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QUESTIONS

31 questions - 166 marks - 2 sub-topics

SUB-TOPIC Cla

DIFFERENTIATION

Sub-topic Cla - 10 questions - 53 marks - lowest tariff first




ANSWER >

( )

23 Curve C has equation y = px* — mx where p and m are positive integers.

Find the range of values of x, in terms of p and m, for which the gradient of C is negative.
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(Total for Question 23 is 4 marks)
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ANSWER >

45> —8x+5

16 A curve has equation y

— | N

Find the x coordinates of the two points on the curve where the gradient is

(Total for Question 16 is 4 marks)
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ANSWER >

. 1
12 The curve C has equation y = §x3 -9x+1

.o dy
a) Find =
(a) i

&l

(2)

(b) Find the range of values of x for which C has a negative gradient.

(&)

(Total for Question 12 is 5 marks)
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ANSWER >

7

23 G is the point on the curve with equation y = 8x* — 14x — 6 where the gradient is 10
The straight line Q passes through the point G and is perpendicular to the tangent at G

Find an equation for Q
Give your answer in the form ax + by + ¢ = 0 where a, b and c are integers.

(Total for Question 23 is 5 marks)
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ANSWER >

7

18 A curve C has equation y =x’ —40x + 1

Find the coordinates of both the points on C at which the gradient is 8

(Total for Question 18 is 5 marks)
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ANSWER >

s N
17 y=x>-2x>—15x+5
d :
(2) Find = .
dx -
b _ :
dx PP RR T OPPPPPPRRRIY
C is the curve with equation y = x3 — 2x* - 15x + 5
(b) Work out the range of values of x for which C has a negative gradient.
4) §
(Total for Question 17 is 6 marks)
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ANSWER >

= N
| 13 The curve C has equation y = 5x> —x>— 6x + 4
= dy
% Find —
i (a) Fin dx
/ dy
5 e
oo dx
! (2)
/ There are two points on the curve C at which the gradient of the curve is 2
(b) Find the x coordinate of each of these two points.
%

Show clear algebraic working.
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(Total for Question 13 is 6 marks)
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ANSWER >

( )

24 The curve C has equation y = ax® + bx” — 12x + 6 where a and b are constants.

The point 4 with coordinates (2, —6) lies on C
The gradient of the curve at 4 is 16

Find the y coordinate of the point on the curve whose x coordinate is 3
Show clear algebraic working.

(Total for Question 24 is 6 marks)

TOTAL FOR PAPER IS 100 MARKS
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ANSWER >

4%° + x* — 20x

11 The curve C has equation y

dy
dx

(a) Find

2

Show clear algebraic working.

(C))

(Total for Question 11 is 6 marks)
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ANSWER >

( )

21 The curve T has equation y =x*—2x* - 9x + 15

. dy
Find —
(a) Fin &

(b) Find the range of values of x for which T has a positive gradient.
Give your values correct to 3 significant figures.
Show your working clearly.

(Total for Question 21 is 6 marks)
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SUB-TOPIC C1b

TURNING POINTS & KINEMATICS

Sub-topic C1b - 21 questions - 113 marks - lowest tariff first
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ANSWER >

~ N\ &

R

24 A particle P is moving along a straight line that passes through the fixed point O.
The displacement, s metres, of P from O at time ¢ seconds is given by

s=r—-6r+5t—-4

Find the value of ¢ for which the acceleration of P is 3 m/s?

(Total for Question 24 is 4 marks)

TOTAL FOR PAPER IS 100 MARKS
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ANSWER >

7

18 A particle is moving along a straight line that passes through the fixed point O
The displacement, s metres, of the particle from O at time ¢ seconds is given by

s=2 =5 +61-5

Find the value of # when the acceleration of the particle is 5 m/s?
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(Total for Question 18 is 4 marks)
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ANSWER >

2x* — 64x has a minimum point.

20 The curve with equation y

Find an equation of the tangent to the curve at the minimum point.

Show clear algebraic working.

(Total for Question 20 is 4 marks)
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ANSWER >

4 \ ™
16 A particle P is moving along a straight line.
The fixed point O lies on this line.
At time ¢ seconds, the displacement, s metres, of P from O is given by
s =4 — 61> + 5t
At time ¢ seconds, the velocity of P is vm/s.
(a) Find an expression for v in terms of .
V= e
(2)
(b) Find the time at which the acceleration of the particle is 6 m/s?
....................................................... seconds
3)
(Total for Question 16 is S marks)
. J

Q\?ﬂ
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ANSWER >

e )

| 18 The diagram shows a solid cuboid.

Diagram NOT
accurately drawn

(12 —3x)cm

xcm

%3 The total surface area of the cuboid is 4 cm?

5 Find the maximum value of 4.
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(Total for Question 18 is 5 marks)
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ANSWER >

( )

20 A particle P is moving along a straight line.
The fixed point O lies on the line.

At time ¢ seconds (¢ > 0), the displacement of P from O is s metres where
s=0 -9 +33t-6

Find the minimum speed of P.

(Total for Question 20 is S marks)
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ANSWER >

( )

19 A particle P is moving along a straight line.
The fixed point O lies on this line.

At time ¢ seconds where ¢ > 0, the displacement, s metres, of P from O is given by
s=r+52-8t+10

Find the displacement of P from O when P is instantaneously at rest.

. . a .
Give your answer in the form 5 where a and b are integers.

(Total for Question 19 is 5 marks)
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ANSWER >

. . . . . . 16
21 The point 4 is the only stationary point on the curve with equation y = kx* + —
where k is a constant. *

. . 2
Given that the coordinates of 4 are 3 a

find the value of a.
Show your working clearly.
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(Total for Question 21 is 5 marks)
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ANSWER >

( )

24 A particle P moves along a straight line that passes through the fixed point O

The displacement, x metres, of P from O at time ¢ seconds, where ¢ > 0, is given by
x=4r =27t +8

The direction of motion of P reverses when P is at the point 4 on the line.
The acceleration of P at the instant when P is at 4 is a m/s?

Find the value of a

(Total for Question 24 is 5 marks)
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ANSWER >

( )

17 A particle P moves along a straight line.
The fixed point O lies on this line.

The displacement of P from O at time ¢ seconds, ¢ > 1, is s metres where

125
s=4> + T

The velocity of P at time ¢ seconds, ¢ > 1, is vim/s

Work out the distance of P from O at the instant when v =0

(Total for Question 17 is S marks)
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ANSWER >

7

20 The radius of a right circular cylinder is x cm.

The height of the cylinder is 800 _ X |cm.
X

The volume of the cylinder is Vcm’

Find the maximum value of V'
Give your answer correct to the nearest whole number.
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ANSWER >

(Total for Question 20 is 5 marks)

Turn over for Question 21

INZ]
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ANSWER >

( )

19 A curve C has equation y=x’ —8x* —12x+5

250K

Curve C has exactly two stationary points, one at point 4 and one at point B such that

255

000000 % %%

x coordinate of point 4 > x coordinate of point B

5

Find the coordinates of point 4
Show clear algebraic working.

S SIRRILRILK

e

X ERKIKRHXIKRXX KK

SRR LRR LR LLRLRRLRRLRRLRRRRK

055030
SRXRK

SRR

QLRI

B

=
ILRLGLRLLRLR:

IEREL

oo

000000000 %0 %0 00 00 0000 0 % % %%

00000000000 %0 %0 00000000 e % % e %ot

255

<
o5
o5
%
o
o%
QR
%
o
o%
QR
%
o
QR
o5
%
o
o%
o5
%
o
o%
%
<
o%
QR
%
%
o5
o5
o5
o5
o5
o5
o5
o
o5
o5
o5
o
o5
o
o5
o
o5
o5
o5
o
o
o5
o5
o

293583
SRRRRLKKS

X EEKIH R R RRRRARN
I IRRIRRKK

o’

X X KKKX
SR

( ; )
(Total for Question 19 is 5 marks)
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ANSWER >

7

20 (a) Express 2x?—11x + 9 in the form a(x — b)> — ¢ where a, b and ¢ are numbers to
be found.

o%
XL

255

~
[98)
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The curve C has equation y = 2(x —3)> —11(x —=3) +9
The point P is the minimum point on C

(b) Find the coordinates of P

()
(Total for Question 20 is 5 marks)
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ANSWER >

7

22 The diagram shows a solid cuboid.

Diagram NOT
accurately drawn

=

e X cm
(15—-4x)cm

The volume of the cuboid is ¥ cm?

Find the maximum value of V'
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(Total for Question 22 is 5 marks)
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ANSWER >

19 The curve shown in the diagram has equation
y =x>— 27x + k where k is a positive constant with k < 54

The curve has a maximum point at 4 (a, b)
The curve has a minimum point at B (¢, d)

y A
A (a, b)

Diagram NOT
accurately drawn

B (c, d)

Using differentiation, find the value of b — d
Show your working clearly.

(Total for Question 19 is 6 marks)
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ANSWER >

( )

23 A particle moves along a straight line.
The fixed point O lies on this line.
The displacement of the particle from O at time 7 seconds, ¢ > 0, is s metres where

s=r+4r =5t +7

At time T seconds the velocity of P is ' m/s where V > —5

Find an expression for 7 in terms of V.

4+ Nk +mV
3

Give your expression in the form where k and m are integers to be found.

(Total for Question 23 is 6 marks)

TOTAL FOR PAPER IS 100 MARKS
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ANSWER >

( )

23 Two particles, P and O, move along a straight line.
The fixed point O lies on this line.

The displacement of P from O at time ¢ seconds is s metres, where
s=t3—4t*+5¢ fort>1

The displacement of Q from O at time ¢ seconds is x metres, where
x=t>—4t+4 fort>1

Find the range of values of # where ¢ > 1 for which both particles are moving in the
same direction along the straight line.

Q\?ﬂ
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ANSWER >

(Total for Question 23 is 6 marks)

Turn over for Question 24

INZ]
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ANSWER >

7

17 y=4x"+5x>+2x

. o dy
a) Find —
(a) ™

dx @)

(b) Find the coordinates of the turning points on the graph with
equation y =4x’ +5x” +2x
Show clear algebraic working.
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(Total for Question 17 is 6 marks)
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ANSWER >

e ) n
13 A curve C has equation y=x*>—x>—8x + 12
. dy
a) Find —
(a) ™
Y _
e
(2)
The curve C has two turning points.
(b) Work out the x coordinates of the two turning points.
Show your working clearly.
3)
(c) Show that the x-axis is a tangent to the curve C.
(2)
(Total for Question 13 is 7 marks)
. J
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ANSWER >

22 The diagram shows a sketch of part of the curve with equation y = x* — P yhere pisa
X

positive constant.

VA

Diagram NOT
accurately drawn

=V

For all values of p, the curve has exactly one turning point and this turning point is a
minimum shown as the point 7 in the sketch.

For the curve where the x coordinate of 7'is —3

(a) find the value of p

Q\?ﬂ
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ANSWER >

. . . . . . 16
The line with equation y = k is a tangent to the curve with equation y = x> — —
X

(b) Find the value of £

(Total for Question 22 is 7 marks)

Turn over for Question 23
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ANSWER >

( )
15
i Diagram NOT
! accurately drawn
E (x+ 1em
(3 — x)cm
(2x + 5)cm
The diagram shows a cuboid of volume Vem?
(a) Show that V=15 + 16x — x* — 2x3
3)
. J

Q\?ﬂ
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ANSWER >

There is a value of x for which the volume of the cuboid is a maximum.

3 (b) Find this value of x.
S Show your working clearly.
Give your answer correct to 3 significant figures.

(Total for Question 15 is 8 marks)
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MARK SCHEMES

official mark schemes, in the same order as the questions
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22 7 oo B1  for correct gradient which may
y= _EX(+10) or (gradient =) o be seen in an equation.
Condone —%x
LT 1 2, M1  ft their gradient for use of
_Em__ or(m—); myxmz=-1
M1 M1
—11='g'x6+c or y——11='g'(x—6) oe ft.dep on
7 7
0, _8 Al accept | 0, —12§ must be
7 7
exact values
Total 4 marks
24
23 (dl =J3PX2—m M1 for 3px*or -m
dx
3px’-m<0oe M1 ft dep on M1 for setting up an
inequality with their '3px*'='m'
must be a two-term expression in
the form apx®+m
m B1 for both critical values
3p
m m Al  may be seen as two separate
“\3p <X< 3 inequalities

Total 4 marks

£
40

< QUESTION




15 3nx—4x=3p+n M1 for removing the denominator and
expanding in a correct equation
3nx—n=3p+4xor MIft for gathering terms in n on one side
and other terms the other side in an
—A4x-3p=n-3nx equation
ft their equation dep on 2 terms in 7 and 2
other terms
Working not required, so correct answer 3p+4x —3p—4x w
scores full marks (unless from obvious n= EVTE Aloe n =1_—oe (must see “n =...
incorrect working) on answer line or in working)
Total 3 marks
16 [d_y=)3x4xz_8(= 124 -8) B2 for 3 x 4x? — 8 or 12x* — 8 (with no
dx other terms)
(B1 for one term, ie 3 x 4x? or 12x? or —8)
w2 on_ 1 M1 for equating their initial derivative
12x°-8"= 3 with the given gradient.
Derivative must be a quadratic
(dep on B1)
Working not required, so correct answer . 5 Aloe Ignore y values
scores full marks (unless from obvious 6

incorrect working)

25
Allow +0.83(333...) or i\/; oe

Total 4 marks

£
41

< QUESTION




< QUESTION

2@ axlx -9 M1 for3x1x2 0e or -9 0e
3 3
x* -9 oe 2 Al orfor1x*-9 oe
(b) -3<x<3 o0e 3 B3 may be seen as two separate inequalities

if not B3 then award B2 for
x<3

or x>-3

or-3<x<3

if not B2 then award B1 for

x*-9<0 or x* <9 oe

or for (x—3)(x+3)

or for (x =) +3 (values maybe seen in
incorrect inequalities)

SC: If no marks awarded and M1 awarded
in (a) then award B1 for “quadratic” < 0

Q\?ﬂ
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< QUESTION

23 dy 5 M1 Differentiation to obtain 2 terms
o 16x-14 with at least 1 correct
16x—14=10 M1 their dy/dx = 10 dep on M1
(1.5,-9)orx=1.5,y=-9 Al coordinates of point on curve at

which gradient is 10 — allow given
as coordinates or as x worked out
and y worked out if meaning is
clear

M1 A correct method to find the
equation for line Q using (1.5, -9)

1. 3
eg y—-9=—-—(x—=) oe or
gy 1o(x 2)

eg —9-—1.154c0e
10

Correct answer scores full marks (unless 2x+20y +177=0 Al oe where a, b, c are integers eg
from obvious incorrect working) 10x + 100y + 885 =0
Total 5 marks

£
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< QUESTION

18 3x% or —40 5 M1 for differentiating one of the first two
terms correctly
3x*-40 ALl for both terms correct and no
additions
“3x2-407=8 M1ft dep on M1 for equating their

quadratic derivative with 8

(Derivative must be in the form

ax? — 40 or 3x2— b where a # 0 and

b #0)

(y=)"4"-40x"4"+1(=-95) or MZ1ft dep on previous M1for substituting
y = ("= 4" —40x"-4"+1 (= 97) at least one x value into y

NB Following through from ax? — 40 = 8
or 3x2 — b = 8, their x values must be

correct
Working not required, so correct answer scores full | (4, -95), (-4, 97) A1l both coordinates must be paired
marks (unless from obvious incorrect working) correctly

Total 5 marks

£%A
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< QUESTION

17 (a) 3x%—4x-15 2 B2 Award B1 for any 2 or 3 of the 4 terms
differentiated correctly.
(b) 3x2 — 4x - 15 < 0 (or = 0) 4 M1 ft from (a) ie “their (a)” = 0 (or < 0)
(3x + 5)(x - 3)( < 0) or M1  ft from “their (a)” (=0) for 3 term

quadratic, for correct factorisation or

{ 2 correct use of quadratic formula to find
—(EAEN(A) -4x3x(-15) the two critical values, allow 1 sign
2x3 error. [—(—4) could be 4 and (-4)2
could be 42](condone missing
brackets)
5 M1  Both critical values correct

Accept -1.66... rounded or truncated to

3 3SF.
Aloe Inequality signs needed

5
——<x<3 5
3 Allow x>—§,x<3

Total 6 marks




< QUESTION

13 (a) 15 —2x—6 2 B2  for correct differentiation
(B1  for 2 of 15x?, —2X, —6 correct)
(b) e.g. “15x2 —2x— 6" =2 0e 4 M1  ft, for equating their dy/dx to 2
15x2 —2x -8 (= 0) M1  (dep on M1) ft their three-term quadratic
e.g. (Bx+2)(5x—4) (=0) M1  for solving their quadratic equation using any
correct method - if factorising, allow brackets
24 (7(_2)2 Z(4x15x-8) which expanded give 2 out of 3 terms correct
X= T (if using formula or completing the square
X allow one sign error and some simplification
+4/
—allow as far as e.g. % 0e)
2 4 Al oe, dep on M2 (allow —0.66 or better),
3'5 Both values — isw any attempt to find y
coordinates
Total 6 marks

£
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< QUESTION

24 eg—6=8a+4b-24+6o0r8a+4b=120e 6 M1  for substituting x = 2 and y = —6 into the
equation for C
TOY _T3ax2 4 2bx —12 oe M1 at least 2 terms correct
Lox )
eg 16 = 12a + 4b — 12 or 12a + 4b = 28 oe M1ft (dep on previous M1)
follow through their %Y
dx
a=4andb=-5 M1 fora=4andb=-5
eg “4”x P+ “-5"x32-12x3+6 M1ft  correctly substituting their a, their b and

x = 3 into the equation for C

33 Al  (dep on M3)allow (3, 33)

Total 6 marks

£
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< QUESTION

11 (a 2 M1 for at least 2 of 12x?, 2x, —20
12x2+2x — 20 Al
(b) 12x2 + 2x — 20 = 4 oe 4 M1 ft, for equating their dy/dx to 4
12x2 + 2x — 24 (= 0) or 6x2 + x— 12 (= 0) M1 (dep on M1) ft their dy/dx in the
form ax? + bx (+ c)
eg (6x —8)(2x +3) (= 0) M1 for solving their three-term quadratic
or (3x—4)(2x+3) (=0) equation using any correct method - if
or factorising, allow brackets which expanded

~ o4 ((2)2 ~(4x12x—-24) give 2 out of 3 terms correct (if using

X= formula or completing the square allow one
2x12 sign error and some simplification — allow
as far as eg T2£44+1152 ‘;:1152 oe)
Working required Al
greq g —g (dep on M2) oe, allow 1.33(3...) for g ,
both values — isw any attempt to find y
coordinates
Total 6 marks
12 (a 28 1 Bl allow 27.5 —28.5
(b) 14 1 Bl cao
(c) 2 M1 for areading of 38 from vertical axis
or 50 — (their reading from a height of 35)
Correct answer scores full marks (unless from 12 Al cao
obvious incorrect working)
Total 4 marks

[
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< QUESTION

21 (a) 3x2 or —2x2x or —4x or =9 oe 2 M1 for differentiating one term
correctly
3x2 —4x—9 Al for a correct expression
Allow 3x* —2x2x-9
—4) _(4x3x—9) 4 M1 for finding the critical values for a
3-term quadratic using any correct
2x3 method - if using formula or
2\ (2Y completing the square allow one
or 3 X_g 3 -9=0) sign error and some simplification
4++16+108
6

b
(b) (x:)4i (

—allow as far as eg

oe
2¥ 1

oreg 3| x—=| —10= oe

g ( 3j 3 )

-1.19 and 2.52 Al for critical values

of —1.19 and 2.52 or better
(for this A1 mark allow
-1.20r -1.18and 2.5

or ZiT‘/ﬁ oe)

x<-1.19 Al awrt-1.19

x> 2.52 Al awrt2.52

Total 6 marks

£
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< QUESTION

23 (10+2,7+19) or (6,13) 5 M1
2 2
19-7( 12 M1
——|=—/|oeor1.50e
10-2\ 8

3 2 M1 for use of mm, =-1
m><5=—1 oe or m=—§

“13"="—§"x “6"+c or c=17 M1 Or for y=—§x+17

oe or y—"13"="—§"(x—"6") [NB: “13", “6” and "—% “must come

from correct working]
3y +2x=51 A1 for 3y+2x=51 or3y=-2x+51etc but
must be integer coefficients

Total 5 marks

24 (v=)3t2-6x%x2t+5(+0) 4 M1 for differentiating at least 2

terms correctly

(a=) 3x2t-12 M1 depft

6t-12=3 M1  dep on at least M1 for equating
their acceleration in terms of t
to 3

2.5 0e Al
Total 4 marks

£
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< QUESTION

Q19

Frequency density

[~
o}

4
3
2
1
0 10 20 30 40 50
Height (h metres)
.§'/.
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< QUESTION

022

y
3
2
1
0
60 120 180 240 300 360 x
-1
-2
-3
£
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< QUESTION

4 M1  atleast 2 terms correct

18

ds
— =) 6 =10t +6
(dt )

MIft ft from a 3 term quadratic

dv
—=)12¢-10
(dt )

MIft ft dep on previous M1 awarded

“12¢t-10"=35

Aloe

Working not required, so correct answer
scores full marks (unless from obvious
incorrect working)

Total 4 marks

A
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< QUESTION

20 4x2x%or 8x°or 64 4 | M1 for differentiating one term
correctly
8x*—64=00e M1 dep on M1

The equation must be in the form
ax® —64 = 00e where a# 0 or
8x*+b=00ewhere b #0
where a and b are constants

64 M1 dep on previous M1 for solving
x=3—(=2) for x.
The equation must be in the form
ax® —64 =00e where a# 0 or
8x*+b=00ewhere b #0
where a and b are constants
Working required y =-96 Aloeegy+96=0o0ry=0x-96
or-y =96

dep on M3 must be an equation in
terms of y

Do not accept —96 or (2, -96)
Total 4 marks

£%A
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< QUESTION

15 (Gradient of L1=) 6 + 2 (=3) 4 M1 could be seen as part of an
equation. Ignore constant term if
candidate rearranges L
. 1 M1 for use of mm, = -1
mx*“3"=-1Tor M=———:
ngn could be seen as part of an
equation
—1="—%"><9+C ory—-1= "—%"(X—Q) orc=2 M1
1 Al oeinrequired form eg 3y + x =6,
y+3x-2 6y +2x =12 etc
Total 4 marks
2
16 () 3x4t° -2x6t+5 M1 For 2 terms correct
12t —12t+5 Al Fully correct
b) 24t -12 M1 Method to differentiate their v, fta 3
term quadratic expression from (a)
“oat 12" =6 M1 ftif previous M1 awarded
075 Al oe
Total 5 marks

£
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< QUESTION

18 x? oe M1 for finding an expression for the area of one face

or

Xx(12 - 3x) oe

X2+ X2 + 48x - 12x° (= 48x - 10x?) M1 for a complete expression for A (6 sides) with brackets
expanded

‘48 -20x' =0 ~10T(x - 2.4 - M1 for differentiating a correct expression for A (allow 1 error)

2.4% oe and equating to zero

or

completing the square

(x=24) =10'x - 2.4% or M1 ft if previous M1 awarded

48x2.4-10x | '=10'x -'5.76'

.47 for isolating x and substituting into A
or

finding max value of A from completing the square

57.6 5 A1 accept 58 from correct working

Total 5 marks

£
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20

(V=)32-9x2t+33

M1

for differentiating at least 2
terms correctly

(a=)3x2t— 18

or

222

(v=)3[ (t-3)" ~(3)"|(+33)or
(v=)3[ (t-3)' ~(3)"(+11)]

M1

dep ft must be a two term
linear equation
or

for the use of (t =)_2£a

or
for a correct first step for
completing the square on at
least a two term quadratic

6t—18=00rt=3

(v=)3[ (t-3)'~(3)" | +330r
(v=)3[ (t-3)° ~(3)" +11]

M1

dep on at least M2 for equating
their acceleration to 0

or

for a correct method for
completing the square on at
least a two term quadratic

3x'3?-18x'3'+33

(v :)3(t—3)2+60r

(v=)3[ (t-3) +2]

M1

dep on at least M2 for
substituting their t into v
or

for a seeing a correct
simplified expression after
completing the square

Al

Total 5 marks

£
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< QUESTION

19 (v=)3t2+10t -8 5 M1 For at least 2 terms differentiated correctly

3t2+10t—-8=0 M1 Their v =0 dep on M1 could be implied by
correct values

@t i)(t *HE0 M1 dep on M1 for correct values for t or for t = 2

(t=) < or (t=)—4 3

3 or

correct method to solve their 3 term quadratic
equation:

If factorising, allow brackets which when
expanded give 2 out of 3 terms correct (If
using formula or completing the square allow
one sign error and some simplification — allow

—10++/100+96 oe
6

5, 48
3(t+-) ——=0
(t+2)' -5 =0)

as far as eg

3 2
(s2) (EJ +5x (3) _8x2410 ML Eor % (only) substituted into formula for s or
3 3 3

for selecting the value from this substitution or
for an answer of 7.185...

194 Al oe but numerator and denominator must be
27 integers.

Total 5 marks

£
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< QUESTION

21 dy > 16 5 M2  for both terms differentiated correctly
&: 2xkx—16X"* or 2kx—= 0
X (M1) for one term differentiated correctly
"2kx —16X2"=0 oe M1  ftdep on M1
eg %k =g or %k =36 ork=27o0e M1 (not ft) for substituting x =§ into their correct

equation for k and getting as far as one step from
the value of k or the correct value of k

Working must be seen 36 Al deponM4

Total 5 marks

Q\?ﬂ
59



< QUESTION

24 (v=) 12227 (=0) 5 M1  Correct differentiation
22" 5 e ML dep M1 first stage to solve v = 0
12 %4 by rearranging, factorising,
or (3)(2t + 3)(2t — 3) (= 0) quadratic formula, or completing
the square
\/EJ o6 (=f yor i\/s_r o8 (= + 3_) Al Correct value of t (allow +)
4 2 4 2
(a=) 24t M1  dep 1st M1 for differentiating v
36 Al correct answer
Total 5 marks

£
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< QUESTION

17 8t or +125t20e 5 M1 for differentiating one term correctly
A1 for both terms correct

8t —125t 2 0e or 8t —1t2—25 oe

M1 for equating their 8t +at?oe or bt +125toe to
zero and solving for t ie must have correct powers of t

8t-125t2 =0 and (t =); % (=25)
and at least one correct coefficient and correct isolation

of t
M1ld ious M k fi bstituting int
4(..2.5..)2 +"122:" ep on previous M mark for substituting into s
75 Al

Total 5 marks

£
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20

(V=)zx? [@ - x) or 800x—x°0e
X

M1 for volume of cylinder (in terms of
one variable, e.g. xor r)

(d—v :]800 —32x°
dx

ML1ft for differentiating an expression in
one variable to find

800 or +37x*

(must come from a cubic in the form
800x + zx°or 800x +ax’or bx+7zx*
where a# 0 and b # 0)

"800—37x*"=0

M1ft dep on previous M1 for equating
their (:j—v to zero (must be a quadratic in
X

the form 800+ ax’or b+37zx’
where a# 0 and b # 0)

(x=) ?—°(=Ja4.8(8263...))or “9200”
7T T

9.2(13177..))

or

A1 for a correct value of x
Allow use of quadratic formula

Award marks within the range from correct
working

4914

Al accept 4910 — 4914

Total 5 marks

62
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< QUESTION

19 ( g% :] 3% _16x—12 5 | M1 for differentiation with at least 2 terms correct
"3 -16x-12"=0 Maft (dep on previous M1) for their g—i= 0
eg (3x+2)(x—6) (= 0) M1ft (depon 1% M1)
or (x =) ~(16) £(-16)° ~4x3x(-12) for the correct x value (of 6) — ignore other x value
2x3 OR

8\’ 64 for solving their 3 term quadratic equation using any

or 3 (x——) ) -12(=0) correct method
(if factorising, allow brackets which expanded give 2

out of 3 terms correct)
(if using formula allow one sign error and some

L 16 +~/256 +144

simplification — allow as far as T)

(if completing the square then as far as shown on

LHS)

The award of this mark implies the previous M mark
eg 6°—8x6°—12x6+5(= —139) M1ft (dep on 1%t M1) for x = 6 substituted into correct

equation for curve C

OR

(dep on 1 M1 and 2 values for x) for their greatest x
value substituted into correct equation for curve C
(ignore any attempt to substitute their least x value)
Working required (6,-139) Al  (dep on M2) cao

Total 5 marks

£
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20 (a) Z[XZ _1_1)()+ or Z(XZ _u ] e M1  for taking out a factor of 2
> 5 Xt
2 2 M1  for correctly completing square
2 (x—l—lj 2—% +..0r2 [x—E) 2—%+ Y competing sq
4 4 4 4
oe
Correct answer scores full marks (unless from 11\ 49 Al 0e eg 2(x—2.75)" -6.125
obvious incorrect working) Z(X_T ) allowa=2,b=11 o, c= % oe
4 8
if no other marks awarded,
2
award SCB1 for z[x—%) +o
ALTERNATIVE
ALT (3) | ax?- 2bax+ b%a- ¢ M1 for correctly expanding a(x- b)*- ¢
to give ax’- 2bax+ b’a- ¢
—2ba=-11or2ba=1landb%a-c=9 M1 for setting up 2 equations using the
coefficient of x and the numerical term
Correct answer scores full marks (unless from 11V 49 Al oe eg 2(x-2.75)" —6.125
obvious incorrect working) Z(X—X ry 11 49
allowa=2,b= == o0e,c= — oe
4 8
if no other marks awarded,
2
award SCB1 for z(x—%] +o
(b) (23 49) B2ft  oe, eg (5.75, —6.125)
4 (B1ft _ for one correct coordinate)

Total 5 marks

£
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< QUESTION




22

(V=) x(x)(15-4x) (= 15%2 — 4x°) M1  for a correct expression for the volume (condone

missingV=...)
av M1ft ftdep onaV of the form ax® + bx* where a, b # 0
a =| 30x— 12)(2

for a two-term derivative with at least one term
correct for their V
eg 15(2)x or 30x or —3(4)x? or —12x?

30x-12x2=0 = X=... M1ft dep on previous M mark

or

(x=) 2.5 oe for equating their 2-term first derivative to 0 and
solving to get a value of x (the value of x obtained
must be greater than 0 and must not be where
their second derivative is equal to 0)
or
the correct value of x

(V=) “2.5”x“25” x (154 x “2.57) M1  deponM3
for a full and correct substitution of their value

or (V=) 15(+2.57)? - 4(“2.57)° of x

Correct answer only scores full marks (unless from 31.25 Al 125

obviously incorrect working) 0eeg -

ignore any units on the answer line

Total 5 marks

£
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18 SQ? =8? +122 —2x8x12x c0s120° 914 M1 If this mark is awarded then ft on the
remaining M marks
(SQ) =/304 M1 for correct order of operations e.g. 64
+144 + 96 or 304 or 17.4.... or 419
SinR__ sin27? M1
V304" 9
R = sin-1 (sin27°><" 304") M1  can be implied by 61.5833...
9
61.58 Al for 61.58 - 61.6
Bl ftdep M3
180 — “61.6” — 27
Total 6 marks
2
19 ﬂ —ax’ 97 108 M1  for at least one of 3x? or 27
dx
3x2-27=0 M1  (dep) for a2 or 3 term quadratic =0
X=%3 Al
When x = -3, b = (-3)* - 27(-3) + k (=54 + k) M1  for either substituting x = 3 or
X ==3 into the y expression.
Whenx =3,d=3%-273) +k (=54 +Kk) Only award this mark if k or a
number representing k is in the
expression for b or d
b—d=54+k—(-54+k) M1  dep on all previous M marks
Expressions for b and d must have k
or the same number representing k
Al

Total 6 marks

£
66

< QUESTION




22

M1 for one correct value

2.5,-60

Al oece.g —25&120

SC Ml for drawing cos curve

bi

2,5)

bii

(4.2

Bl

Total 4 marks

23

(V=)3C+2x4t-5

M1 2 out of 3 terms differentiated
correctly

372+8T-5=VOR3T>*+8T-5-V=0

Al correct equation

3(T2+§T)—5

or3m+87-3)
303

5 —84,/82 —4x3x(-5-V)

2x3

M1 attempt to complete the square
OR use quadratic formula
(condone one sign error in a, b
or ¢ and ft their quadratic with
mistake in a or b)

(condone + instead of +)

(T +£]2 [i] Vs
3 3 3

—8++/124+12V

T=) 6

M1 sight of this method mark
implies the previous M1
(condone + instead of £)

(ft their quadratic with mistake
inaorb)

T=4 V16+3V +15

L1
3

+2431+3V

-8
(T=) 6

M1 (condone + instead of +)
(ft their quadratic with mistake
in a or b)

—4++/31+3V

3

Al acceptk=31andm=3

Total 6 marks

£
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< QUESTION

23 3t2 —2x4t+50r 6 M1 for differentiation of s with 2 out of 3
3t2—8t+5 terms correct (can be implied by subsequent
working)
3t2—2x4t+5=00r M1 (dep on previous M1) for equating at least
3> —8t+5=0 a 2TQ to zero (allow inequality signs),

E.g. 3t°-8t=00r 3t*+5=0
(can be implied by subsequent working)

t= 5 oe (andt=1 Al for 5 and t = 1 may be crossed out or
3 3

absent)
(allow §= 1.6(66666) to 2 sf truncated or

rounded)

2t-4=0 M1 for differentiation of x to find at+b =0
(allow inequality signs) where a=2and b =
—4

(t :) 2 Al for a correct value of t

(1<)t<gandt>2 Al oe (t>1)t<§andt>2

Total 6 marks

£
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17(a) | Two of 12x* +10x+2 M1 for differentiating 2 or 3 terms correctly
12x% +10X+2 Al forall 3 terms correct
(b) (Bx+1)(4x+2) (=0)or(6x+2)(2x+1)(=0)or M1 ft dep on M1 for a correct method to solve
2(3x +1)(2x + 1) (=0) or (3 + 1)( 2x + 1)(= 0) their 3 term quadratic equation (with at
least 2 correct coefficients) using any correct
104102 —4x12x2  —5++/5% —4x6x1 method (if factorising, allow brackets which
— w12 or —— %6 or expanded give 2 out of 3 terms correct) (if
X " . x using formula allow one sign error and some
10 10 simplification — allow as far as
12 (x+—j —(—) +2(=0) oeor
[ 24 24 =0) -10++/100-96 -
5V (5 T ) Derivative must be a 3
6[(’”5) _(1_2) :|+1(=0) oe term quadratic for this M mark
1
NB Can be implied by answers of (x =)—§
1
and (x=)-=
(x=)-3
11 Al oe dep on previous M1
273 Allow —0.33(333) or 0.3 for correct x
values
1\° 1\? 1 1 M1  ftdep on previous M1for substituting at least
(y =)4X(_E) +5[—§) + 2[—5)(= —Z) or one x value into y
3 2 . .
(y =)4x(_£) +5(_1) +2(_£)(= _l) NB Can be implied by one correct value of y
3 3 3 27
Working required Al oe dep on M1 for correct coordinates

(-05,-0.25), (-0.33, ~0.25(9...)

Total 6 marks

£
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< QUESTION

13 (a) 3x2—2x — 2 B2 (B1 for at least 1 correct non zero term)
8
(b) “3x2—2x—8"=0 4 2 3 M1 Dep on at least B1, ft on M marks only dep
’ on % being a 3 term quadratic
X
(3x +4)(x—2) (=0) M1
or

2x3 2x3

~ 2£4/100 or xo 2% (-2)* -4x3x(-8)

Al (dep 2nd M1)

© Atx=2,y=2"-2°-8x2+12(=0) Shown 2 M1 Substitutes at least one of —% or 2 or their

orat x = —i,
3 answer from (b) into (y =)x° — x> —8x +12

Al must show that (2,0) is a turning point on the
curve and give concluding statement

Q\?ﬂ
70



< QUESTION

22 (a) dy 5 4 M2  Both terms correct
o 2%+ px~oe (M1 for one term correct)
2(-3)+ p(-3) (= 0) M1  (dep on M1) substitute —3 into a
derivative of the form ax+bx?
54 Al
(®) dy —|2x+16x2=0 8 ML ger Oy _ 0, at least one term correct
dx dx
eg 23 +16=00r 2¢=—160r x*=—8 or x=3-8 or x= M1  rearrangement of the correct
2 equation to remove the negative
power of x
12 Al
Total 7 marks
23 (a) 3 M1 or for one of a, b or ¢ correct
2(x*~6x)+3 or 2(x" —6x+ E) OR expanding a(x? + 2bx + b?) + ¢
2 2 3 M1  or for two of &, b or ¢ correct
2[(x—3) -9}+3 or 2[(X—3) = +ﬂ oe OR-12=2abor3=ab?+c
2 (x-3)2-15 Al accepta=2,b=-3,c=-15
(b) (-1,-15) B2ft eg accept [their —b — 4] for the x-coordinate

or [their c] for the y-coordinate
(B1 ft for one correct coordinate)

Total 5 marks

£
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< QUESTION

15

(2X+5)(X+ 1) =2x>+2Xx + 5 + 5
(=2 +7x+5) or

X+ DB -X)=—x>+3x-x+3
(=—x*+2x+3)or

B-X) (2x+5)=-2x2+6x—5x+15
(=-2x*+x+15)

M1 for multiplying out two
brackets correctly at least 3
terms correct

E.g.
(22 +7x+ 5)3 - x) =]
—2x3 — 7x% = 5% + 6x> + 21x + 15 or

[+ 2% + 3)(2x + 5) =]
—2x3 = 5%2 + 10X + 4x% + 6X + 15 or

(2% + X+ 15)(x + 1) =]
2% =22+ 15X+ X2+ X+ 15

M1 for at least 3 terms
correct out of a maximum of
6 terms

or
for at least 4 terms correct

out of a maximum of 8
terms

M2 for at least 4 terms correct out of a
maximum of 8 terms

6X% =23 + 6x — 2x% + 15x — 5x2 +15 — 5%

Shown

Al

Q‘\’/ﬂ'
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15

(b)

[ﬂzjls—zm(sx-zxz)oe
dx

M1 for the correct differentiation of at least 2 correct terms from

16 or —2x or (3 x —2x?)

[ﬂ =)16—2x—6x2 oe
dx

Al for a correct differentiated expression

'16-2x—6x*"'=00e

M1 (dep on M1) for equating their differentiated expression to zero

E.g.

24427 —4x6x-16
(X=) ———— oe
2x6

(accept + in place of +) or

E.g.

M1 (dep on M1) for a complete method to solve their 3-term
quadratic equation (allow one sign error and some simplification —

-2+ 4+384)
12

allow as far as

1.47

Al dep on M1 for answer in range 1.47 — 1.5 from correct working
(Must reject —1.80 to —1.81 if calculated)

Total 8 marks

£
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