be zero (= 0 can be implied) attempts to
expand and collect like terms.
M1 Solves their 3TQ or polynomial to find at least one real value of k by any correct method
(See General Principles)
If there is no method shown, (use of a calculator) then their 3TQ must be correct and both k
values must be fully correct (k =1, k = 9)for evidence for this mark.
Al Fork=1,9only
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Question Scheme Marks
1
ALTII (Z+ﬂ=+2kk+6,axﬂ:%—){a+0!:iZkk+6yaxa=%} M1
(Via
sum and (ﬂ)zzﬁ_)kz_lok +9=0 dM1
product k K
of roots) k-Dk-9{=0—>k=... M1
k=1,9 Al
[4]
Total 4 marks
Mark Notes
M1 For:
a+ﬁ=i2k+6,axﬂ:E—> 05+05=i2k+6,05><05=E
k k k k
dM1 Uses the fact that the quadratic equation has equal roots a = S, sets up a correct equation in
k, expands, collects like terms to form a 3TQ (or a Cubic equation)
2
e.g. (ZKZIGJ =% — 4k® —40k* +36k =0 or 4k® —40k +36 =0
M1 Solves their 3TQ or Cubic equation to find at least one real value of k by any correct method
(See General Principles)
If there is no method shown, (use of a calculator) then their 3TQ or Cubic must be correct
and both k values must be fully correct (k = 1,k = 9)for evidence for this mark.
Al Fork=1,9only
ALT Il (Via differentiation)
M1: Differentiates kx* —(2k +6)x +16 with respect to x to achieve a linear expression
dM1: Sets their derivative to 0, solves for x and substitutes x back to kx* —(2k +6)x+16=0 to form a
3TQ.
M1A1 same as ALT II
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The Quadratic Function (2) <QUESTION

Question Scheme Marks
> (a) 3V 27 3V 7
f(x)=3(x"-3x)+5=3|x—=| ——+5=3|x—=| ——
(x) (x x) (x 2) 2 (x 2) 2 MIM1A1
a=3, bzg, c:—Z
4
. 3]
ALT Expand and equate coefficients
(b) . 7
(1) f(x)min Z_Z Bl1ft
(i1) X= '%’ (Allow both if obtained by differentiation) Blft
(2]
Total 5 marks
Additional Guidance
(a) | M1 | For an attempt to take out 3 as a common factor to achieve;
?{x2 —3x+§j or 3(x2 —3x)+5
3
This must be correct for this mark
M1 | For an acceptable attempt to complete the square.
Minimally acceptable attempts are;
2 2
3(x i%j +/ or 3{(x i%} * m:l where / and m are constants
2
A1l | For either 3 x—é —Z or a=3, bzg, c=—Z
2 4 2 4
The values of a, b and ¢ can be embedded and need not be explicitly stated.
ALT
ML | For a correct expansion of a(x —b)2 +c and set=to 3x° —9x+5
a(x—b)2 +c=ax’ —2abx+ab’ +c=>3x" —9x+5=ax’ —2abx+ab’ +c
dM1 | For an attempt to equate coefficients.
Minimally acceptable attempt;
a=3, 9=2x3xb=b=.., 5=3x'b’+c=>c=..
Al 2
For either 3 x—z 7 or a=3, bzi, c:—Z
2 4 2 4
The values of a, b and ¢ can be embedded and need not be explicitly stated.
b -
®) B(i)ft For f(x) = '—%', f(x)_="their ¢' Note this a follow through mark.
élll i‘t For x = 'E', x =—their b Note this a follow through mark.
Allow B1BI1 for correct values obtained using differentiation.
Their answers must be clearly labelled and there must be no ambiguity for the minimum value
of f (x) and the value of x at which the minimum occurs.
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2@ | 744x-x* =11-(x-2)’ MIATAI
[a=11,b=1,c=-2] 3]
ALT
7+4x—x2=a—b(x2+2cx+cz) (M1}
a—bc’ =7 b=1 bc=4 Soa=11,b=1,c=-—2 (A1} AL
7+4x—-x* =11—-(x-2)’ [3]
(b) 1 11 Blft
(i) 2 Blft
[2]
Total S marks
(@)
M1 An attempt to factorise to make x* positive e.g. —(X * p)2 +q
Al Complete the square to obtain an expression in the form —(X + 2)2 +q NB Any
expression in this form will score M1A1
Al | 11-(x=2) ora=11,b=1,c==2
ALT
M1 Expands a—b(x+c)
Al a-bc’=7 b=1 bc=4
Al | 11-(x-2) ora=11,b=1,c==2
(b) (i) Mark parts b(i) and b(ii) together
B1ft 11 follow through their a
(b) (ii)
B1ft 2 follow through their ¢
NB Answer of Max = (2, 11) score BIBI
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2 (p—1)2—4x2x-2p>0=2>p>+14p+1>0 M1A1
critical values
—14+V142 -4 x1x1 M1
p= > =-7+4V3
p<—7—4J30R p>—7+4v3 M[lg’?l
Total 5 marks

M1

Uses b% — 4ac on the given quadratic equation with correct a, b, c;

a=2
b=p-1
c=-2p

and a correct substitution to obtain (p — 1)? —4 X 2 X —2p
Note: Accept for this mark any inequality, equals sign and even b? — 4ac used on its own.

Al

For the correct 3TQ with the correct inequality.
Note: Allow > or < in place of > and < for this mark.
pP+14p+1>00r—p?>—14p—-1<0

M1

For an attempt to solve their 3TQ (provided it is a 3TQ) in terms of p by any acceptable
method to obtain 2 values for p.
See General Guidance for the definition of an attempt by factorisation, formula or completing
the square.
Use of calculators: it their 3TQ is incorrect, do not award this mark if working is not seen.

2
p = —141\/142 —4X1X1 =7 i 4\/§ oe

Accept awrt —13.9, awrt —0.072

M1

For forming the correct inequalities with their critical values, provided they have been
obtained from a 3TQ.

p<—7—4V30R p>—7+4V/30e

ft their values from their p? + 14p+1>00r —p? —14p—1<0

Note: Condone use of AND for this mark. Condone > or < in place of > and < for this mark.
Accept awrt —13.9, awrt —0.072

Al

For the correct inequality.

p<—7—4v3 oe OR p>—7+ 43 oe
Note: Must not indicate AND for this mark.
Accept awrt —13.9, awrt —0.072
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MARK SCHEME - Paper 2 - November 2023 - Q1 The Quadratic Function (2)

Question Scheme Marks

1 b?—4ac>0=82—4xkx3k >0 M1
64-12k* >0
cvs: k== /— = +£ i M1A1
12 3

A3 43 M1AL

3 3 [5]
Total 5 marks

Mark

Notes

M1

Applies the correct values, with the correct inequality to b® —4ac >0

M1

Attempts to find two critical values by solving the quadratic equation, which must be
of the form k? = constant [oe] using a correct method.
Accept as a minimum solution k = £+/constant

Allow simplified or unsimplified.
Ignore any inequalities, equal signs etc

Al

For the correct critical values simplified or unsimplified
Award this mark for correct critical values. Ignore =, <,> oreven <, >

MOM1AL1 is a possible marking pattern.

M1

Simplifies the critical values to the required form and writes down the inside region for
their TWO critical values. If they solve a linear equation for k this mark is not
available.

Allow use of x for this mark and also allow < in place of <.

Al

For the correct region specified correctly in either of the two forms specified in terms
of k. That is, a continuous inside region.

4 4
Accept ——=<k<— oe
SN RN
Accept also for example k>—i AND k< 4

V3 3

7
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(2x)27= (3x)2 +(4x)2 — 2><3;<><4x><cosiA or

i (cos A=) (39" () (20" _ s _5g.95502..
2x3Xx4xX '

All the values here are correct to give 28.95502, but the labelling of angle A is incorrect.

Allow angles in degrees to be rounded to the nearest whole number here and angles in radians to be
rounded to 1 dp.

Where candidates do not actually work the angle out, if and only if the fully correct expression for
cos(angle) or angle = cos™ is seen in the 15 M1, look for any of the following used in the 2" M1, then this
A mark can be awarded.

'sin(cosl(ANS)) or sin(cos’l(((angle) A))) or sin(cos’l(((angle) B)))
or sin(cos‘l(((angle) C)))

or for sin| cos™ 1 or sin| cos™ 1 or sin| cos™ ! seen
4 16 8

dM1 | For using the correct formula for the area of a triangle using 50 and their angle (or use of sincos™
correctly and the correct 2 sides for their angle and a fully correct rearrangement to find x? or x
If 1 M1 has been gained and a poor rearrangement occurs to give an incorrect angle ft their
angle. This is a general principle of marking.
Sight of 17.2(1.......... ) following M1 Al and the correct formula written will imply this mark.
The same condition applies, if the angle is not actually worked out as for the A mark.
Dependent on previous method mark.
Al | For the correct value of x. Accept awrt 4.15 [cm]
ALT1
M1 | For fully correct substitution, as shown into Heron’s formula.
Al | For the correct expression for s
X must be present, but may be recovered (indicated by Al)
dM1 | Applies Heron’s formula correctly with their value of s and 50 and a fully correct rearrangement
to find x° or x
Al | For the correct value of x. Allow all awrt 4.15.
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ALT?2
M1 For a fully correct substitution into the cosine formula as shown. ie including an equals
sign.
OR for a fully correct expression for cosABC or cosBAC or cosACB
Allow students to use just B, A and C for angles or any labelling.
Al For one of the correct values for sin(relevant angle)
Note for M1 Al
The x can be consistently omitted or
the x can be recovered (also indicated by a correct value for sin) or
values in the correct proportions can be used as an alternative (also indicated by a correct value for
sin).
M1 may also be awarded if the values in the expression or equation lead to the correct sin value for
those values, regardless of the labelling of the angle. This may also lead to Al

(2x)2 = (3x)2 +(4x)2 —2x3xx4XxCcos A or

i (cosA:)(gx) +H(4x) ~(2%) = sin A:\/g

2x3Xx4X

All the values here are correct to give = (sin ABC :) /g , but the labelling of angle A is incorrect.

Allow values to be rounded to 1 dp.

dM1 For using the correct formula for the area of a triangle using 50 and their sin value
correctly and the correct 2 sides for their angle and a fully correct rearrangement to find
X2 or X
If M1 has been gained but their sin value is incorrect, students must be seen to have
substituted into cos’(angle) +sin’(angle) =1. Though a poor rearrangement to give an

incorrect sin value, will potentially allow this mark to be awarded.
Sight of 17.2(1.......... ) following M1 A1 will imply this mark.
Dependent on previous method mark.

Al For the correct value of x. Accept awrt 4.15 [cm]
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Question | Scheme | Marks
For part (a) of this question, mark using the scheme which gives the most marks.
2(@ | A=2 B=1 C=7 B1B1B1
ALT 1 26+ ax+9=2(x* +2x)+9=2[ (x+1) ~1]+9 MIM1
=f(x)=2(x+1)’+7  A=2 B=1 C=7 ?3%
0@ | -1 B1ft
() |1
7 B1ft
[2]
Total 5 marks

Part | Mark | Notes
e Mark using the B scheme first.
e If not full marks — use the MMA scheme also, if appropriate.
e Same score — apply the B marks.
e Higher score — apply the marks from the MMA scheme.
Allow the candidate to state A, B and C or the values to be embedded within an expression.

@ B1 | Forone of A B, or C correct.

Different | B1 | For two of A, B, or C correct.

ng(esnon B1 | Forall of A B, and C correct.

ALT For correctly factorising the given expression to achieve either:
M1 2(x2 + 2x)+9 or Z(X2 + 2x+%j

M1 | Completes the square correctly, regardless of any factor on the outside —
follow through their factorisation.

(x2+ax+b) or (x2+ax)+c:>

[ e ene

Al | Forall of A, B and C correct.
Note, the question does not ask students to show working nor preclude the use of a
calculator, so if values are simply listed, these can be given marks from the B scheme
throughout.

(b)(1) B1ft | For the correct value or follow through their —B

(i)

Bift | For the correct value or follow through their é

Sonly i SC2 | If candidate clearly writes max value of % whenx=-1. Allow ft
labelling 1

of (i) sc1 If candidate clearly writes (—1, 7} Allow ft

and (ii)

Marked as 1% B1

If no labelling of (i) and (ii) is present for parts (b) — marks may be awarded for the values
presented in the correct order.

B0 BO if not labelled and work doesn’t meet this condition.
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Question Scheme Marks
number
1 b’ —4ac>0
(k+5)" —4k(3k+6)>0 M1
k? +10k +25-12k* —24k >0 M1
11k* +14k —25<0 Al
Ak +25)(k-1)<0 M1
[Critical values are —§ and 1]
11
25
11 <k <1 oe M1A1
Total 6 marks
Mark | Notes
Uses b? —4ac on the given quadratic equation with correct a, b and c;
a=3(k+2)
b=k+5
M1
c=k

and a correct substitution to obtain (k + 5)2 —4x3x(k+2)(k)

Note: Accept for this mark any inequality, equals sign and even b? —4ac used on its own.

M1

For attempting to expand the brackets and form a 3TQ in terms of k.
Allow as a minimum at least one term correct.

k? +10K +25-12k? — 24k :>(—11k2 —14k +25)
MOML1 is possible here.

Al

For the correct 3TQ with the correct inequality.
Note: Allow > or < in place of > and < for this mark

—11k*-14k +25 > 0 or 11k*+14k—-25 <0

M1

For an attempt to solve their 3TQ, (provided it is a 3TQ) in terms of k by any acceptable
method.

See General Guidance for the definition of an attempt by factorisation, formula or
completing the square.

Use of calculators: if their 3TQ is incorrect, do not award this mark if working is not seen.

11k +25)(k -) =0 =k =1, —§

M1

For forming the correct inequality with their critical values, provided they have been
obtained from a 3TQ, must be a closed region.

o
11

ft their values from their —11k?+14k —25 > 0 or 11k*-14k+25 <0

Al

For the correct inequality.

_§<k<1
11

7
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2
@ 2—i(x2 —20x)
25
1 2
I N
2% [ (x+10)" ~100 M1
es-i(x—lo)2 So A=6 B=-—L C=-10 Al Al
25 25 Al
(4)
ALT
A—Bx?>—-2BCx—BC? —2+ﬂx—ix2
7857 o5 M1}
1
B=2¢ {A1}
2 4
—gc =g C——lO {Al}
1
—2—5(100)+A=2 A=6 (AD
(4)
(b)(i) |6 B1 ft
(b)(ii) |10 B1 ft
2
Total 6 marks
N2
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Part | Mark | Guidance
(@) M1 | For a complete method to complete the square to achieve as a minimum

1 2 _i 2
2+25(Xi10) p or +25[(xilo) q}

where p and g are constants

Al For one correct from A=6 B= 2% or C =-10 whether stated
explicitly or embedded

Al For two correct from A=6 B-= % or C =-10 whether stated
explicitly or embedded

Al 1 1 2
Fully correct A=6 B = and C=-10 OR 6—2—5(x—10) oe

ALT — equates coefficients

M1 | Foran attempt to expand A— B(x+C)2 AND equate coefficients to the
given f(x)= A—Bx*-2BCx—BC?= 2+gx—%x2
Allow A+Bx*+2BCx+BC? for the expansion of A— B(x+C)2
There must be an attempt to equate at least one coefficient.
-B= S = B=..

25
—ZBC:£:>C =...
5

A-BC’=2=A=...

Al 1
For one correct from A=6 B= > or C =-10 whether stated
explicitly or embedded

Al For two correct from A=6 B-= 2i5 or C =-10 whether stated
explicitly or embedded

Al 1 1 2
Fully correct A=6 B = and C=-10 OR 6—£(x—1o) oe

(b)(1) | B1ft | For the value of 6 or ft their A
(i) | B1ft | For the value of 10 or ft their C

7
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1 (@) | 3xq=-12=q=4 M1A1
[2]
(0) | b?—4ac<0, (p-2)"-4x1x'4'<0 M1
To find critical values;
p’-4p-12=0=(p-6)(p+2)=0=p=6, -2 dM1A1
(Chooses inside region from their critical values) ddMm1
—2<p<6 Al
[5]
Alternative
(0) | b?—4ac<0, (p-2)"-4x1x'4'<0 M1
(p-2)°<16=>-4<(p-2)<4 dM1Al
—2<p<6 ddM1Al
Total 7 marks

(@ | M1 | Substitute x=0 and f(x)=-12 and proceed to eliminate the term in p to

obtain a linear equation in q.
Al | q=4 (score M1 Al if no working shown)
(b) | For the first 3 marks allow b? —4ac <0 or b* —4ac =0 or b*>—4ac >0
M1 | Attempt to use b® —4ac (<0) withb=p—-2,a=1and c =4 (ft from (a)).
Correct formula shown and used or correct substitution.
dM1 | Attempt to solve their quadratic inequality or equation. Depends on previous
M mark.
See general guidance for solving quadratic equations.
Al | Correct critical values, (p=)-2,(p=)6
ddM1 | Correct use of their critical values, showing that the inside region has been
selected. Both M marks needed.
Allow with < or < or set language statement.
Al | -2< p<6 must be interms of p. Allow pe(-2,6) or

—2<p ANDp<6or {-2<p N p<6}

Alternative
(0) | For the first 3 marks allow b? —4ac <0 or b>—4ac =0 orb?—4ac >0

M1 | Attempt to use b® —4ac <0 with b= p—2,a=1and ¢ = 4 (ft from (a)).
Correct formula shown and used or correct substitution.

dM1 | Write in the form (p—2)? <16 and attempt to take square root of both sides
(both positive and negative options are needed),

oras (p-2)°—16 <0 and attempt to factorise [(p-2) —4][[( p—2)+ 4]} <0
Depends on first M mark.

Al | Correct critical values, p=-2, p=6 (Accept if wrong variable is used.)

ddM1 | Correct use of their critical values, showing that the inside region has been
selected. Both M marks needed.

Allow with < or < or set language statement.

Al | —2< p<6 (interms of p) with options as above.

7

74



MARK SCHEME - Paper 1R - November 2020 - Q8

The Quadratic Function (2)

Question Scheme Marks
number
8 B1
(a) a+ﬂ=% ap=2
p=a+f+ b Ml
1
1 3 7
= _4==— % *
34 12 Al(;’;"
3
(b) 1 1 1 p+a’
a B af  af
2
_ af+—— (a+p) ~2ap Al (M1
a af on ePen)
1 8
4 3 9 3 1
= —+=+ =— oe
34 4 6 M
3 7]

Part | Mark Additional Guidance
(@ | BI 1 4 L
a+ = 3 off = P can be explicit or implicitly used later
Ml For an initial expression correctly adding the roots of g(x) and an attempt to
simplify. Minimum attempt must involve terms & + £ and an attempt to
simplify, bringing the fraction part to a common denominator o3
written as a single fraction.
Al* | cso*
(b) M1 For multiplying the roots of g(x). Minimum attempt must involve a
1
correct multiplication of the brackets with terms of + _ﬂ and an
Q
attempt to bring the fraction part to a common denominator of3
Al Correct expression as shown.
M1
ePen)
dM1 | Substitutes their values for  + f and @/ correctly into their expression
(this expression must be ready for substitution of both & + £ and «of)
Al 1
— oe
6

R
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a+pf==, aff=-2 B1B1
3
1,1 _af_ 5 _ _3 _b
Sum a+B_aB_—2 8_( a) M1AL
L1 _ _1_ (¢
Product: ;xﬁ_aﬁ— 2—(a) B1ft
. . 2 3 1 2
Equation: x +§x+ -3 =0=8x"+3x-4=0 M1ALft
[7]

Total 7 marks

Bl

For correct value for a + 8

Bl

For correct value for af8

M1

.3
1 1 a+f their -
Forthesum —+—-=—=—-+=
a + 4 af their—2

Allow use of their stated @ + 8 and af8

Al

3
For the correct sum — s

B1ft

For the correct value of the product% X % =L=_1

af 2
FT their stated @ + 8 and af8

M1

For correctly forming an equation with their sum and product

4 rq1

2 _ —— (=0
x x + 2( )

8
Condone the absence of =0 for this mark.

Alft

For the correct equation 8x2 + 3x — 4 = 0 oe
Follow through from their sum and product. Must be integer coefficients and constant.




MARK SCHEME - Paper 1 - January 2022 - Q2 The Quadratic Function (2) <QUESTION
Question Scheme Marks
number

2(a M1
@) f(x)=2(x*-6x)+5 OR f(x):Z(x2—6x+g]
M1
2 2 5
f(x)=2([x-3[' -k)+5 OR f(x)=2([x—3] —k+5j
f(x)=2[x-3] -13 A31
a=2,b=-3 c=-13 Allow values embedded in f (x) 3]
ALT — Equating coefficients
ax’ + 2abx +(ab’ +¢)=2x" ~12x+5=a =2 [M1
2ab=-12=2x2xb=-12=b=-3 M1
, Al]
ab’+c=5=2x(-3) +c=5=c=5-18=-13
®) | 2[x-"3]-13'>37=2[x-"3] =50 = [x—3] =25 = x="3'+.. Xll
Critical values x = —2,8
M1A1
{x <-2}u{x>8} [4]
ALT - solving inequality without use of completed square form
2x2—12x—32>0=>x>—-6x—-16>0=> (x+2)(x—8)>0 [M1
Critical values x = —2,8 Al
{x < =2} U {x > 8} M1A1]
Total 7 marks

Part

Mark | Notes

(@)

M1 | Starts process to complete the square by taking out 2 as a common factor
f(x) = 2(x> — 6x) +5 OR f(x) = 2(x% — 6x +§)

M1 | Attempts to complete the square:

f(x)=2([x—3]2 —k)+5 OR f(x)=2([x_3]2_k+gj

Al | Correctly completes the square to obtain:
a=2b=-3 c=-13

Allow embedded answers i.e. f(x)= 2[x—3]2 -13

ALT — Equating coefficients

M1 | Expands the given form and equates to f(x).
Begins process of comparing coefficients, establishing that a = 2.

ax2+2abx+(ab2+c)52x2—12x+5:>a=2

M1 | Equates coefficient of x and solves for b.
2ab=-12=2x2xb=-12=b=-3
Equates constant terms and attempts to solve for c.
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< QUESTION

ab?+c=5=2x(-3) +c=5=¢c=5-18=-13

Al

For correct values of a, b and c.
a=2 b=-3 ¢c=-13

Allow embedded answers i.e. f(x)= 2[x—3]2 -13

©) | M1

Sets f(x) > 37 and uses their result from part (a)

[provided it is in the form f(x)=2(x+ P)2 +Q ]

and attempts to find two critical values

2[x—'3T -"13'>37=2[x-'3] =50 =[x~ 3] =25= x="3'+..
Condone use of = rather than >

Al

For both critical values of x=-2, 8

M1

For choosing the outside region for their cv’s [provided there are two values]
{x<'=2"u{x>"8"} orany other correct notation.

Condone ‘AND’ for this mark

Al

For the correct region with correct values
{x<-2}U{x>8} orany other correct notation.

Must not use ‘AND’ for this mark.

Alt — solving inequality without use of completed square form

M1

Sets f(x) > 37 and attempts to find two critical values.
See general guidance on what constitutes an attempt to solve a quadratic.
Condone use of = rather than >

Al

For both critical values of x=-2, 8

M1

For choosing the outside region for their cv’s [provided there are two values]
{x<'-2"u{x>"8'} orany other correct notation.

Condone ‘AND’ for this mark

Al

For the correct region with correct values
{x<-2}U{x>8} orany other correct notation.

Must not use ‘AND’ for this mark.
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Question | Scheme | Marks
For part (a) of this question, mark using the scheme which gives the most marks.
2a 1 97 B1B1B1
p = 2, q =—, f=——
8 32
ALT 1 1 3 1
X)=2x" +=x-3= 2| X’ +=x—=| or 2| x¥*+=x|-3
(g( )=2+5 j ( 4 2) ( 4 j M1
17 1 3 1T 1
"2") | x+=| ———-—=] or ("2") | Xx+=| —— |-3
( )([ 8} 64 ZJ ( )([ 8} 64] M1
1T 97 1 97 Al
2| X+=| —— or p=2, =—, 08 r=—— 0e
{ 8} 32 P 973 32 [3]
(b) . . 97,
M (900 =)™~ Bift
. 1
(i) (x=) _§ B1ft
[2]
(© . W 97,
(I) h(x)min = _5 Blft
(ii) xogieo 1 B1ft
8 2 [2]
Total 7 marks

Part | Mark | Notes
e Mark using the B scheme first.
o If not full marks — use the MMA scheme also, if appropriate.
e Same score — apply the B marks.
o Higher score — apply the marks from the MMA scheme.
(@) B1 | Forone of p, g, or r correct.
Different | B1 | For two of p, g, or r correct.

to Ep‘fn B1 | Forall of p, g, or r correct — note g and r can be written as equivalent fractions.
marks

ALT M1 | Correctly takes out 2 as a common factor to give either of the 2 expressions shown.
M1 | Completes the square correctly, regardless of any factor on the outside — follow
through their factorisation.

(x2+ax+b) or (x2+ax)+c:>

(66 G ) s

Al | Fully correct answer — note g and r can be written as equivalent fractions.
Note part (a) does not ask students to show working nor preclude the use of a calculator, so if
values are simply listed, these can be given marks from the B scheme

(b) (i) B1ft | For the correct value or ft their r

(i) B1ft | For the correct value or ft their — g

If no labelling of (i) and (ii) is present for parts (b) and (¢) — marks may be awarded for the
values presented in the correct order.
B0 B0 if not labelled and work doesn’t meet this condition.

©) (1) BIft For the correct value or ft their —2—;

ii B1ft .
(i) For the correct value or ft the cube root of their —% (evaluated).

7
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MARK SCHEME - Paper 2 - January 2020 - Q5

The Quadratic Function (2) <QUESTION

Question Scheme Marks
Number
5
, 7
(a) X’ ——x+2 (=0) M1
2X* —T7X+4=0 Al (2)
a
(b) — X E =1 B1
f «
a + ) -2
a p_(atp)~2ap i
B« ap
49
233 dM1A1
2 ' 8
x2—§x+1 (=0) M1
8x* —33x+8=0 Al (6)
8]
(a)
M1 Use X* —(sum of roots) X + product of roots (=0 may be missing)
Al Correct equation as shown or any integer multiple of this. Must have = 0
NB: A correct equation with no working scores 2
ALT
Ml Eliminate @ (or £) between the 2 equations and multiply through by & (or §)
Al A correct quadratic equation with integer coefficients. Unknown can be « (or £)
NB; isw any attempt to solve their equation.
(b)
B1 Correct product of roots, seen explicitly or used.
M1 Attempt a single fraction for the sum of the roots with the numerator ready for
substitution of known quantities. Denominator must be o/ .
dM1 Substitute numbers in their single fraction.
Al Correct value for sum (as shown or equivalent fraction)
M1 Use X* —(sum of roots) X + product of roots (=0 may be missing)
Al Correct equation as shown or any integer multiple of this. Must have = 0

7
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< QUESTION

2
5a (y=l+gx:>j eg kxz—x(1+gx]+(k+1)x—1=0 or eg kx +(k+1)x—1=5)(+1 M1
kxz—x—§x2+kx+x—1=0 or  2kC+2(k+D)x—2=k +2X o8 -
And an attempt to simplify must be made.
kx® +2kx—2=0 oe Al
(b?—4ac =0=)("2k")" —4("k")("~2") =0or (x+1)° =1+§ M1
ak(k+2)=0 or k+2=00r1+§=0 dM1
k=-2 Al
(6)
ALT Realises if the line intersects the curve only once, it is a tangent at point A — final 3
marks
. 2
Final 3 y= kx® + (k +1)X_1=(kx+k+1—£} and (d_y :)K M1
marks X X dx )2
((j—y—)k(+0)+i2=5:>x2_—g
dx X° 2 k
k(—gj+2k /—g—2=0:>2k /—g=4:>4k2(—gj=16:>—8k=16 dm1
k k k k
k=-2 Al
b When k =-2 -2x* —4x—-2=0 or (x+1)° =1+£2
(x+1)° =0 M1
X=-1=y=2 So (-12) Al
)
Total 8 marks

INZ)
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MARK SCHEME - Paper 1 - January 2023 - Q5 The Quadratic Function (2) < QUESTION

Part | Mark | Additional Guidance
(@) M1

For correctly substituting y =1+ g xinto kx® —xy +(k+1)x=1

M1
For a complete expansion of x(1+ng and (k +1)x . Allow one error in the expansion.

For multiplying the equation throughout by 2x or -2x, x or -x to eliminate any algebraic
denominators, allow one processing error.

There must be an attempt to simplify follow either of these steps.

If any other manipulation is seen, full marks can be awarded if the steps lead to a correct
equation or a three term quadratic with one processing error made. If there is relevant
work, not leading to either of these, please send to review.

Al | For acorrect three term guadratic. oe

M1 | For clear and correct use of b* —4ac=0 or a full and correct completing the square
process, using their expressions for a, band c. a,b,c#0

dM1 . . .. . .
For factorising or any attempt to solve their quadratic in k, or setting theirl + E =0

See general guidance for acceptable attempt to solve a quadratic.

For the case of a 2TQ with terms in k and k? (which a fully correct solution delivers), we
need to see a correct factorisation in the case of this mark or, as the candidate is told k is no
zero, they may also correctly divide throughout by k.

Dependent on the previous method mark.

Allow this mark to be implied if k is correct. Otherwise, the method must be shown to gain
this mark.

Al | k =-2, must dismiss k = 0, if found.

ALT
States and use the gradient of C is g

M1 | As main scheme.
M1 | As main scheme.
Al | As main scheme.

M1 . . . .
Differentiates C and puts the gradient = gto get an equation of the form
mk + 12 =g m,n=0 (doesn’t need to be simplified) but must lead to an expression of
X
the form x? :_IE 1£0

dM1 | Substitutes their expression for x* into their quadratic equation and rearranges to give an
expression of the form —pk=q or pk=-q p>0,k>0

Al | k=-2 (must be the only solution given).

(b) M1 | For correct substitution of their value of k into their 3 term quadratic from part a and a
minimally acceptable attempt to solve for x. See general guidance.

Al | For (-12) orx=—1andy=2

R
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MARK SCHEME - Paper 2 - June 2024 - Q2 The Quadratic Function (2) <QUESTION

Question Scheme Marks
2 5Y 5 1 B1,B1
wip={5)-5 =
2
a2+ﬂ2=(a+,ﬁ)2—2aﬁ':> > —2><1:g Bl
3 3 9
probucT: X x 2 -1 81
28 20 4
19
2 2 2 2 —_
sum: &4 B a2 _ja'+f ) S a f_9 B M1AL
20 2« 4af 2o 2 2a 2 6
3
EQUATION: x2—§x+1:0312x2—38x+3:0 0.€. MIAL
6 4 [8]
Total 8 marks

Mark Notes
5
B1 For the correct sum of 3
This may not be explicitly seen — look for it in their working
1
B1 For the correct product of 3
This may not be explicitly seen — look for it in their working
For the correct value of o + {%} but does not need to be evaluated so accept
> 2 —2><1 seen anywhere in their workin
B1 3 3 W J
This can be embedded anywhere in their work
. N 1
This can also be implied from a correct value of the SUM i+2£ =€9
o

Bl For the correct PRODUCT of %

20% +28°

For the correct algebra
daf

M1 | if the algebra on o+ 82 is incorrect] to find the SUM.

.19 . : .
Ft their 5 even if it comes from incorrect algebra on o’ + ° earlier.

}and substitution of their values of o® + ° [even

Al For the value of %

For a correct equation in any form.

M1 Need not = 0 for this mark

Al | For a correct equation with integer coefficients = 0

7
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< QUESTION

5(a) (a+p) =a’+3a’B+3af’ + B M1
(o +B) ~3ap(a+p)=
Lo’ +3a’B+3ap + B -3a’ f-3af’ =a’ + Alcso
[2]
ALT @) | (a+p)’ -3aB(a+p)
=(a+pB)((a+B) -3ap)
=(a+,b’)(a2+,82—aﬂ)
_ 3 22 2 3 p2
—a3+a/33 a’f+pa" +p -pa ML
=a'+p Al cso
[2]
(b) aﬂ=—% and o+ =3 B1
Product:
aZ ,32_ __Z
?x;_aﬂ— 5 B1ft
Sum:
3$-3 ! 3
& p_[a8+f|_(arp)-Baplatrp) ° 7" 17
B a | af | aff - 7 7 M1A1
2
Equation:
X2+£X—Z=O:>14X2+234X—49=0 M1A1
7 2 [6]

Total 8 marks

INZ)
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MARK SCHEME - Paper 1 - June 2025 - Q5 The Quadratic Function (2) < QUESTION

Part | Mark Additional Guidance

(@) M1 | For correctly expanded (a + )’
(a+p)=a’+3a’ B +3af’ +
Alcso | For obtaining the given result without any errors
ALT(a) | M1 | Factorises (« + f3) first then attempts to expand all brackets
Alcso | For obtaining the given result without any errors

(b) B1 | For the correct sum and product of the given equation
Allow calling «, 8 as x, X, or other letters
a® p 7 .
B1ft | For the product ?x— =aff = '—E‘ , follows through their value of af
[24
M1 1an3 AN
2 2 3_3 (3) —(3)x(—jx(3)
Forthesuma—+ﬁ—=(a+ﬂ) a’B(CH'B): 2 Z(_E)
a af (._7.) 7
2

Correct algebra and correct substitution of values of theirff and o +

Al For the correct sum —g

M1 | For correctly forming an equation with their sum and product

x? —sum X + product =0
21 117 [ 7 1
D
2
Condone the absence of = 0 for this mark.
Al | For the correct equation 14x” +234x—-49=0 oe
Must be integers coefficients

=0

7
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MARK SCHEME -

Paper 2 - June 2022 - Q5

The Quadratic Function (2)

< QUESTION

Question Scheme Marks
number

5a a+,8:—9:_(6+2p): 3—-p B1

a 2
_C_2p_ B1
K @

b (a—pB) =a®+ > —2ap M1
=(a+p) —4ap M1
:(_3_ p)2—4p M1

(4)

c (a—p) = 3implies (a - B)" =9 B1
S09=9+2p+p°=0=2p+p*=0=p(2+p) M1
p=0 or p=-2 Al

3)
Total 9 marks
Part | Mark Notes
(@) Bl | Forthesum «a+ 3 =-3—p Need not be simplified. E.g., accept w
2p
B1 | Forthe product afi=p | Accept 3
(b) For the correct algebraon (c —ﬁ)2
M1
(a—p) =a®+ > —2ap Accept un-simplified and terms in any order
For the correct algebraon (« —,8)2 using (o +,8)2
2 2
M1 (a—p) =(a+p) —4ap
Note: (« +/5¢)2 =9+6p+ p° which you may see substituted in without seeing
the algebra
M1 For substituting in their sum and product from part (a)
(a=p) =(-3-p) —4p
For obtaining the given result (a —ﬂ)z =9+2p+p°
Al | Note: condone absence of seeing the LHS.
CS0 | Note: This is a given result. There must be no errors or omissions (including
in algebra) in their work for this mark
© | BL |For(a-p)"=9
ML For setting the given answer = 9
9+2p+p*=9=2p+p°=0= p=... Two values.
Al |For p=0 or p=-2

7
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< QUESTION

6@ | (a-pBY =a’-228+p M1

(0:—,8)2 =(a+ B)* —2ap -2af M1
(a-p) =(a+p) —4ap * A%B(;SO
(b) a+f=7k and af=k* B1
N s
=/45k =3k\5  * A%SC)SO
(c) Sum= a+ g (=7k) B1ft

Product

(a+)(B-D)=cfB—(a-B)-1= (a+1)(B-1)=k?-3k/5-1| Ml

So X2 —7kx +k? —3ky/5-1=0 M(14§\1

Total 10 marks

Note: You may see a method based on the difference of two squares for part (a)

ie. (a+p) —(a-p) =4ap
Solution

(a-pB) =(a+p) —sap=(a+p) —(a-p) =4ap
(a+p) ~(a-p) =(la+p]+[a-p])([a+p]-[a-p5])
=(22)(28)
=4af
LHS= RHS (hence shown)

If this is a full and correct solution as shown (no errors) — award full marks — otherwise, please send to
Review.

N2
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MARK SCHEME - Paper 1 - June 2021 - Q6 The Quadratic Function (2)
Part | Mark | Notes
(a) For expanding (« —/3)2 =a’-2af+ = (a2 + % - Zaﬂ)
ML | or expanding ( + B)? = & + B2 + 203
This must be correct for this mark.
Replaces o’ + f° with (a+ f8)> —2af in their expansion of (o — ). And
M1 | attempts to collect terms
(a—,B)2 =(a+ ) -20f-2ap
A1 | Forthe correct given expression with no errors seen.
cso | (a—pB) =(a+p) —d4ap *
ALT
For expanding (& —,3)2 =a’-2af+ = (az + % - Zaﬂ)
ML | or expanding ( + B)? = & + B + 203
This must be correct for this mark.
For expanding the RHS and equates to their expansion of (a —ﬂ)z and
M1 | attempting to simplify.
o’ + B =2app =(a’ + B +20) - 4af
A1 | Both sides of the equivalence are shown to be equal with no errors seen.
cso | (a—pB) =(a+pB)° —bap *
(b) gy | Forboth o+ B =7k and aff =k?
This may be implied in later work e.g. by use of 49k? and 4k?
For substituting their values for the sum and product into the given expression for
(a —ﬂ)2 , simplifying and square rooting both sides.
MU (= By = (k) 4k = - o= J(TK)? —4K? = /45K
Condone ++/45k? for this mark.
gé For the correct value of o — B = 3k+/5 *
(©) Forthe sum (o +1+ f-1)=a+ B =Tk
Bift Ft their o+
For the product in terms of k. Correctly multiplying out ( +21)(£—1) and
M1 | substituting in their value a8 and the correct value o — f = 3k+/5
(a+)(B-1) =af—(a-B)—1= (a+1)(B-1) =k? —3k~/5 -1
For correctly forming an equation with their sum and product
M1 | x2—'7k'x+'k? —=3k\/5-1'(=0)
Condone the absence of = 0 for this mark
For the correct equation X2 —7kx + k2 —3ky/5-1=0
Al

Allow p=-7k q=k?-3k+/5-1

7
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<QUESTION

4
R aﬂ=% B1
(a+p) —2af=a*+ M1
2 3 M1
(_2) _2(5j24_3:1 * Alcso
4)
ALT
20° +4a+3=0 and 25°+43+3=0 {B1}
2a°4+3 +4a+p +6=0 {M1}
oG =2 -2 —3=1* M1}
{Alcso}
4)
(b) 0£4+ﬂ4=(0!2+,32)(052+ﬂ2)—2052ﬂ2 M1
3y 7 M1 Al
1x1-2[ 2] ==L
g (2) 2 3)
ALT
a? + 3 2=1=a4+2a2ﬁ2+ﬁ4=a4+ﬁ4+2x% {M1}
4, a4 9 T M1}
© 3
Cc 4
Product of the roots: o*3* =(§) _8 M1
2 16
(Sum of the roots: a* + B* = —%)
16x* +56x+81=0 Ml(A)\lft
3
Total 10 marks
INZ)
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< QUESTION

MARK SCHEME - Paper 2R - January 2022 - Q4 The Quadratic Function (2)
Part | Mark | Notes
@) B1 | For ¢+ 4 =-2 and aﬂ=§
2
vy | For (a+B) —2af=a’+f
This must be correct
For substituting their sum and product into their expansion for o + 5°
M1 2 3
2V 22
(-2 -2[3)
Alcso | For obtaining the given expression o’ + > =1
ALT
Bl |For 20° +40+3=0 and 25°+45+3=0
M1 |For2 a*+3 +4 a+p +6=0
M1 | For —2 —2 -3
Alcso | For obtaining the given expression o’ + > =1
b 4 4 _ (2 2 2 2\_ 9,202
(b) M1 For " +f —(a + )(a +,B) 2a°
This must be correct
For substituting «® + > =1 and their product from (a) into their expansion
for o'+ p*
M1 d ,
at+p :1x1—2(§j
2
Al | For the correct value o'+ p* = —g
ALT
M1 | For 1=a* +2a*3* + *
M1 F0r1:a4+54+2><%
4 4 7
Al |Fora +p4" = -
(d) 4
M1 | For product of the roots: a*B*| = 3.8
2 16
M1 | For use of x*— (their sum) x -+ (their product) =[0]
Al For 16x* +56x+81=0
Must include =0

7
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< QUESTION

8@ | x*+3x%y+3xy 4y ‘[315
(b) a+ﬂ=—§ and aﬁ:% oe B1
o+ =(a+p) -3aB(a+p) M1
3
e (D
2 2
» oe
8 Al
8 [4]
c
@ B
B o
llﬁll
a’+p° 8 M1
aZ 2 = l|2n2
i oe
2 Alft
a p 1 1
AW IR TY)
po a aff 2
1
— oe B1ft
2
o2y o) v
32 2
32x? —45x+16=0 oe Al
[5]
Total 10 marks

N2
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MARK SCHEME - Paper 1R - June 2022 - Q8 The Quadratic Function (2) < QUESTION

Part | Mark Additional Guidance
@) B1 For the correct expansion simplified or un-simplified.
For example, allow X° +2x%y + X°y + xy® + 2xy* + y°
(b) Bl Product and sum both correct, written explicitly or used later in working.
M1 | An attempt to rearrange their expression from part (2) to achieve as a minimum
a’ + B =(a+B) +3ap(a+p)
Note: Accept alternative algebraic arrangements of «® + #° but please check
carefully that the algebra is correct.
dM1 | Substitution of their sum and product into an expression which must be of the form
(a+B)* +30f(a + f)
Note: If they substitute correctly into alternative arrangements check that they are correct.
Al 45
For — oe
8
(© M1 a a’+ B
Correct algebra to obtain —- + ﬁz = 2,36 and substitution of their values for the sum
a a
and product.
Alft 45
For — oe
32
Note: only follow through their values for product and sum into correct algebra.
B1ft | For the correct algebra and substitution of their a5 =2 to obtain
a o) 1 1 e
—a X~ = —— =7, fttheir ¢
ﬁZ aZ aﬂ 2 ﬂ
M1 | Use of their sum and product to correctly form an expression as shown,
45 1
2 n n n-un
X*="—="x+"="(=0
> > (=0)
Allow missing = 0 for this mark or even =y for this mark.
Al

Correct equation or any multiple of it, for example , 64x* —90x+32=0
The coefficients, must be integers.

ALT Starts with (X—%j(x—ﬁzj:OSxz—x[ﬁz+%)+ﬁzx%=o
B a a” f a” p

3 3
. + o .

Correct algebra to obtain % + ﬁz _ > ’f and substitution of their values for the sum
M1 a a’p

and product.

For E oe
Alft 32

Note: only follow through their values for product and sum into correct algebra.

For the correct algebra and substitution of their af =2 to obtain

a f 1 1

Bift | —X—=—=-— fttheir ¢

ﬁZ a2 aﬂ 1 2 1 ﬂ

For x2—x[ 2 Li_g
M1 32 2

Accept this expression on it’s own or even =Y for this mark
Ay | Correct equation or any multiple of it, for example , 64x* —90x+32=0

The coefficients, must be integers.

7
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< QUESTION

6(a) a+,8=—§ aﬂ=—g Bl
o+ =(a+p) —3apf(a+p) M1
“3+ﬁ3:(jjs_3(_BJ(_§J:_125_15|O _ 215 MLM1

2 2 2 8 4 8
=p=3 Al
ALT [5]
@+ B =(a+ B)(a* ~ap+ p?)=(a+ p)((a+B) ~3ap) V1]

(b) | Sum:
a+ﬂ+a+ﬁ_aﬂ2+ﬂ3+a3+a2ﬂ_a3+ﬂ3+aﬂ(0l+ﬂ)

2 ﬂz = azﬂz = azﬂz M1
ALT
a+ﬂ+a+ﬁ_az(a+ﬂ)+,b’2(a+,8)_(0!2+,32)(a+,8) -
a2 ﬂz - azﬁz - azﬂz
_((a+,8)2—2aﬂ)(a+,8)
- a2ﬂ2
(2 :
8 22 2 :—185 allow 185 if they start with a negative.
3 18 18
)
Product:
5 M1A1
(a+ﬂjx a+f _(a-i—,b’)z_[_zj 25 [5]
0!2 ,32 - azﬂz - 3 2 9
)
x2+18—5x+§=0:>18x2+185x+50:0 oe
18 9
Total 10 marks




MARK SCHEME - Paper 2R - June 2023 - Q6 The Quadratic Function (2)

Part | Mark Notes
@) Bl For the correct expression/values for BOTH the sum and product.
This must be identified, or implied from their working.
M1 | For the correct algebra to find ® + g°in terms of o+ g and aff
o F+p=(a+p) -3ap(a+p)
o @+f=(a+p)((a+p) -3
e Orany other algebra, but do not award this mark until the
values of o+ f and af can be substituted in directly.
M1 For substituting their values of the sum and product into their
expression for o® + g°
M1 For solving the linear equation in p
Allow one slip in their working.
Al For the correct value of p with no errors.
(b) M1 For the correct algebra for the sum of roots.

This must be such that the given value of «® + 4°, with their values of
aff and (a+ ) can be substituted in. If they use the ALT they will

not need o® + S°

Some candidates will reverse the sign at this stage in anticipation of
the reversal required in the equation.

M1 | For substituting in the given value for «® + %, and their values for
a+f and af into their expansion for the sum.
If they use the ALT they will not need o + °

B1ft | For the correct value of the product of roots.

You must follow through their p.

You do not need to check the calculation once you see the correct
algebra with a correct substitution.

M1 For forming an equation with their sum and product.

Ft the sign of their sum. Some candidates reverse the sign when
finding the sum.

Watch out for that! Accept this without = 0

Al For a correct equation including =0

There is no follow through on this mark.

NB accept a correct equivalent equation provided it has integer
coefficients. e.g. 36x*+370x+100=0

SC —they solve the equation and find values for « and g

Award marks for correct work seen above in part (b)
e If they do not obtain an expansion for the sum into which «*® + °, af and

(a+ ) cannot be directly substituted — first MO

e If they do not substitute o® + 8°, a8 and (a + B) but other values based on
a and S - second MO

e If they cannot substitute «f and (a+ﬂ) into the product — BO

Then allow marks for forming the equation as above.

7
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< QUESTION

10@ | o®+ = (a+pB) -3aB(a+p)
’ M1
115_( 6V 4 of 5
8 2 2
115 [ 5)3 dm1
"8 2
Saf=—" L
3x(—5j Al
2 Ccso
=af=4 [3]
(b) sum:
a2+1+,b’2+1_a3+,83+a+/3
B a of
115 (.5
a’+1 p*+1 8 2) 95 MI1A1
:> + = = —
p a 4 32
Product: M1
a2+1xﬂ2+1_a2ﬂ2+a2+,32+1
B a 7
:>az+1xﬂ2+1_a2ﬂ2+[(a+ﬂ)2—2aﬂ}+l M1
B a aff
5 2
4% 4| —= | —2x4+1 Al
o+l fi+l J{ 2) T 61
- X = = —
5« 4 16
Equation: M[17,]A1
— i x+[ﬂj=0:>32x2—95x+122=0 oe
32 16
Total 10 marks

A
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MARK SCHEME - Paper 2 - November 2023 - Q10 The Quadratic Function (2) < QUESTION

Part | Mark | Notes
@) Part (a) is a ‘Show that’ question. You must see sufficient work for the award of both M marks
for the award of the A mark
M1 | For the correct algebra and substitution of the given values into a correct expression

for o + °

There is more than one acceptable form of this expansion.

They must be able to substitute the given values of o+ £ and o + B° with of
as the value to find in any version they use.

For example: &+ f° =(«a +ﬂ)[(a +ﬂ)2 —Saﬂ}

dM1 | For an attempt to solve the linear equation to find a value for a3
Allow one processing error for this mark.

Note, this is a dependent M mark.

Al | For aff =4

CS0 | This is a show question, you must check their algebra carefully.

(b) M1 | For the correct algebra and substitution of the given values to find the sum.
Al

95
For the correct sum =—
32

M1 . . . 2 2 2 7
For the correct algebra and substitution to find &* + §° = (a + )" —2af3 = 2

M1 | For the correct algebra and substitution of the given values to find the product
Al

For the correct product = f—é

M1 | For forming an equation using their sum and product correctly.
x* —(their sum) x + ( their product) = (0)

Allow missing = 0 for this mark

Al For a correct equation with integer coefficients.

For example: 64x> —190x+244=0

7
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The Quadratic Function (2)

Question Scheme Marks
number
2 (a) (x+2)"-4-8 M1
(x+2) 12 a=2 b=-12 Al
2
(b) X +4x—8=2x+7 Ml
x*+2x-15=0 dm1
(x—=3)(x+5)=0 or any valid method Ml
x=3,y=13 x=-5,y=-13 Al Al
©)
() LA
Quadratic drawn B1
Correct line drawn B1
Minimum labelled Bl ft
A'x
Points of intersection labelled B1 ft
4
“(-2,-12)"
[11]
Part | Mark Additional Guidance
(a) M1 | Use general guidance, allow an expression of the form
(x+4) £g+8 g=0
Al | Correct expression as shown, a and b need not be explicitly stated
(b) Ml Correctly equates the 2 expressions
dM1 | Rearranges to a 3TQ = 0 (allow any 3TQ if intention of rearrangement is
clear)
M1 Uses any valid method to solve — see general guidance
Al For either pair of values stated
Al For all four values, correctly paired or written as coordinates.

For the final A1 Al, do not allow recovery of y values from part c.

(©)

B1 Correctly shaped quadratic curve, with a clear minimum point, drawn
anywhere on their axis, mark intention.
B1 Correct line — must have a positive y intercept, a positive gradient and a
negative x intercept
Bl1ft | Correctly labelled coordinates for their minimum, ft their answer from b,
must correctly ft their answer from a, ie minimum point labelled (- a, b)
Blft | Correctly labelled coordinates for their intersections.

The coordinates must be clearly indicated and not inferred from a scale on the graph.
Ignore any labelling of intersections with axes.

R
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The Quadratic Function (2) <QUESTION

Question Scheme Marks
Number
3 5
6(a a+pf=— aff=— Bl
@ p= af=—
2
2_“+%_2(“2+ﬂ2)_2((a+ﬁ) ~2p) M1
B« afp aff
2(19+5j 49
_ 6 2 __x Al
5 10
4
20 25 _, B1
p «
x2+§x+4(:0) M1
10
10x° +49x+40=0 Al (6)
(0) | 4(a+p)=3=—, p=-12 MIAL
(3a+ﬂ)x(a+3ﬂ):3(a2+ﬂ2)+10a,3 M1
9 5 5 53
=3| —+—- |-10x| — |=—— oe Al
(16 2) XLJ 16
q 53 53
d__2 g==-=2 (e Al 5
4 16 a 4 ©)
[11]
(@)B1 | Correct values for o+ g and of . Award if values not seen explicitly but embedded in the
sum/product calculations for the new equation.
M1 Attempt the sum of the roots of the new equation. Must reach a correct expression ready for
substitution of values of o+ and af
Al Correct value for the sum. Allow if o+ f = —% has been used.
Bl Correct value for the product of roots of the new equation.
M1 Use x*—(sum of roots) x+ product of roots “= 0" may be missing
AL Correct final equation, as shown or an integer multiple of this. Must have = 0 now.
Allow if a+ g = —% has been used.
(b)
M1 Use their value of « + £ to obtain a value for the sum of the roots of g (x) =0 and
equate to +p/4
Al Obtain the correct value of p
M1 Attempt the product of the roots of g (x) =0 and obtain an expression ready for substitution
of values. May use work from (a) for value of a® + > so the expression shown is sufficient.
Al Obtain the correct value for the product
Al Correct value of q

7
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The Quadratic Function (2)

Question Scheme Marks
number
8 a+f=4kJy2 and af=2k'-1 B1B1
(a+B) =a+ f+2ap = (4k2) =66+2(2k* ~1) M1 AL
k*-8k*+16=0 M1
(k2 -4) =0=k=2 M1 Al
(a+p) =a® +3a’f+3ap* + [
M1
or &+ f° =(a+p)(a’ + 5 - ap)
o+ =(a+p) —3af(a+p) AL
or o’ +f° = (a +ﬂ)(66—a,6’)
o+ B = (8«/5)3 —3x31x 842 = 2802
or 842 (66 —31) = 2802 M1
p=280 Al
(11)
Total 11 marks
Mark Notes
Bl | Foreither o+ =4k/2 or aff=2k"-1
Bl | Forbotha+B=4ky2 and af=2k*-1
For the correct algebra on o + £ (in any order) and substitution of their
M1 values of aff and «+f providing both sum and product are in terms of k.
(a+B) =a+p2+2af = o’ + =('4kﬁ')2 ~2("2k* -1
Al | For obtaining <4k\/§)2 =66+ 2(2k4 —1) in any order.
For simplifying to form a 3TQ in k*
M1 | ie., 4k*—32k?*+64=0 oe
Accept as a minimum 4k*-32k*+Q=(0) Q=0
M1 For factorising or solving the 3TQ using any valid method.
See General Guidance.
Al For k=2
If they also give k = — 2 withhold this mark.

t‘
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The Quadratic Function (2)

Method 1
For expanding (a + ,8)3 =a’ +3a’f+3ap’ + S
M1 3 3 2 2
or o’ + —(a+ﬂ)(a + 3 —aﬁ)
For obtaining &* + 8° = (e + ) —3af(a + p) or
Al | & +p° =(a+pB)(66—ap)
This must be such that o and a+/ can be substituted in directly.
For substitution of « +  and af for their positive value of k into a
correct expansion of a®+ °
NOTE: If they do not obtain k = 2, then full substitution of their numerical
M1 | value forkinto a+ £ and af must be seen for the award of this mark.
For example:
3
a3+ﬁ3=(4x'theirk'ﬁ) ~3x(2x " their k4'—1)x(4x'their k'ﬁ)
Al | Forp=280
Method 2
Finds the exact value of « and S
Solves the equations (a,B =2k*-land a+p= 4kx/§) simultaneously to give
M1 avall;elfor o and 3ﬂ1
a="atf=""+p=8J2= -8 28+31=0
B B
=>p=.. a=..
Al |Fora=1+4J2 B=-1+4J2 OR pB=1+4J2 a=-1+4J2
Substitutes these values into o + 8% = p~/2 to find a value for p
M1 3 3
(1+42) +(-1+442) =24V2+256v2 =280v2 = p=...
Al | p=280

7
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11 . Bl
@ (1) 2a,8=3:>q=a,8:>q=g
2 —_— —_—
(i) o®+p° =(a+pB) - 2ap, {az +p = W}
2 AL 2 k-3 2
(a_l_ﬁ)z:k 6k-3 ,_ k 6k+9 _(k-3) M1AL
4 4 4
NNy T S SN, Sk M1A1
2 2 [5]
(b) 3 k-3
[2]
(© _10-3 7
a+tf=—7==7 M1
sum: —£— + p =a+ﬂ:1 Bl
a+pf a+pf a+p
3
Product: — % x_ £ __ _= 22=£
a+f a+f  (a+p) (7) 49 M1
2
Equation:
X2 —X +£ ( = O) M1
49 Al
49x* —49x+6=0 [5]
@ | B1 _3
(i 172
(i) | M1 | state or use any correct arrangement of (@ + 8)° = & + 2+ 2o and
2 —_— —_—
substitute af3 =g and a® + % = W oe
p may be seen instead of «+ S at any stage of the working.
Condone —p=a+ g for this mark only.
AL | Any correct expression for (a + )" or 4(a+ )" in terms of k
M1 | Correct method to find an expression for p in terms of k from their expression
for (a +,b’)2 or4(a +,8)2. Ignore negative square root.
Must identify p=a+ 8.
Al | A correct expression for p in terms of k. The question does not demand
simplification, but if it is left as a square root there must be an indication that p
must be the positive root (ie no £+ present).

\\\’;
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(b) | M1 Substitute aﬁ:g and their expression for « + £ from (a)(ii) into
7aff =3(a+ ) and obtain an equation in k
Al | k=10 Do not accept if there is an additional root, such as k =—4.
() | M1 | Find a value for e+ 3. Need not be simplified.
Follow through their k and their expression for p.
B1 | Show or state sum of roots = 1 (stated or explicitly used).
M1 3
Write product of roots as Az , ft their ¢+ f :% .
7
%)
M1 | Use equation is x> — (sum of roots) + (product of roots) (=0)
(= 0 may be missing). There must be some attempt to substitute values, not
just expressions in terms of « and . May be implied by an equation with
fractions correctly cleared.
Al | 49x* —49x+6=0 Correct equation with integer coefficients. Must have = 0.

7
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The Quadratic Function (2)

< QUESTION

Question | Scheme Marks
number
5 (a) (a+B) =’ +3a*f+3ap* + f = + B MIAI
()
=(a+p) —3ap(a+p)* [2]
(b) 3 6
a+ﬂ——5 aﬂ—5—3 Bl
[cf +4 =(a+p) —3aﬂ(a+ﬁ)}
3
a3+ﬂ3:(—§j —3><3><(—§j:g Bl
2 2 8 [2]
© (052+,52)2 =a4+2a2ﬂ2+ﬂ4:>a4+ﬂ4=(a2+ﬁ2)2—2(a,3)2* MIAI
Ccso
[2]
(d) ) 3Y 15
a’+p = -=| -2x3=——
B ( 2] 2 Bl
81 3) 93
Sum a-B)+(B-a)l=+ B —(a+ :__(__j:_ Bl
(@’ =B)+(F-a)=a’+ B ~(a+f)=2=| -7 |7
3 3 _ 3 4 4
Product (a —ﬁ)x(ﬂ —a)—(aﬂ) —(a +p )+aﬂ Ml
15Y’ . 543
=27—|| —— | —2x3" |[+3="—
(5] 2ot | w
. » 93 543 ) 3
Equation X —§X+¥—O:>16X —186x+543=0 MIAL
[6]
Total 12 marks
(2)
M1 (a+p) =a® +3a* B +3ap* +
Al cso Obtains the given answer with no errors in the working
(b)
B1 05+ﬂ——é and aﬂ—§—3
2 2
B1 a+ B =%
(c) i
M1 (&’ +8) =a* +22° B + B
Al cso Obtains the given answer with no errors in the working

t .
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(@
Bl
Bl
M1
Al

M1
Al

a’+ B = —75 May be implied by * + p* =

(a - p)+ (" -a) =2
(a3 ) ( )= (a,B)3 —(a4 +ﬂ4)+aﬂ
@~ p)x(p'-a)=22

x* —"sum'X + 'product'(= 0)
16x* —186Xx+543=0

63
16

io
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2k* -7k -4<0 M1
2k +1)(k—-4)<0 M1
1 1
——<k<4  Accept ——<k<4 Al
2 2 4)
(b) 4 2k -7
a+pf " af .
2k -7 L4
a+1+ﬁ+1_2aﬂ+a+ﬂ_ k k
a p ap 2k =7 M1 M1
k
4k-10 k _2(2k-5) AL
k 2k -7 2k -7
2k-7 4 1
a+l B+l _af+a+f+l kg
a B ap 2k -7 M1 M1
k
k-3 k _3k-1)
k 2k-7 2k-7 Al
(2k=7)x* —2(2k —5)x+3(k 1) =0 Al
)]
ALTERNATIVE METHOD
X+1
Let w=—— B1
X
x=—1_ M1
w—1
1 2
Hence k(w—j - ( 1)+2k 7=0 M1
- +2k-7=0
(w—1) w— 1 Al
k—4(w-1)+(2k-7)(w-1)" =0 M1
K—4w+4+(2k - 7)(W* —2w+1) =0 M1
K — 4w+ 4+ 2kw? —4kw+ 2k — 7W* +14w—7=0 Al
(2k —7)x* —2(2k —5)x+3(k —1) =0 (A8§
[12]
INA
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The Quadratic Function (2)

Notes

(@)
M1
M1

M1

Al

(b)
B1

M1

M1

Al

M1

M1

Al

Al

Bl
M1
M1

Al

M1

M1
Al

Al

For use of b? —4ac (Ignore inequality for this mark)
Fora3TQ <0 oe

For solving their 3TQ (Ignore inequality for this mark) May be implied by

1 .
—E and 4 seen as critical values

For —% <k <4 Allow < instead of < Accept —% <k<4

For a+ﬂ:£ and a,B:%
For a+1+,8+1: 20+a+ f
a B afp
For substitution into 2(1ﬂ+—5+ﬁ with some attempt to simplify
94
For 2(2k —5)
2k -7
For a+1xﬂ+1= af+a+ p+1
a B afp
For substitution into aﬂ+a—;ﬂ+l with some attempt to simplify
a,
For SKk=1)
2k =7
For (2k —7)x* —2(2k —5)x+3(k -1) =0
Alternative
For w= X—+1
X

For rearranging to make x the subject

I 1 . .
For substitution of x = w1 into the quadratic
W_

For ( k1)2 —W4 1+2k—7:0
W _

For multiplying by (W—l)2

For expanding brackets

For k —4w+ 4+ 2kw? — 4kw+ 2k —7W* +14w—7=0
For (2k —7)x* —2(2k —5)x+3(k -1) =0

7
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The Quadratic Function (2)

Questio_n Scheme Marks
@O | (a-p=2V6=(a-p) =24)=(a+p) -4aB=24 o0e (1) M1
a’+ 2 =30=(a+p) -2 =30 oe ) M1
2)-(1) 6=2af=aff=3Cs0 dM[z'?l*
ALT1 ((a—ﬁ)z=a2+,82—2aﬂ:>)2aﬂ:a2+ﬂ2—(a—ﬂ)2 oe M1
30-(246) =6 M1
2 =6=af =3 dM1Al
_ [4]
() | 30=(a+p) -2x3=(a+p) =36=a+p=6 [a>p>0]cs0 M%ZA]l*
ALT2() | g—p=26 >a=2J6+p
a2+ﬂ2:30—>(2\/5+ﬂ)2+,82:30 M1
282 +4J63—-6=0 oe eg S>+2/68-3=0 M1
26 +,(246) —4@)(-3)
(=) i 2) e fi(=3-6) aML
a=3++6
aﬂ:(3+\/5)(3—\/§):9+6\@—6\@—6:3 AL*
[4]
(i) | g+B=3+/6+3-/6=6 M[lzf?l
OO | ot 4 g =(a? + p7) —2(ap)’ =30° —2x3* =882 'V'[lz]Al
(b) ii) a4—,6’4=(a2+,6’2)(a2—ﬁ2)=(a2+ﬂ2)(a—,6’)(a+ﬂ) M1
o — B* =30x6x2+/6 = 360+/6 Al
[2]
(©) (e +B*)+(a* - B*) = 2a* =882+3604/6 = o* = 441+1806 M[lz]Al
ALTL | g B=26,0+B=6=a=3++/6
a“=(3+J§)4 M1
Al
o' = 441+180~/6 2]
ALT2 | g—p=26,a0+p=6=p=3-1/6
o' = ' +36046 = (36 +360V6 M1
Al

a® =441+180/6

[2]

Total 12 marks
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Part | Mark | Notes
@ (@) | ML | Eorforming an equation of the form (a+pB) +pap=240e or (a+p) +tef=30

oe
M1 | For this equation being fully correct. Both marks may be implied by early substitution
of values.

dM1 | For correctly solving their simultaneous equations in o+ and af to find a value for
a3, dependent on 1% method mark.

Al*cso | For the correct value of af

ALT1| M1l

For forming an equation of the form qef=a’+ > —(a—B)" oe

M1 | For this equation being fully correct. Both marks may be implied by early substitution
of values.

dM1 | For correct substitution into their equation, dependent on 1% method mark.
Al*cso | For the correct value of af

(@ M1 | Correctly uses either of their equations (must be of the required form) to substitute the
(i) given value of af and obtains a value for o+ 8

Al*cso | For the correct value of a + 3
ALT2 | M1 | Foran attempt to eliminate « or £ and arrive at an unsimplified quadratic equation in

() one variable. Allow one error
M1 | For the correct quadratic equation
dM1 | For a fully correct method to solve their quadratic equation in «or g, dependent on

the 1% method mark
Al*cso | For correctly finding « and S and showing the minimum steps shown to find «f

M1 | For finding « + £ with their values
Al*cso | For finding « + S with the correct values, minimum steps as shown.
(b)) | M1

For the correct algebra o* + g% = (cxz + p? )2 - 2(a,8)2, if they use more complex
algebra, it must be correct and fully ready for substitution of given values.
Do not allow a* + ' =(a’ +,82)2 —2a?B% unless recovered

Al | For substituting the given values to find the correct value for a* + £*
(b) M1 | For the correct algebra to write &* — 3* in terms of (o + 8*), (@~ ) and (a+p)

(i)
Al | For the correct value of * — 3*
(c) M1

For adding together o + #* and o — B to eliminate 3 and reach «* either as an
expression or implied by adding their values together and dividing by 2. If students

subtract or* + #* and & — * to eliminate " and reach B*, they must then reach o*

as an expression or implied by subtracting their values, using one of the expressions
from part b and dividing by 2.

Al For the correct value of o = 441+180\E
ALTL ML For a* = (3+\@)4

Al For the correct value of a* = 441+180\/6
ALTZ ML o ot = 8% 436046 :(3—J€ )4 +3604/6

Al For the correct value of a* = 441+180\/6

7
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0
10 a+ﬂ=—g app =2 B1
(a-B) =(a+p) —4aB, o’ -p =(a+p)(a-p) B1B1
:>a2—,b’2:(a+ﬂ)\/(a+,3)2—4aﬁ
o (K [K) g n VT
PN Iy Ml
:>k7:—8k2—8%3=0:> k*—32k*—-833=0 or any equivalent MI1AL
= (k*-49)(k*+17)=0=k =-7* M1AL
Cso
[8]
b
®) Product: |:(a—ﬂ)(a+ﬂ):a2—ﬂ2 =$} from (a) B1
Sum: (a—ﬁ)+(a+ﬂ)=£+1={\/l—7+7J M1
2 2 2
XZ—(\/]'_72+7]X+7\£]7=0:>4X2—2(\/]7+7)X+7\/]7=0 M1A1
[4]
Total 12 marks

There is an alternative solution using the roots of the equation.

—k++k?—4x2x4

2x2

3{—k+\/k2 —32J2 _{—k—\/kz —32J2 71T
4

Roots are

4 4
- (—k+\/k2 —32)2 —(—k—\/kz —32)2 — 2817

= k2 - 2kk2 32 + k? —32—k? — 2ka/k? =32 —k? +32 = 2817
— —aky/k? =32 = 28\17 = ky/k? =32 = 717

= k?(k?-32) =833 = k* ~32k* ~833=0

= (k*-49)(k* +17)=0=k =-7*

ll\’}/‘
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Part | Mark Notes
@ B1 | For the correct sum in terms of k and the correct product.

Look out for these embedded in their work.

B1 | For the correct algebra on (a —,B)2 =(a +ﬂ)2 —4ap
Substitution not required for this mark, although it can be implied from
correct substitution without the actual algebra seen.
B1 | For the correct algebraon o — 2
Award also for (a + f)(a—f) = @
Substitution not required for this mark, although it can be implied from
correct substitution without the actual algebra seen.
M1 | For substituting in the values of their sum and product into their
a2 _ﬂZ
2
This can be implied from sight of _K [k —4x2 = E
2 2 4
M1 | For forming a 3TQ in terms of k* in any form
Al | For the correct 3TQ
Accept it in any form as long as it is 3 terms.
k* , 833
For example, accept ——2k“———=0 etc
16 16
M1 | For any acceptable attempt seen to solve their 3TQ [see General
Guidance]
If there is no working, just k =—7 following a 3TQ then award MO
However, accept evidence of k* =49 [ with k* =-17 |
Al | For the correct value of k *
cso | Note: This is a given value
(b) B1 | For avalue for the product using their results from (a)
or just writes it down.
M1 | For a correct method to find the value of the sum using their values for
(a—p) and (a+B)
M1 | For forming a 3TQ with their sum and product.
= 0 is not required for the award of this mark
Al | For a correct equation simplified or unsimplified.

For example, accept, x* —( =0 as well as

4x2—2(J17+7)x+7J17=0 0.e.

\/1_7+7jx+7\/1_7
2 4

7
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10(a) | 6x—x° =—(x2—6x)

~(x = 6x) =={(x=3) =9} = £ (x) =~(x=3)"+9 MIAIAL
3
D=-1, E=-3 and F=9 5]
b G f(x) =9 Blft
. Blft
(11) x=3 2]
© | 6x—x’=x"-4x+8=2x"-10x+8=0 Mi
2x° —10x+8=(2x-2)(x—4)=>x=1, x=4 MIAL
y=5 y=8
Coordinates are (1, 5) and (4, 8) Al
[4]
(d) ~ (Yee 2 (Y2 _ [T H.2 _
Area = L (6x X )dx L (x 4x+8)dx—jl[ 2x"+10x 8]dx M1
3 2 4
| —2x +10x gy Ml
3 2 1
_ 3 2 IR 2
=( 2;4 +10;4 —8><4J—( 2;‘1 +10;‘1 —8x1j=9(units2) MIAL
[4]
Total 13 marks
(a)
MI An attempt to factorise to make x° positive e.g. —(xia)2 +b
Al

Complete the square to obtain an expression in the form —(x + 3)2 + g NB Any
expression in this form will score M1A1

Al D=-1, E=-3 and F =9

(b)
BI ft (f (x)maX =)9 or follow through their value for F.

Bl ft (x =) 3 or follow through their value for E.
(c)

Ml Equating the two curves and simplifying to a 3 term quadratic
Ml Solve their 3 term quadratic

Al x=1 x=4

Al (1, 5) and (4, 8)

(d)
Ml b b b

Use of [(f(x)—g(x))dx or [f(x)dx— [g(x)dx Ignore limits

(f(x)and g(x) can be either way round)

Ml Attempt the integration. Limits not needed.
Ml Substitute the correct limits.

Al 9 (units®)
NB A correct answer with no working will score 4 out of 4

.}’;/.
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Question

Number Scheme Marks
2 2
7(a) x2—9x+14=(x—2) +14—§=(x—9j 2 M1
2 4 2 4
a=-2 p=-2 e AL (2)
2 4
. 25
(b) (i) least value of f(x)=—7 B1ft
(ii) least value when x =% B1ft (2)
(c) X+5=x"-9x+14 M1
x> —10x+9=0=(x-9)(x-1)=0 M1
Pointsare (9,14) (1,6) AlAL  (4)
9 9
(d) | Area [((x+5)—(x* ~9x+14))dx = [ (-x* +10x~9) dx M1
X3 ’
={——+5x2 —gx} M1A1
3 1
1 1
=(—243+405—81)—(—§+5—9j=85§ MI1AL (5)
[13]

(@) M1 For attempting to complete the square to achieve as a minimum
2
X’ —9x+14 = (x i%) +14—k where k is a constant
2
Al For the correct expression x* —9x+14 = (x—%) —% or a= —%, b= —% oe stated
b)(i .
(b)) B1ft | For the correct value f(x)=—§ follow through their value of 25,
4 4
(i) B1ft 9 9)?
For the correct value of x = 5 provided they have (x —Ej ...in part (a).
Follow through their value of %

‘l\’}/.
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(c) M1 For equating the equation of the line with the equation of C
X+5=x"-9x+14 = x*-10x+9=0
and attempting to form a 3TQ
M1 | Attempts to solve their 3TQ by any method, provided it is the result of equating the line
with C
x*—10x+9=0=(x—-9)(x-1)=0
Al | For the correct coordinates of either (9,14) or (1,6)
Al For both correct pairs of coordinates (9,14) and (1,6)
(d) M1 For a correct expression for the required area with both limits correct. (ft their limits from
(c)) Award this mark if they have ‘curve — line’ but otherwise correct.
9 2 _ 9 2 9 2
[ ((x+5)=(x* —9x+14))dx = Ul (—x* +10x-9) dx] accept [ (x*~10x+9) dx
OR
Area under the trapezium — curve
1 9, ,
Exsx(6+14)—jl(x ~9x+14) dx
M1 For attempting to integrate the equation for the combined expression or the curve only.
Al For the correct integrated expression for required area. Ignore limits for this mark — even if
they are absent altogether.
X3 ? x? ?
Area= =| ——+5x*-9x | accept |-——5x>+9x
3 1 3 1
OR
3 2 9
Lax(6+14)-| X -2 1ax
2 3 2 X
OR
2 9 3 2 9 3 2 9 2 9
X—+5x - X——9i+14x or X——9i+14x - X—+5x
2 3 2 ) 3 2 (2 )
M1 For substituting their limits (x — coordinates from part(c)) into their integrated expression.
=(—243+405—81)—(—%+5—9j=...
OR
3 2 3 2
80— 9__9X9 +14%x9 |- 1__9><1 +14x1||=...
3 2 3 2
OR
2 2 3 2 3 2
9 vmwo [ L | |- [ £o29 avo | [ Lo 14 ]|=
2 2 3 2 3 2
Al 256

For the correct area of 85% or S

If they get a value of —85%they must give a final value of 85% for this mark.
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Question Scheme Mark
7(a
@ a+ﬂ=—g and aﬁz% B1
a p_ 3
o 14 Bl
a B a’+p (a+p) -2aB
— = —
B a oap af M1
ap (3] (3
p « af q 14
2
2
Sk
2 2
2 2)_P 44 _p +4p+12 37 _ .2 g5 350 dM1A1
q 20 2(-p-4) 14
2

[7p*-9p-36=0 OR 7qg*+65q+112=0]

—(~9)£(~9)° —4x7x(~36)

= _3.q=— M1ALALft
b= 2x7 —P=sam [9]
(b) | o’ =(a-p)(a+p) M1
M1

(a-p) =(a+p) —4ap

N G M;:;l

Total | 13 marks

(@) For the sum and product of roots of the equation f(x) = 0 in terms of pand g

Bl p q
+f=—— and =—
atf== b=

For the sum of roots of the equation g(x) =0
BL |« B__37
p «a 14
For the correct algebra to find the sum of roots of g(x) = 0 ready for substitution of
M1 values. g+ﬁ = a’+p" = (OH’B)Z — 20
a af} aff

.\\\\’{.
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This can be implied by correct substitution of their values for the sum and product.

For the correct value of g+£ in terms of p and g [Simplification not required]
(04
p) (g
Al L B ] e |
g+ﬁ_(a+ﬂ)2—20!ﬁ_[ 2) (ZJ__ﬂ
p «a af q 14
2
For substituting in for either p or for g into the above equation correctly to form a 3TQ
injustporq [fttheir —f—z and their —g and %]. The algebra must be correct here.
M1 (‘5) _Z(ZJ 2_4q p’+4p+12 37
PP R S [7p?-9p-36=0]
q 2q 2(-p-4) 14
2
This mark is dependent on the previous M mark.
Al | Forthecorrect 3TQ 7p*-9p-36=0 OR 7¢°+65q+112=0
For attempting to solve their 3TQ by any valid method
(7p+12)(p-3)=0=p=.. (p=3)
M1 —(=9)+/(-9)’ —4x7x(-36
OR p= (=9) \/( ) allall ):>p:...,...
2x7
Negative value of p not required
Al | For the correct value of p =3 or value of q=—7
For the correct value of p =3 and value of g=—7
Alft | Fton their value of por g
Ignore mislabelling of (i) and (ii) or even no labelling of parts at all.
M1 | For factorising o — 8% =(a— B8)(a + B) correctly
b
(b) For the correct algebraon (a— )" ie. (a-pB) =(a+p) —4ap
M1
Look for this expansion which may be embedded in their working.
For the correct substitution of their sum and product into (o — ) (a + )
M1 3.) 7 3 65 ( 3
- +8)= || =2 —4x|'—=" P U Y g [
(@=h)lerf) \/( 2) ( 2N 2j 4X( 2]
Al

3./65
4

For the correct answer only a” — % =———

7
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The Quadratic Function (2)

Question Scheme Marks
number
3a 8(x2+%xj—3 M1
2 2
8 x+§ —@—3:8 x+§ _39 M1
8 64 8 8
5 49 Al
SoA=8 B=—-— C=-—
8 3)
5
b (i X=—— B1 ft
(1) 3
. 49 B1 ft
f(X) =——
(i) | FOOm == 2
( 5]2 49 3 1 M1 Al
c 8| XxX+-| ——=0=>x=—= x==
8 8 2 4 (2)
d 8x* +10x—3=2x+13=8x*+8x-16=0 oe M1
X +Xx=2=0=(x+2)(x-)=>x=-2, x=1 M1 Al
y=9 y=15 Coordinates are (—2,9) and (1,15) Al
4)
e Correct curve or line Bl
Correct curve and line Bl
(2
Total 13 marks

Part | Mark Notes

(@ | M1 | Forfactorising in the form8(x* +bx)+c or  8(x*+bx+d)

2
M1 | For completing the square in the form 8(x+%bj +e [see GG]

— A=8, 2AB=10, AB*+C=-3
At least two out of three must be correct.

Al |ForA=8 B= g C= —? Accept these listed or embedded.
ALT
. 2 2 2
A1 | Forexpanding [f(x)]=A(x+B) +C=AxX"+ 2ABx+(AB +C)
This must be correct for this mark
Equates coefficients:
AX* +2ABX+(AB’ +C) =8x" +10x -3
M1

Al ForA=8 B:§ C:—@
8 8

7
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b . . -
(b) For X = —g ft their — B Allow differentiation:
(i) B1ft
dy =16x+10=0=x= _L0 which must be correct.
dx 16
.. 49 .
ii =
(i) a1ft | PO T o ft their C
If they differentiate, allow a ft from their differentiation.
Incorrect or no labelling of parts.
If the responses are labelled incorrectly, mark as labelled.
If there is no labelling, treat the first as (i) and the second as (ii) and mark accordingly.
(c) For setting the given f(x) = 0 and solving using any method.
M1 .
See General Guidance.
Al | For x=—E and x=1
2 4
(d) For setting 8x” +10x —3=2x+13 and forming a 3TQ which as a

M1 | minimum must be 8x*+8x+C where C is a constant, or any
simplification, e.g., x°+x+ K where K is a constant.

M1 | For attempting to solve their 3TQ. See General Guidance.

Al For both x=-2, x=1

For (—2,9) and (1,15)

Accept Xx=-2,y=9 and x=1, y=15 paired correctly.

ALT — solves the equation in y

Substitutes X = y—Tlfs into y =8x*+10x—3 and forms a 3TQ which as

Al

M1 | @ minimum must be of the form 2y*-36y+X X =0

2
= y:S(y_TBj +10(V‘Tl3j-3:> 2y? —36y+75=0

M1 | For attempting to solve their 3TQ. See General Guidance.

Al | Forbothy=9andy=15

For (-2,9) and (1,15)

Accept x=—-2,y=9 and x=1, y=15 paired correctly.

(e) For correct curve (intersections with x-axis are at (— 1.5, 0) and

(0.25, 0)) or line (Intersections are (— 6.5, 0) and (0, 13) drawn.

We do not need to see any of these points marked. These are for

guidance only.

B1 | The question asks for a sketch, accept a reasonable attempt.

e Accept a positive quadratic curve with the minimum point
below the x-axis, and one branch either side of the y-axis.

e Accept a straight line with a positive gradient where the
intersection with the y-axis is positive.

B1 | For correct curve and line drawn

Al

yA
SKETCH OF CURVE AND LINE

7
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8(a) k 1 B1
+f=— and =—=
atf=gandaf=—3
2 _ 2 2 2 2 2 M1
(a+p) =a*+2af+ = a’+ B =(a+B) —2ap
a2+ﬂ2=(5 3_2(_E]:k_2+g=k2+6* Al cso
3 3) 9 3 9 [3]
(b) 0[4+ﬂ4=(0{2+ﬂ2)2—20{2ﬂz M1
466 (K*+6 2_2(_1j2 M1
81 9 3
2 2 2
466 _[k7+6 —2(—% — k* +12k? — 448 =0 M1
81 9 3
k*+12k* ~448 = (k* -16)(k* +28) = 0= k* =16 = k = 4 M1Al
[5]
c 3 3 4 4
© gy @HB, B ra_a'+p+20p "
B a afp
466 1
3 3 - T2 5
a+p p+a_ 81 (3) 412
+ = =- Al
p a 1 27
3
3
Product: aA+p\ f+a :a4+ﬁ4+(aﬂ) +af ML
B a af
466 (1) (1
C+p)p+a) 81\ 3 3) 436 Al
)i a (_1j 27
3
3TQ: x2+4—12x—4—36=0:>27x2+412x—436=0 M1A1
21 27 6]

Total 14 marks

8(a) _k 1
0{+ﬂ—§ and O!ﬂ——g B1
For the correct algebra on o + % =(a + ﬂ)2 —2ap3 M1
For substituting their sum and their product to give a
simplified expression for
kY 1) k2 2 k%+6 Al cso
2—|— 2: —_ —2 —_ =t —= *
aﬂ('a’) (3j939 [3]

‘Q\’}/.
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The Quadratic Function (2)

(b)

2
For the correct algebra on a* + B* = (az +ﬂ2) —2a%p?

Or
a*+ p* = (a + p)* — 4aB(a? + %) — 6a?p?

M1

For substituting the values for a® + 8° (in terms of k) and af

into their * + 8* and equating to 48_616

466 _(K*+6 2(1)
81 9 3

Or for substituting the values for a? + 2 (in terms of k), a +

B and ap into their a* + p* and equating to ‘;if

M1

For forming a simplified quadratic.

2 2 2
466—[k +6J —2(—%) = k“+12k?—448=0

8 (9
k2+6)2 _ 448

9

Or for ( =
81
Their quadratic must come from an attempt at a* + §*

M1

For solving their quadratic.
k*+12k* ~448 = (k* -16)(k* +28) = 0=k’ =16 = k = 4

Their quadratic must come from an attempt at a* + §*

M1

For the correct value of k = 4
If they give k =+4 this is A0

Al
[5]

(©)

For the correct algebra on the sum.
a3+,6’+,6’3+a _a'+pi+2ap

B a afs

M1

For the correct value of the sum.

466 1
3 3 = T2 =%
a’+f fra_ 81 ( 3)_ 412

B P 1 27

3

Al

For the correct algebra on the product.
a+p\fra)_a'+p +(ap) +ap
Iz a ) afs

M1

For the correct value of the product.

(a3+ﬂj(ﬂ3+aj_?16{_;)3{_113}_ 436

B a B

G

Al

For the 3TQ from their values of the sum and product (used
correctly) [= 0 not required for this mark].

M1

7
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. M2, 86

X _ Y

27 27

For the correct 3TQ. Must have = 0.
27x* +412x-436=0

Must have integer coefficients. Accept a multiple of this.

Al
[6]

Total 14 marks

INZ)
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Question Scheme Marks
11@) | f(x)=10+6x-x"=—(x*~6x)+10= A=~-1 B1
f(x):-[(x-s)z-9}+1oz-(x-3)2+19 M1
B=-3, C=19 AlAl
[4]
(b) (i) x=3 B1ft
(II) f (X) greatest = 19 B1ft
[2]
(c) X2 —x+13=10+6x—x*> = 2x* —=7x+3=0 M1
= (2x-1)(x-3)=0= x=1, 3 M1AL
2 3
@ [3]
A= Ij(10+6x— x2) dx—J’_f(x2 - x+13) dx = [J"f'—Zﬁ +7x-3 dx} M1
2 2 2
2% TX
A=| —+—-3Xx
3 2 L M1A1
2
i 3 2 3 2
Ao _2x3 +7><3 _a3x3 |- ~2x05 +7><0.5 3405 M1
i 3 2 3 2
125
A=—
24 Al
[5]
Total 14 marks
Part | Mark | Notes
(@) B1 | For factorising — 1 and finding A=-1
M1 | For an attempt to complete the square — (See general guidance)
Al | For either B=-3 or C =19
a1 | Forboth B=-3 and C=19
Accept all values embedded.
NB: Correct values following no working — Award full marks in this part.
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(b)() x=3
pif |fttherB o .
You may see differentiation to find a maximum x. Allow a correct value of x here
even if it does not follow from their working.
(b)(ii) f(x)=19
ft their C
B1ft | You may see differentiation to find a maximum x. Allow a correct value of f(x)
here even if it does not follow from their working.
Allowy = 19.
(©) M1 | Sets the equation of curve C equal to the equation of curve S and forms a 3TQ
Attempts to solve their 3TQ using any correct method to find two values of x
M1
If their 3TQ is incorrect and no working is seen to solve it, withhold this mark.
Al | Forboth x= % 3 correct Accept coordinates — ignore y values.
NB: Both correct values following no working — Award full marks in this part.
(d) For a correct statement with their values of x in the correct position of the intent to

integrate the two expressions and subtract the result, or to integrate  2x*> —7x+3
Ft their limits for this mark, the correct way around, but allow recovery at a later

M1
stage.
If they deal with the two expressions separately, look for subtraction at the end of
their solution.
For an attempt to integrate their combined expression or two separate expressions.
They must achieve as a minimum
M1 | £Px*+Qx*£RX for their integration whether they integrate two expressions
separately (each) or one combined expression.
Ignore limits for this mark.
For the correct integrated expression(s)— ignore limits for this mark
3 2
Al Allow 2%— X + 3%
For substituting their limits into their integrated expression and subtracting the
results of lower limit from upper limit.
Note carefully:
If they have the correct limits and correct integration allow this mark if the correct
M1 125
area is obtained without seeing explicit substitution. (iﬂ’ i5.208..-)
If their limits are incorrect or the integration is incorrect or the final area is
incorrect then explicit substitution must be seen for the award of this mark.
125
Al

For the correct area A= z oe

7
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?\lﬂﬁggp Scheme Marks
10a) | a+f=-3 af=-5 Bl
(i) o+ =(a+p) —2aB, =19 M1,Al
i) |a'+p'=(a’+) ~2a°F, =19’ -50=311 M1,A1(5)
OR: o'+ B* =(a+p) —4ap(a’ + B*)-6a’ B>, =19°-50=311
(a—p) =a®~2af+p*=19+10 OR
(b) , . M1
(a—pB) =(a+pB) —4ap =9—-(-20)
a— \/_ Alcso (2)
© |a =( ~f)a*+ ) =(a—p)(a+p) (e +57) MIAIAL (3)
@ | -p= (3)x19——57f( 94221) MIAL  (2)
© |28 =a‘+p-(a- ) M1
B = (311 57J_) 57J_ ALAL  (3)
311 57
= —_— = — 1
P== 9= [15]
4
—3-4/29
ALT ﬂ4=[T\/_} and use a correct binomial expansion M1A1l
Correct final answer Al

(a)B1 Correct sum and product of roots, seen explicitly or used (in (a)). Must be clear that sum
1s negative

(iyM1 Correct algebra, ready for substitution of sum and product
Al Correct answer, condone use of @+ =3,

(ii))M1 | Correct algebra, ready for substitution
Al Correct answer, condone use of @+ =3,

(b)M1 | Correct algebra and substitution of their values
Alcso | Correct answer from correct working. Must have seen sum = -3 here if not shown in (a)

(c)
M1 Factorise to 2 quadratic brackets or 2 linear and one quadratic bracket
Al Obtain 2 linear and 1 quadratic brackets with 2 of the 3 brackets correct

Al Third correct bracket Accept (052 + ﬂ2) or ((05 + ﬁ)z - 20!ﬂ)
(dM1 Substitute their values for each of the 3 brackets obtained in (c)

Al Correct answer as shown or equivalent exact value
(e)
M1 Correct expression for 2/ tor gt
A1ft Substitute their numbers to obtain a numerical expression for B The expression must be

exact but need not be simplified
NB A correct numerical expression for their values implies M 1
Al Correct answer in the required form. p and ¢ need not be shown explicitly.

7
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Question Scheme Marks
number
10 (a
@ 3—9(ix+x2j or —9[—1+£X+X2j
9 3 9
2 2
3-9 (x+gj _4 or -9 (x+g) _ 41
9 81 9 81 3
M1
2 2
or -1 |:9(X+EJ —§—3:| or 3+(1){—9(x+3) +§}
9 81 9 81
, Al Al
ﬂ-—9(X+gj A=§ B=9 C=z oe Al
9 9 9 9 [4]
(b) .31 B1ft
9 [1]
(c) __4 __3 oe Bl
o+ ﬂ = 9 aﬂ = 9
3¢ 3p( 3(c*+p) 3((a + ) —Zaﬁ) M1
—+—| = =
g « af af
2
3{( _4--j _2(--_3--]} Alft
9 9 70
= %
9
Bl
5
f «
X2+ 0 x+"9"(=0) M1
Alcso
9x® +70x+81=0 [6]
(d) ((x +y)° :)x3 +3xX°y +3xy’ +y? =x° + y? +3xy(x+Y) Bl[’;(]:so
(e) (@ -p+p-a=)
70 M1
(a+pB) —2aB—(a+p) ((a+ﬂ)2: (a+ B) —2ap :aj
SREACG
9 9 9 81
candidates may also transfer a value for o + B> from working in part (c)
(@ =PSB ~a)=a’p* - p* ~a’ +ap]
= (@p) +afi—(@ + ) or (af) +af-o’ - M1
[(a + ) =a®+3a’B+3af’ + B2 =’ + B +3af(a +ﬁ)}
— (@B)’ +af—(a+ Y +3af(a-+ B) or () +af-((e+ )} -3apla + ) M1
L3 T )
I e B I ] IRl | I | [ —
9 9 9 9 9 729
06, a0 L2261
81 3 729 3 dddM1
_ 1% and r= 226
=% ~ 243 Al
[6]
Total 18 marks

7
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Part | Mark Additional Guidance
@ M1

2
For a method to complete the square to achieve as a minimum 3i9|:(xi§j + p} or

i{(xigjziq} or il{g(xigjzir} or 3i(1){—9(xizj2+s}
9 9 9

where p, g r or s are constants > 0.

Al For one of A, B or C correct.

Al For two of A, B or C correct.

Al For all of A, B or C correct

For all accuracy marks, A, B and C may be either explicitly stated or embedded and if embedded
correctly then stated incorrectly, we may isw.

Correct A, B and C will imply 4 marks.

1 or 2 values correct, will need M1 to be gained first.

ALT M1 For an attempt to expand A—B(x+ C)2 AND equate coefficients to the given
f (x)= A—Bx* —2BCx—BC? =3—4x—9x*
Allow A+Bx®+2BCx+BC? for the expansion of A—B(x+C)’
Must be an attempt to correctly equate at least one coefficient using their expansion. Eg
-B=-9=B=...
—2BC=-4=C-=..
A-BC’=3=A=...
A1AlAl | As main scheme.
(b) Bift For their % Note, strict ‘hence’ question, if % is written with incorrect work in (a), BO.
It is the candidate’s final answer in part (a) which will be used to mark part (b)
ft must be from A—B(x+ C)2
If % is written with no work in (a), award the mark.
(c) Bl Correct values for a + f# and «af . Award if and look for values not seen explicitly but

embedded in the sum/product calculations for the new equation.

M1 Reaches a correct expression ready for substitution of their values of o+ and af

Alft | Correctly substitutes their values for @ + £ and «af into a correct expression for the sum of
roots. Simplification is not necessary.

Bl For 9

M1 | Use x* —(theirsum of their roots)x +their product of roots “= 0 may be missing.

This mark is not dependent and may be awarded for a clear substitution of anything we can see
is their product and sum of roots.

Alcso | For the given equation oe with integer coefficients. Must have = 0.

. . . . 4
Note. It is possible to get the correct equation from using a + S = +§

This will always achieve final A0 as it’s a correct equation from incorrect working.

R
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(d)

Bl*cso | Complete and full algebra to show the given identity.

Minimum steps as shown in MS, no errors or omissions. Extra steps checked.

For this question, where students have chosen to do full expansion of brackets, we will allow
them to recover brackets if following work is correct.

(€)

Look carefully for students transferring their work in (c) on o + % = (a + ﬂ)z —2af3 as this can get the

first 2 marks in (e), implied M1, A1ft. This work must be correct for their original sum and product of roots
and must be shown. Examiners are not expected to check work if their substitution isn’t shown.

M1 Reaches a correct expression ready for substitution of their values of « + g and of

Alft | Correctly substitutes their values for + # and af into a correct expression for sum of roots.

M1 For the correct expression shown. Any equivalent, ready for substitution of of

M1 For the correct expression shown. Any equiv ready for sub of ¢f and a + £ For this mark and

the previous M mark, we’re looking for expressions preparing for substitution of candidates’
values. You may see completion of this work in stages, eg when the values are subbed in later.

Eg, youmay see a’f*+af— (o + )= a’B> +af —(a+ p)° +3af(a + f) then

(3 (2 (] a3 whichis 2, (g i impied

dddM1 . . .
For equating their sum of roots to —% or their product of roots to % . Dep on all method marks.

This mark may sometimes be implied by a correct p or q

Al For both correct values for g and r

In general, A marks (or M marks) cannot come from incorrect working (though a correct
method followed by incorrect simplification can usually go on to gain M marks).

In this question, you are looking for any of the forms given in the notes, at any point (and
disregarding incorrect work around it) to award M1.

Only when this is awarded, you may award following A marks. The exception being a fully
correct answer may be awarded 4 marks without M1 being present.

R
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