Integration- Mark Scheme
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1.
Question Scheme Marks AQOs
8 (a) y=x(x+2)(x-4)=x"-2x" —8x Bl I.1b
3 2 ]' 4 2 3 3
x =2x —Bxdr »>—-x"—=x" —4x M1 I.1b
4 3
1]
Attempts area using the correct strategy ‘[ ydx dM1 2.2a
L, 25 L] -16 20, .
|:Ex E.T 4_\’ j|_1—{ﬂ} [4 T 16] = 3 Al 2.1
4
(b) 1, 2,4 2 20
- 1 H — —_ K — S = M]. |.. Lh
For setting 'their’ 3 b 3 b —4b” =+ 3
For correctly deducing that 3b* —8b" — 485" +80=10 Al 2.2a
Attempts to factorise
\ ) , M1 [.1b
3b* —8b" —48b° +80 = {b+ 2)(b+2)3b..b..20)
Achieves (b+2)’ (3b —20b+20) =0 with no errors Al® 2.1
(4
(c)
o States that between x =-2
and x =5.442 the area Bl 1B
above the x-axis = area
Bl 24
below the x -axis
/&\-/ -
(2)

(10 marks)




(a)
Bl: Expands x(x+2)(x=4)to x' =2x" —=Rx (They may be in a different order)
M1: Correct attempt at integration of their cubic seen in at least two terms.

Look for an expansion to a cubic and x" — x"™' seen at least twice
dM1: For a correct strategy to find the area of R

It is dependent upon the previous M and requires a substitution of =2 into * their integrated function.
o 1, 2 1 20 .

The limit of 0 may not be seen. Condone 1 x - 3 x —4x =3 oe for this mark

LU

3

and the limits must be the correct way around and embedded or calculated values must be seen.

Al*: For a rigorous argument leading to area of R = For this to be awarded the integration must be correct

Eg. Look for —[4+E—]6]0r —(%[—2}4 —%{—2}3 —4{—2}2}% before you see the ?

3
Note: It is possible to do this integration by parts.
(b)
b
. 1 2 20 1 2 2
MI1: For setting their —b* —Zp* —4p* =+ or |—x'-Zx —dx’| =0
SREET T3 ER R e
Al: Deduces that 3b* —8b" —48b” + 80 = 0. Terms may be in a different order but expect integer coefficients.
1 2 20
It must have followed Eb‘ - Ebs —4b* = -3 o=

1 2 20
Do not award this mark for y bt - §b3 —4b* + 5= () unless they attempt the second part of this question

by expansion and then divide the resulting expanded expression by 12
M1: Attempts to factorise 3b° —8b° —48b" +80=(b+2)(h+2)(3b"......20) via repeated division or

inspection. FYI 3b" —8b’ —48b" +80 = {b+ 2 }{3&3 —14b" =205 +40) Allow an attempt via inspection
3b" ~8b' —48b" +80=(b" +4b +4)(3b"...b...20) but do not allow candidates to just write out

3b* —8b' —48b* +80 = (b+2 }1 (3b* — 206 + 20) which is really just copying out the given answer.
Alternatively attempts to expand (b + 2]2 (3!12 =206+ 20] achieving terms of a quartic expression

Al*: Correctly reaches (b +2)° (3!}2 -20b+ ?.l]] =) with no errors and must have =0

In the alternative obtains both equations in the same form and states that they are same. Allow v" QED
etc here.



{c) Please watch for candidates who answer this on Figure 2 which is fine
B1: Sketches the curve and a vertical line to the right of 4 (x = 5.442 may not be labelled.)

B1: Explains that (between x =-2 andx = 5.442 ) the area above the x-axis = area below the x -axis with
appropriate areas shaded or labelled.
Alternatively states that the area between 1.225 and 4 is the same as the area between 4 and 5.442

Another correct statement is that the net area between 0 and 5.442 15 — ?

Look carefully at what is written. There are many correct statements’ deductions.
Eg. " (area between 0 and 4) - (area between 4 and 5.442) = 2(0/3". Diagram below for your information.

+< 0
R, =36.03

20

5
- | F | |
. | ¥ 1 R, =36.03
20— | | | |
R,= S | L lon | I Dl ‘ | N

2.
Question Scheme Marks AOs

13 (a) | (i) Explains2x-g=0when x=20e Hence g=4 * B1* 2.4

(ii) Substitutes (3,1] into y=—P=3¥ _ and solves M1 1.1b
2 (2x-4)(x+3)
1 p=9
—-= 0= =15%
3 (Z]x[ﬁ}jp =p Al* 2.1
3)
(b) 15-3x

Attempts to write in PF's and integrates using Ins

(2x-4)(x+3) Ml 3.1a
between 3 and another value of x.

15=3x A B i
— lead todand B
(2r—4)(x+3) (2x-4) [xr3) relosm Ml LIb

15-3x 18 24 or 09 24
(2_1'—4)(x+3}_[2x—4} (x+3) (x=2) (x+3) Al 1.1b




[= I{lid‘rzmln{z.r—fi]+nl[1(x+3)+{£‘] M1 L.1b

2x—4)(x+3)
- | o A= 09n2r—4)-24In(x+3) oc| | Al | Lb
- (2x—4)(x+3) x=0.9In(2x Aln(x t :
5
Deduces that Arca Either | —2—3%
educes that Area Either (2x-4)(x+3) o
) Bl 2.2a

Uses correct In work seen at least once for In6=In2+In3 or

In8=3In2
— dMI 2.1
[ﬂ.?ln(ﬁ}—2.4ln[8}] - [ﬂ.‘?ln{E} -24 ln(ﬁ}]
=33n6-72In2-0.9In2
=33In3-4.8In2 Al L.1b
(8)
(11marks)

(a)
B1*: Is able to link 2x—g =0and x=2 to explain why g =4

Eg "The asymptote x =2 is where 2x—g=0s0 4-g=0=g=4"
"The curve is not defined when 2x2-g=0=g=4"

There must be some words explaining why g = 4 and in most cases, you should see a reference to
either "the asymptote x =2", "the curve is not defined at x =2", 'the denominatoris O at x=2"

M1: Substitutes [3,l]imo 1'=P_73I and solves
2 ; (2::—4][_r+ 3)
. ) 1Y, 15=3x 1 6
Alternatively substitutes | 3,— |into y=—————— and shows == oe
Y [ 2] Y 2x-a)(x+3) 2 (2)%(6)
Al#*: Full proof showing all necessary steps i: p-9 = p-9=6=p=15

2 (2)x(6)
In the alternative there would have to be some recognition that these are equal eg v hence p=15

(b)

M1: Scored for an overall attempt at using PF's and integrating with Ins seen with sight of limits 3 and another
value of x.

15-3x A B .
MI1: = leading to 4 and B
(2x-4)(x+3) (2x-4) (xr3) crelodum
15-3x 1.8 24 0.9 24 9 12

Al: , or for example

(2_r—4}{x+3]=[2:—4}_[:+3j (x—=2) (x+3) (10x-20) (5x+15) o

Must be written in PF form, not just for correct 4 and B



MI1: Area R = I%m=m]nﬂx—4}+n]n{l+3)

15=3x
OR Imdt=mln(x—2]+nln(x+3]

Mote that Ih_fjdx—)fln[ﬁ:x—l‘:] and .I.(Ildx—)mln{ﬂx+3n}

+3)

15-3
Alft: :jmm —0.9In(2x—4)-2.4In(x+3) oe. FT on their 4 and B

B1: Deduces that the limits for the integral are 3 and 5. It cannot just be awarded from 5 being marked on

15-3x

—[2 4){ 3}(dx] or [ .............. ] : having performed an integral which
xX— X+

Figure 4. So award for sight of J.

3
may be incorrect
dM1: Uses correct In work seen at least onceeg In6=In2+In3, In8=3In2 or mln6k—min2k =min3
This 1s an attempt to get either of the above In's in terms of In2 and/or In3
It is dependent upon the correct limits and having achieved mIn(2x —4)+ nIn(x +3) oe

Al: =33In3-4.8In2oe
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3.

Question Scheme for Substitution Marks ADs

13 2
Chooses a suitable method for j. 2xafx+2 dx

Award for M1 ila
* Using a valid substitution 1 =..., changing the terms to u's
* integrating and using appropriate limts .

Substitution Substitution
dx dx Bl 1.1b
x+2=—=2u oec u=x+2=—=1 oe
du du
I 2xafx+2 dx J 21J.r+2 dx
Ml l.1b
:IA{!JJ iﬁ}azliu 2-[.4{!: i!}-.-";du
= Py Tt 3 3 .
=Pu’ +0u = ST+ T2 dM1 2.1
4 5 8, 4 3 8 3
==l —= i = -3 Al l.1b
3 i 3 i 5!]‘ 3!!
Uses limits 2 and «2 the Uses limits 4 and 2 the correct ddM1 L1b
correct way around way around
32
-l A * o)
~ (2+42) Al 2.1
(7
(7 marks)

Mi1: Fcr attcmptmg to mt-:gratc usmg subsmutmn L-:H:nk for
e terms and limits changed to u's. Condone slips and errors/omissions on changing dx — du
s attempted multiplication of terms and raising of at least one power of v by one. Condone ships
* Use of at least the top correct limit. For instance 1f they go back to x's the limit 15 2

dr

du

B1: For substitution it is for giving the substitution and stating a cormrect —

E r4+2 = dx 2 lent such du :
g, o = =f A -_—= d or l:quwa chl suchn as —
du dx 24‘?

MI: It is for attempting to get all aspects of the integral in terms of 'u'.

All terms must be attempted including the dx. You are only condoning slips on signs and coefficients
dM1: It 1s for using a correct method of expanding and integrating each term (seen at least once) . It 1s
dependent upon the previous M

Al: Correct answer inx oru  See scheme




ddM1: Dependent upon the previous M, it is for using the correct limits for their integral, the correct way
around

32
Al*: Proceeds correctly to = E [E + ﬁ] . Note that this is a given answer

b
4 8
There must be at one least correct intermediate line between —uj - —u3 and E{E e -q"i:]
& 3 lgp 15

Question Scheme for by parts Marks ADs
Alt

13 E
Chooses a suitable method for I 2x+fx+2 dx
¥

Award for Ml 3.1a
* using by parts the correct way around
* and using limits

3
(\.‘x+2]dx=§[x+2]'3 Bl 1.1b
I 2xfx+2 dx = :1.':‘[_‘{+2]% —IH{.‘E‘+2]§ (dr) M1 1.1b
- Ax(x+2): _r[_Hzﬁ dM1 2.1
4 IR 3
=_ 22 —— 2)2
3r[x+ ) 15[x+ ) Al L.1b
Uses limits 2 and () the correct way around ddM1 1.1k
32
=E[2+ \2) Al* 2.1
(7)

M1: For attempting using by parts to solve It is a problem- solving mark and all elements do not have
to be correct.

# the formula applied the correct way around. Y ou may condone incorrect attempts at
integrating +fx+ 2 for this problem solving mark

s further integration, again, this may not be correct, and the use of at least the top limit of 2

5 3
3 . 2 (x+2)
Bl: For [ .r+3}dr=%[x+2}3 oc ['-.*Iayb-:mvardcdjl 21d.¥+2d¥—}x'x%

1]

b | s
b | s

M1: For integration by parts the nght way around. Award for Ax(x+2)

B2 @0

3
dM1: For integrating a second time. Award for A'_r{_r+2]3 —C(x+2)

3
-
2



Al: ;:r[_r+2}% —%[I+2F which may be un simplified

ddM1: Dependent upon the previous M, 1t 1s for using the limits 2 and () the correct way around

2

3
Al*: Proceedsto = E{E + -E) . Wote that this is a given answer.

At least one correct intermediate line must be seen. (See substitution). You would condone missing

dx’s
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4,
Question Scheme Marks | AOs
3{“} xn —}_Y”” M1 1.1b
4 2 1, Al 1.1b
_[[FJthdr_ Z ke Al | Lib
3)
(b) 2 ]
{—ij+lkx2} =(—%+lkx4)— —iﬁ+lkx{ﬂ.5}' = MI 1.1b
2 .5 2t 2 (0.5) 2
15
?.5+Ek=H:>k=... dM1 l.1b
4
k=— Al 1.1b
15
(3)
(6 marks)

Mark parts (a) and (b) as one
(a)

M1: For x" — x""'for either x or x'. This can be implied by the sight of either x *or x°.

3+l

I+1

Condone " unprocessed” values here. Eg. x * and x
Al: Either term correct (un simplified).
2 2
Accept 4x .r__2 or k 5 with the indices processed.

Al:

Correct (and simplified) with +c.

[gnore spurious notation e.g. answer appearing with an I sign or with dx on the end.

Accept — i,, +
2

1
2

kx? +¢ or exact simplified equivalent such as 25+ k

X
—+c

2



(b)

2 1 o X
M1: For substituting both hmits mnto theirr——+ ?kx'j , subtracting either way around and setting

X’

equal to 8. Allow this when using a changed function. (so the M in part (a) may not have been
awarded). Condone missing brackets. Take care here as substituting 2 into the onginal function
gives the same result as the integrated function so you will have to consider both limits.

dM1: For solving a linear equation in k. It 1s dependent upon the previous M only
Don't be too concerned by the mechanics here. Allow for a linear equation in k leading to k=

Al: k= 5 or exact equivalent. Allow for n where m and n are integers and m_ ;i_
n n 3
Condone the recurring decimal 0.26 but not 0.266 or 0.267
Please remember to 1sw after a correct answer
Scheme Marks AQOs
13. The overall method of finding the x coordinate of 4. Ml 3.1a
y=2x3—1?x:+4ﬂx:>%=6xl—34x+4ﬂ Bl 1.1b
X
%=ﬂ:>611—34x+40={]:2{31—5]{1—4}=ﬂ:}x=... M1 1.1b
Chooses x=4 >€ Al 3.2a
; 3 1, 17 4 5
j 22 ~17x" +40x dx =| 7x" —-x* +20x Bl 1.1b
1,4 17, Mi L 1b
Area =E{4:} —?{4} +20(4) .
256
= Al 2.1
3
(7)
(7 marks)




M1: An overall problem -solving method mark to find the minimum point. To score this you need
o see
® an attempt to differentiate with at least two correct terms

* an attempt to set their 74 = (land then solve to find x. Don't be overly concerned by the
X
mechanies of this solution
B1: [% :)612 =34x+ 40 which may be unsimplified

M1: Sets their ﬁ =0, which must be a 3TQ in x, and attempts to solve via factonsation, formula

dx

or calculator. If a calculator 1s used to find the roots, they must be correct for their quadratic.

If %is correct allow them to just choose the root 4 for M1 Al. Condone {1—4](1—§]
X

Al: Chooses x=4 This may be awarded from the upper limit in their integral

%x" _g_‘,s +2{}x3} which may be unsimplified

M1: Correct attempt at area. There may be slips on the integration but expect two correct terms

The upper limit used must be their larger solution of j—'} =0 and the lower limit used must be 0.

X
So 1f their roots are 6 and 10, then they must use 10 and 0. If only one value 1s found then the limits
must be 0 to that value.

Expect to see embedded or calculated values.

BI: j 2_1'3—[?_1'3+4J[}xdx=|:

Don’t accept J-: 2 =17x* +40x dx = ? without seeing the integration and the embedded or

calculated values

256

Al*: Area = =3 with correct notation and no errors. Note that this 1s a given answer.

For correct notation expect to see

d d
« ¥ or ™ used correctly at least once. If fix) is used accept f'(x). Condone »'

dx
. IZI] —17x" +40x dx used correctly at least once with or without the limits.
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6.

Question Scheme Marks | AOs
1
IEI‘ —6x + 1}:&
Attempts to integrate awarded for any correct power M1 l.1a
2 4
2 _6rlfdr= Sx X4 4x Al L.1b
3 3 4
=6 Al 1.1b
/.
= l.‘c*—4_‘c%+x+c Al 1.1b
6
(4 marks)
Notes
M1: Allow for raising power by one. x" — x"*'
Award for any correct power including sight of lx
Al: Correct two ‘non fractional power’ terms (may be un-simplified at this stage)
Al: Correct ‘fractional power’ term (may be un-simplified at this stage)
Al: Completely correct, simplified and including constant of integration seen on one line.
Simplification 1s expected for full marks.
q
Accept correct exact equivalent expressions such as IT —dxfx+1x' +e
b
494yt
Accept roor or 24’?{ +6x +c
[i]
Remember to 1sw after a correct answer.
Condone poor notation. Eg answer given as I%x* —4x" +x+c
Question Scheme Marks AQs
15. For the complete strategy of finding where the normal cuts the x-
axis. Key points that must be seen are
Attempt at differentiation
i . : M1 3.1a
Attempt at using a changed gradient to find equation of
normal
* (Correct attempt to find where normal cuts the x - axis
32 d 64 M1

J==?+31—R:>E——?+3 Al




For a correct method of attempting to find

Either the equation of the normal: this requires substituting

x =4 in their d._1 = —ﬂ +3=(2), then using the perpendicular
X .

I
gradient rule to find the equation of normal y—6="- 5"{ x—4)

dh 1 2.1
Or where the equation of the normal at (4.6) cuts the x - axis. As
above but may not see equation of normal. Eg
0-6="- l?"f.r —4) = x =... or an attempt using just gradients
H l n__ El :l:. J—
2 "a-a "7
Normal cuts the x-axis at x =106 Al 1.1b

For the complete strategy of finding the values of the two key
areas. Points that must be seen are

* There must be an attempt to find the area under the curve
by integrating between 2 and 4

* There must be an attempt to find the area of a triangle M1 3.1a
"Ih"

using %w{'lﬁ'—rﬂlxﬁ ﬂrI "[—%I+R]"d}c’
4

-—

The "16" cannot have just been made up.

L Y 32 3, M1 [.1b
—+3ix—8dr=——+=x"—&
,I--‘f: AmRdAEm T Ty Al 1.1b
32 3 !
Area under curve = =|:—T+Ex:—&r] =(-16)—(-26)=(10) dM 1 l.1b
Total area =10+ 36 =46 * Al* 2.1
(10)
(10 marks)

(a)

The first 5 marks are for finding the normal to the curve cuts the x - axis

M1: For the complete strategy of finding where the normal cuts the x- axis. See scheme
M1: Differentiates with at least one index reduced by one



dv 64
Al: 2= - 5+3
dM1: Method of finding

either the equation of the normal at (4, 6) .

or where the equation of the normal at (4, 6) cuts the x - axis

See scheme. It is dependent upon having gained the M mark for differentiation.
Al: Normal cuts the x-axis at x=16
The next S marks are for finding the area R
M1: For the complete strategy of finding the values of two key areas. See scheme

MI1: Integrates 3—3 +3x —8 dx raising the power of at least one index

Al: -“33 +3x-8dx= —%+%x2 —8x which may be unsimplified
2

323, 7T
dM1: Area = I:—?+Ex —8x:| = (—]6]—(—26) =(10)
It is dependent upon having scored the M mark for integration, for substituting in both 4 and 2 and
subtracting either way around. The above line shows the minimum allowed working for a correct
answer.

A1*: Shows that the area under curve = 46. No errors or omissions are allowed

2

A number of candidates are equating the line and the curve (or subtracting the line from the curve)
The last 5 marks are scored as follows.
M1: For the complete strategy of finding the values of the two key areas. Points that must be seen
are

e There must be an attempt to find the area BETWEEN the line and the curve either way

around by integrating between 2 and 4

e There must be an attempt to find the area of a triangle using lx(' 16'-2)x (— % x2 +8J or

2
16
via intcgration.[ ["—%x+8")dx
2

M1: Integrates j["— % X+ 8“] - [% +3x- 8] dx either way around and raises the power of at least
x

one index by one

Al: i(-%+%x2 —161’} must be correct

X

4
dM1: Area = J ["—%x+8"]—(%+3x—8} dx = ......either way around
2



Al: Area= 49-3=46

NB: Watch for candidates who calculate the area under the curve between 2 and 4 = 10 and
subtract this from the large triangle = 56. They will lose both the strategy mark and the answer
mark.

NB. Watch for students who use their calculators to do the majority of the work. Please send these
items to review
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8.

Question
Number

I J(E.‘c’—ix'—S}l\'

Ignore any spurious integral signs throughout

Raises any of their powers by 1.
Eg X =x"or x” —x or k= kx
X" — " or x™" — x™™ _Allow the powers | M1
to be un-simplified e.g. X’ —x"or

oy or b = k™.

Scheme Marks

x 1 x™ Any one of the first two terms Al
6 4~ -2 correct simplified or un-simplified.

Any two correct simplified terms.
Accept +L, for + lx * but not ¥’
1 1 8x° 8

& -2
Two of: ix ’ gx , =X for x. Accept 0.125 for ébul % Al
would clearly need to be 1dentified
as (0.3 recurring.
All correct and simplified and
including + ¢ all on one line.

1,1,
E_T +§.T —5x+£‘ AUCEPI +8L_‘rur+%_t * but Hl'.ﬂxl Al
X

for x. Apply 1sw here.

{4 marks)




Question
Number

Scheme

Marks

7.(a)

6—5xd4
N

t'{4)=30+

Attempts to substitutes x =4 into

Fi() =30+ 972 or their

Jx

algebraically mampulated f'(x)

MI

f(d)=—7

Gradient = -7

Al

y=(-8)="-T"%(x—4)
or

Attempts an equation of a tangent
using their numeric f'(4) which has
come from substituting x = 4 into
the given {'(x)or their algebraically

y="-T"x+c=-8="-T"xd+c manipulated £'(x)and (4. —3} with

==

the 4 and -8 correctly placed. If
using y = mx + ¢, must reach as far
asc=...

M1

y==Tx+20

Cao. Allow y =20— 7x and allow
the “y =" to become “detached” but
it must be present at some stage.

Eg. yv=..
=—Tx+20

Al

(b)

Allow the marks in (b) to score in (a) i.e. mark (a) and (b) together

x?

. x?
=f(x)=30x+6—-5—(+c
(x) 0.5 "5[ )

MI: 30 = 30xor L — a'.\'{‘ or

Jx

Sx fx* (these cases only)

Jx

Al: Any 2 correct terms which can
be simplified or un-simplified. This
includes the powers — so allow
—%+1for +and allow ++1for 3
(With or without + ¢)

Al: All 3 terms correct which can
be simplified or un-simplified.
(With or without + ¢)

MIAITAL

Ignu re any spurious integral signs




10.

x=4,f(x)=-8=
8$=120+24-644c=c=..

Substitutes x = 4, f{x) = =% Into
their fix) (not f'(x))i.e. a changed

to obtain a value or numerical
expression for c.

f'{x)containing +¢ and rearranges M1

Cao and cso (Allow +fx for x? and

s eg fx or x*Jx for .r% ). Al

— (£(x) =)30x +12x7 —2x7 88

Isw here so as soon as you see the
correct answer, award this mark.
MNote that the “fi{x) =" 15 not needed.

(5)
(9 marks)
May 2016 Mathematics Advanced Paper 1: Pure Mathematics 1
Question .
Scheme Notes Marks
Number
1 ( 4
(2x' ——=+3)dx
Jx
MI: x* — x*"' One power increased by 1 but not for just + ¢
This could be for 3 2 3x or for x* — x""' on what they think
1
—= 15 as a power ol x.
Vx
. f Al: One of these 3 terms correct.
=X -=x +3x A+l 4t MIA1Al
7 Allow un-simplified e.g. IR
4+1  -L1+1
Al: Two of these 3 terms correct.
21_!1-” 4 , ! fl
Allow un-simplified eg. ——, ——— 3
4+1 -1+1
Complete fully correct simplified expression appearing all
2
2, . on one line with constant. Allow 0.4 for = .
== —-8xT+3x+¢ 5 Al
3 Do not allow 3x' for 3x
Allow /¢ or x"° for =¥
Ignore any spurious integral signs and ignore subsequent working following a fully
correct answer.
4]

4 marks
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11.

Question
Number

Scheme

Marks

y=4dx - i_

X

(a)

Ml: x" — x™

e.z. Sight of X orxor —

X

ll‘c:+£

Al: 3x4x" or —5x-2x " (oe)
{Ignore + ¢ for this mark)

Al 12x7 + E} or 12x” +10x~ all on one line and no

X
+c

MIATA1

Apply ISW here and award marks when first seen.

3)

(b)

rl 5
X +—+c

n+l

MI: x" —=x"".

e.g. Sight of orxor ?

Do not award for integrating their answer to part

(a)

or

Al: 4I—U-r—5><x—
4

S ek S N

Al: For fully correct and simplified answer with + ¢

all on one line. Allow x* +5x l +c
x

Allow 1x* for x*

MIALAI

Apply ISW here and awa

rd marks when first seen. Ignore spurious integral
signs for all marks.

3)

(6 marks)




12.

Question
Number

Scheme

Marks

10(a)

Lk

f(x)= X! -

—x? +2x(+c

Ml x" — x™

Al: Two terms n x correct,
simplification is not required in
) coefficients or powers

Al: All terms in x correct.
Simplification not required in
coefficients or powers and

+ ¢ 1s not required

MIATAL

Sub x=4,y=9mto f(x)=c=..

MIl: Subx =4, y=9mto f(x) to
obtain a value for c. I[f no + ¢ then
MO. Use of x =9, y = 4 15 MO.

M1

(571"

(f(x)=)x* -

[ =]

T |

x*+2x+2

Accept equivalents but must be

& |l

simplified e.g. f(x)=x" —4.5{x +2x+2
Must be all “on one line” and simplified.
Allow x\l’; for x*

Al

(5)

(b)

Gradient of normal 1s -% =

Gradient of tangent = +2

MI: Gradient of

2y+x=01is il(m)::»-d;v-:—_'T
2 dx

b

Al: Gradient of tangent = +2 (M;Iy be
implied)

MIALI

The Al may be implied by

1

SETRE | SEEp— Y
3 9
JEU‘

3Wx 9

2° 4

+2=
x

3

2. 4

25 =0
= Jx

Sets the given f'(x) or their {'(x)

= their changed m and not their m
where m has come from 2y + x =0

9

Ml

x4ﬁ:>6.r—9=0:>x=..

x4:fx or equivalent correct algebraic
processing (allow sign/arithmetic errors
only) and attempt to solve to obtain a

value for x. If f'(x)# 2 they need to be
solving a three term quadratic in Jx

correctly and square to obtain a value for
x. Must be using the given {'(x)for this

mark.

M1




(=15 x=2(L5)Accept equivalents e.g . x=2 Al
- If any “extra” values are not rejected, score Al
(3)
Beware ?—‘l— = —l = _—2+£ - l = —ls.:tn:. leads to the correct
e 2 W 9 2 2
answer and could score MIAIMIMincorrect processing)AQ
| { 10 marks)
May 2014 Mathematics Advanced Paper 1: Pure Mathematics 1
13.
Question Scheme Marks
Mumber
3 8’
1. [Bx +4)dr = R M1, Al
=2x'+dx+c Al
(3 marks)

Notes
M1 " > x™ sox' 5x' or 454x or 4%

. : : : A N 8 .
Al This is for either term with coefficient unsimplified (power must be simplified)- so EI or 4x

(accept 4x')

Al Fully correct simplified solution with ¢ i.e. 2x* +4dx +¢ [allow 2x* + 4x +ex"]

If the answer 1s given as I 2x" +4x + ¢ . with an integral sign — having never been seen as the fully correct

simplified answer without an integral sign — then give M1A1A0O but allow anything before the = sign
e y=2_r4 +4x +oe, f{x}=2_r4 +4x +c, I: 2x' +dx+c,ete....

If this answer is followed by (for example) x* + 2x + & then treat this as isw (ignore subsequent work)
If they follow it by finding a value for ¢, also isw, provided correct answer with ¢ has been seen and credited
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14.

15.

Question

Number Scheme Marks
2 M1: Some attempt to integrate:
" — ¥"* ! on at least one term.
{not for + ¢)
1
(If they think %is 3x? you can
x
105° 4y 3 —é still award the method mark for
{_[=} - = ! 3 MIAL, Al
5 2 3 x? 5x?
Al 10~ and 5 _ or better
- 2
2
Al: - 3x or better
3
Each term correct and simphfied
and the + ¢ all appearing together
; ) .
ns 7 3. on the same line. Allow J; for Al
2x =2x" —6x° +¢ 1
x2 . Ignore any spurious integral
or signs and/or dy/dx’s.
Do not apply 1sw. If they obtain the correct answer and then e.g. divide by 2
they lose the last mark.
| [4]
Question Scheme Marks
Number
An attempt to expand the numerator
9 (a) (3-x)Y =9-6x" +x" obtaining an expression of the form M1
9+ pxz iqx". p.g=0
4
Ox7 +x° Must come from 2 +1x Al
x
-6 Must come from _ﬁf- Al
x

-

Alternative 1: Writes ﬂas (3x ' —x)” and attempts to expand = M|
<

then AlA1 as in the scheme.

Alternative 2: Sets(3—x")" =9+ Ax" + Bx", expands (3 - x') and compares
coefficients = M1 then AI1A1 as in the scheme.

(3)




qf'(x};g_r'f —6+x")

(b)

MI: x" - x" 'on separate terms at least
once. Do not award for 4 — 0
{Integrating 1s M0)

—18x7 +2x

Alft: —18x7 + 2" B"xwith a numerical B
and no extra terms. (A may have been
Incorrect or even zero)

MI Alft

(2)

(c)

i

MI: x" — x™! on separate terms at least
once. (Differentiating 1s M0)

f(x) = —9x' — 6x+ %Hc]

]

Alft: —Ox' + .4x+%(+c'] with

numerical 4 and B, 4, 8=0

MIAlft

-9
10=—=-6{(-3)+
—~6(-3)

+C SOC

(_3'].];
3

Uses x = -3 and y =10 in what they think
15 f{x) (They may have differentiated
here) but 1t must be a changed function
i.e. not the original f'(x), to form a linear
equation in ¢ and attempts to find ¢. No
+ ¢ gets M0 and A0 unless their method
implies that they are correctly finding a
constant.

M1

c=-2

C50

Al

3
(F(x)=)-9x " —6x+ J‘?+ their

C

Follow through their ¢ in an otherwise
(possibly un-simplified) correct
expression.

Allow - 2 for —9x ' oreven
X _

Alft

Note that if they integrate in (b),
use their integration in (c), th

no marks there but if they then go on to
e marks for integration are available.

(3)

[10]
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Question
Number Scheme Marks
dy ; I - AT
8. B —x + "2 = =T
@) [2] M
I gl AN Raises power correctly on any one term. | M1
{y=) ——x — " = |"—(+¢) Any two follow through terms correct.
4 (1) 2) (=2 Alft
1, 2x 172 This is not follow through — must be correct
(y=) -—x —-————(+c) Al
4 -1 2(2)
Giventhat y=7, atx=1,then T=-1-2+3+¢c = ¢= M1
[ a3 5 — L. a3
So, (y=) ——x -2x +=x +¢, c=8 or (y=)——x"-2x"+=x"+8 Al
4 i i 4
[6]
6 marks

Notes

M1: Expresses as three term polynomial with powers

denominator)

Depends on both Method marks

Al: Need all four correct terms to be simplified and

3, -2 and -3. Allow slips in coefficients.

This may be implied by later integration having all three powers 4, -1 and -2.
M1: An attempt to integrate at least one term so x" — x"™" (not a term in the numerator or

need ¢ = 8 here.

Alft: Any two integrations are correct — coefficients may be unsimplified (follow through errors in
coefficients only here) so should have two of the powers 4, -1 and —2 after integration — depends on 2™
method mark only. There should be a maximum of three terms here.

Al: Correct three terms — coefficients may be unsimplified- do not need constant for this mark

M1: Need constant for this mark. Uses v = 7 and x = | in their changed expression in order to find ¢, and

attempt to find c. This mark is available even afier there is suggestion of differentiation.
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17.
Question
Number Scheme Marks
) 2 3 6  2x7!
1. fx +—+ 5 |dx =L+L+5x[+f) M1 Al
x° 3 -1
=2 -2x";45x+¢ Al: Al
4




Notes

a+l

MI1: for some attempt to integrate a term inx: x"— x

So seeing either 6x° — +.4x" or i —+pux' or5— 5x is ML
x

A

[
1" Al: fora correct un-simplified x* or x™' ;\or L J term.
X

. B} L . } 2
2" Al: forboth x* and x™' terms correct and simplified on the same line. Te. 2x’ - 2x or 2x" - =.
X
3 Al: for +5x+c¢. Alsoallow + 5x' + ¢. This needs to be written on the same line.
Ignore the incorrect use of the integral sign in candidates’ responses.

Note: If a candidate scores MIAIA1AL and their answer 1s NOT ON THE SAME LINE then withhold the
final accuracy mark.

Jan 2012 Mathematics Advanced Paper 1: Pure Mathematics 1

18.

Question Scheme Marks

1. ! . MIATAL
(a) 4x” +3x ? {3)

(b) | ¢ 2 MIATAL
?"‘4."{_ +(-| {‘3)

6 marks

Notes
(a) | M1 for x" — x" ie. x’ orx seen

1
1" Al for 4x° or 6x$xx 2 (o.e.)(ignore any + ¢ for this mark)

1 1
2" Al for simplified terms i.e. both 4x’ and 3x * or i and no +¢ {Elx 21s AU}

Vx

Apply ISW here and award marks when first seen

(b) Ml for x* — x*"' applied to y only so x* or x* seen.
Do not award for integrating their answer to part (a)

5 ¥
1" Al for I? or 6% (or better). Allow 1/5x" here but not for 2™ Al

e

2" Al for fully correct and simplified answer with +C. Allow (1/5)x°

If + C appears earlier but not on a line where 2™ A1 could be scored then A




19.

Question Scheme Marks
T_ 3 5 _ 2 3
[f(x) :]3%—%+sx[+c] or {x"—%x:+ﬁx(+c]} MIAI
2 - ¥
10=8-6+10+¢ M1
c= -2 Al
fl)=1-2+5 "2"=2 (oe)
(1) 2+ 5 (o.e. Alfi (5)
5 marks
Notes

n+l

1M1 for attempt to integrate x" — x
1" Al  all correct, possibly unsimplified. Ignore +c here.

2"M1  for using x = 2 and f{2) = 10 to form a linear equation in ¢. Allow sign errors.

They should be substituting into a changed expression

2 Al forc= -2

3% Alft for %+C Follow through their numerical ¢ ( #0)

This mark is dependent on 1* M1 and 1* A1l only.

May 2011 Mathematics Advanced Paper 1: Pure Mathematics 1

20.

%ﬂ?ﬁggp Scheme Marks
2.
ly . . .3
a —=10x" —3x or X ——
(a) 10x* -3 10 4 MI Al Al
L X
(3)
[ b =2
(b) ([=) Tt = T MI Al Al
+C Bl
(4)

7




21.

Notes
(a) M1: Attempt to differentiate x" — x™' (for any of the 3 terms)
ie. ax' or ax™', where a is any non-zero constant or

the 7 differentiated to give 0 is sufficient evidence for M1
I Al: One correct (non-zero) term, possibly unsimplified.
2™ Al Fully correct simplified answer.

b) M1: Attempt to integrate x" — x"*'
( p g

(ie. ax® or ax or ax’, wherea is any non-zero constant).

1* Al: Two correct terms, possibly unsimplified.

2™ A1: All three terms correct and simplified.
L

. . X 1
Allow correct equivalents to printed answer |, e.g. 3 +7x- Pyl or
X

B
Allow % or 7x'

lx“' +Tx——x"
2

Bl: + C appearing at any stage in part (b) (independent of previous work)

Question Scheme Marks
Number
1 1
(a) .J'J=£,(]'=2 or 6x?, 3x° Bl, Bl
_ 2)
ﬁx? 3x’ El .
(b) +— [= 4x? +x-'J M1 Alft
(%p 3
x=4y=90:32+64+C=90 = C=-6 M1 Al
3
¥ =4x" + 2 +"their—6" Al
(3)
7




Notes |

(a) Accept any equivalent answers, e.g. p= 0.5, g=4/2
(b) 1¥ M: Attempt to integrate x* — x""' (for either term)

1 A: ft their p and g, but terms need not be simplified (+C not required for

this mark)

2" M- Using x = 4 and y = 90 to form an equation in C.

2" A cao

3" A: answer as shown with simplified correct coefficients and powers — but follow
through their value for C
If there 1s a restart’ in part (b) it can be marked independently of part (a), but marks for
part (a) cannot be scored for work seen in (b).

Numerator and denominator integrated separately:

First M mark cannot be awarded so only mark available is second M mark. So 1 out of 5
marks.
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23.

?wllilen?lgeﬂrn Scheme Marks
6 ) 3
o 12x IxT 4x M14A1,A1,A1
2- e e . ] ¥
(I_J ﬁ 3 3 5 % ..(""C}
4
= 22 - 4327 +¢ Al
5
Notes
$ s
M1 for some attempt to integrate: x" — ™! ie ax® or ax’ or ax or ax , wherea is
a non Zero constant
I
1" Al for 12x or better
I.’:
20 Al for ——— or better
3
3 Al for 4% or better
Bl
4™ A1 for each term correct and simplified and the +¢ occurring in the final answer
Question .
Number Scheme Marks
3 2
7. (f(x) =}IETI—%+I(+::} M1 A1 A1
M1
(l"{—]]:ﬂ::-} O=dx(-D)-4xl-1+¢
c=9 Al
[£(x)=4x" ~4x" +x+9]
Notes

1¥ M1  for an attempt to integrate x" — x™*'

I* Al for at least 2 terms in x correct - needn’t be simplified, ignore +¢
2™ A1 for all the terms in x correct but they need not be simplified. No
need for +¢

2" M1 for using x = -1 and y =0 to form a linear equation in ¢. No +¢ gets
MOAO

3 Al for¢=9. Final form of f{x) is not required.
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Question Scheme Marks
Number
2.
4 3
ELﬁ%_gxﬂ- M1 A1
2
. 32
=2x +4x2,-S5x+c A1 A1
4
Notes
M1  for some attempt to integrate a term in x: x" —» x™*!

3
k] gyt 6x2
1 Al for correct, possibly un-simplified x* or x2 term. e.g. % or -

[ [P

El
2" A1 forboth 2x* and 4x? terms correct and simplified on the same line

) . 3 lJ«; . . -
N.B. some candidates write 4yx” or 4x £ which are, of course, fine for Al

39 Al for —5x+c. Accept —5x' +c.
The +c must appear on the same line as the —3x
N.B. We do not need to see one line with a fully correct integral

[gnore ISW (ignore incorrect subsequent working) if a correct answer is followed by an incorrect version.

o
=
2

. : 4 . .
Condone poor use of notation e.g. Jlr +4x? —=5x+ ¢ will score full marks.
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Question

number Scheme Marks
Q4 3
xx=x2  (Seen, or implied by correct integration) B1
x_'y; - Jcr‘lé or x}é — k:rx (k a non-zero constant) M1
A 7
(v=) 5:; ot ;— (+C) (%y ="and “ +" are not required for these marks) Al. A1
N
5x 4’I'§ 4%
35= ] + 57 +C  Anequation in C 1s required (see conditions below). | pq
hoh
(With their terms simplified or unsimplified).
11 . l
C=—  orequivalent 2—, 2.2 Al
5 5
y= lﬂxflé + EIT + IS—I (Or equivalent simplified) At ft
v 2% 11 | ;
Ls.w. if necessary, e.g. ¥ = ll’lx’é + ; +? ZSGI/; +2x‘é +11
The final A mark requires an equation “y =...” with correct x terms (see below). [7]
__!
B mark: x* often appears from integration of Jx , which is BO.

54x

0.5
xlwf.; .?xl'r;q

257 5

1** A: Any unsimplified or simplified correct form, e.g.

2" A: Any unsimplified or simplified correct form, e.g.

27 M: Attempting to use x =4 and y = 35 in a changed function (even if
differentiated) to form an equation n C.

3" A: Obtaining C :% with no earlier incorrect work.

4th A: Follow-through only the value of C (1.e. the other terms must be correct).
Accept equivalent simplified terms such as IDJ; + 0.411-,'(;
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26.

Question

N Scheme Marks
umber
6. (a) Seeing —4 and 2. Bl
(1)
(b) ¥x+4)(x-2)=x" + 2x* - 8x or x° — 2x* +4x% — 8x ( without simplifying) | Bl
. _-l 2\_! E_l 4 2_3 4_.1 R_E .
J‘{x.l_I_EI-_Ex]dx:T__l_L_L{_l_f} Orl_— d +—T_Ll+,‘_‘} MIALf
4 3 2 4 3 3 2
& 3 2" & 3 27
o2 3 - (e 1B ) or |22 B 4 8 )0y | aM
4 3 21, 3 4 3 2, 3
= 2 - 2 AI
One integral =% 42; (42.6 or awrt 42.7 ) or other integral = £ 6; (6.6 or awrt 6.7)
" T 2 " L) 3 2 L] n 3 2 " " L) 2 "
Hence Area = .rhe;r42§ + rﬁe{rﬁg or Area = thezr42§ - " a‘hejrﬁg dM1
= 4-‘33l or49.3 or 148 (NOT _Las ) Al
3 3 3
i 1 . . (7)
{An answer of = 493 may not get the final two marks — check solution carefully)
8]
Notes for Question 6 |
(a) Bl: Need both —4 and 2. May see (-4.0) and (2.0) (correct) but allow (0.-4) and (0, 2) or4 =-4. B=2or
indeed any indication of -4 and 2 — check graph also
(b) Bl: Multiplies out cubic correctly (terms may not be collected, but if they are, mark collected terms here)

MI: Tries to integrate their expansion with x* — x"' for at least one of the terms

Alft: completely correct integral following through from their CUBIC expansion (if only quadratic or
quartic this is AQ)

dM1: (dependent on previous M) substituting EITHER -a and 0 and subtracting either way round OR
similarly for 0 and b. If their limits —¢ and b are used in ONE integral, apply the Special Case below.

Al: Obtain either i42§ (or 42.6 or awrt 42.7)from the integral from -4 1o 0 or + 6% (6.6 or awrt 6.7)

from the integral from 0 to 2; NO follow through on their cubic (allow decimal or improper equivalents

128
3

which will be MOAD.

dM |1 (depends on first method mark) Correct method to obtain shaded area so adds two positive
numbers (areas) together or uses their positive value minus their negative value, obtained from two
separate definite integrals.

Al: Allow 49.3, 49.33, 49,333 etc. Must follow correct logical work with ne errors seen.

For full marks on this question there must be two definite integrals, from -4 to 0 and from 0 to 2, though
the evaluations for 0 may not be seen.

(Trapezium rule gets no marks after first two B marks)

20 . . L N
or — ) isw such as subtracting from rectangles. This will be penalized in the next two marks,

(b)

Special Case: one integral only from —a to b: BIMIA| available as before, then

r 3 272
X2 OB a8 e (64128 ea]= 624422 aMI for correct use of their
4 3 2 3 3 TS

limits —¢ and b and subtracting either way round.
Al for 36: NO follow through. Final M and A marks not available. Max 5/7 for part (b)
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27.
Question Scheme Marks
number
Method 1 Puts 10-x=10x-x" =8 and Orputs y=10(10-y)—(10-y)* -8 M1
5 (a) rearranges to give three term quadratic and rearranges to give three term quadratic
Solves their "x* —=11x+18 =0" using | Solves their "y* =9y +8=10" using M1
accr.:F[ab]c method as in general principles | jcceptable methed as in general principles to
to give x = give y =
Obtains x =2, x=9 (may be on Obtains v =8, ¥ = | (may be on diagram) | Al

diagram or in part (b) in limits)
Substitutes their x into a given equation | Substitutes their v into a given equation to | M1

to give ¥y = (may be on diagram) give x= (may be on diagram or in part (b))
y=8y= x=2,x=9 Al (5)
(b] b 3
Iuﬂx—x!—mdr: Wx _x g [+ ¢} M1 Al
3 Al
2 o dM1
10x*  x
———==Bx| = el (-
2w = (=)
:90—% = 88Zor £
Area of trapezium=1(8+1)}(9-2)=31.5 Bl
So area of R is 82— 31.5=57L or 4 MIAL
cao
)]
12

marks




Notes (a) | First M1: See scheme Second M1: See notes relating to solving quadratics

Third M1: This may be awarded if one substitution is made

Two correct Answers following tables of values, or from Graphical calculator are 5/5

Just one pair of correct coordinates — no working or from table is MOMOAOMIAOQ

(b) | M1: x" = x""! for any one term.

1** Al: at least two out of three terms correct 2™ A1: All three correct

dM1: Substitutes 9 and 2 (or limits from part{a)) into an “integrated function™ and subtracts,
either way round

10x x

+—+ax {+c} This s M1 Al Al

2 3

(NB: If candidate changes all signs to get _{ (=10 +x +8)dv =

Then uses limits dM 1 and trapezium is Bl

Needs to change sign of value obtained from integration for final M1A1 so —882—31.5 is MOAD )
B1: Obtains 31.5 for area under line using any correct method (could be integration) or triangle minus
triangle J'I-XSX ] _Jz' or rectangle plus trangle [may be implied by correct 57 1/6 ]

M1: Their Area under curve — Their Area under line (if integrate both need same limits)

Al: Accept 37. 1 6recurring but not 57.16
PTO for Alternative method

Method 2 -
for (b) Areagot R
= j (10x=x" -8) - (10-x) dx 3™ M1 (in (b) ): Uses difference
- between two functions in integral.
9 N n n+l
J‘ 2 $11e<18d% M: x" — x""" for any one term. Ml
2 Al at least two out of these three
3 2 . Al
X VIx simplified terms
=——+—-18x{+¢} ) )
3 2 Correct integration. (Ignore + ¢). Al
U 9
M _ i Substitutes 9 and 2 (or limits from
+ 182 | =)= {.u) ; : i
L part(a)) into an “integrated function” dM1
and subtracts, either way round.

This mark is implied by final answer which rounds to 57.2 Bl
See above working(allow bracketing errors) to decide to award 3" * M1 M1
mark for (b) here:

40.5-(-16%)=57+ cao Al

(7




Special ' 1 MIAIAL
case of L ¥ =1lx+18dx = T +18x {+ ¢}
above
method
3 2 T DM1
X I 1x |
|:T—T+IB Ij:{ ...... }—{ ...... ]
This mark 1s implied by final answer which rounds to 57.2 (not -57.2) Bl
Difference of functions implied (see above expression) M1
40.5-(-163)=57+ cao Al
(7)
Special ? ¥ 1x MIALAI
case of L ¥ =1lx+18dx = S +18x {+ ¢}
above
method
3 : T DM1
xr  llx
|:T—T+IB Ij={ ...... }—{ ...... }
This mark 1s implied by final answer which rounds to 57.2 (not -57.2) Bl
Difference of functions implied (see above expression) M1
40.5-(-163)=571 cao Al
(7)
Special | Integrates expressioninye.g. "y’ —9y+8=0": This can have first
Case 2
M1 in part (b) and no other marks. (It is not a method for finding this
area)
MNotes Take away trapezium again having used Method 2 loses last two marks

Common Error:

Integrates —x” +9x—18 is likely to be MIA1AOdM 1BOM1AD
Integrates 2 —11x—x" 1s likely to e MIAOAOIMIBOMIAD

9
Writing j (10x —x* —8) — (10— x) dx only eamns final M mark
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28.

Question Scheme Marks
Number
9. Curve: y=—-x"+2x +24, Line: y=x+4
(a) [Curve=Line} = —x" +2x+24=x+4 Eliminating y correctly. | Bl
W —x=20{=0} = (x—S)Hx+4){=0} = x=... Attempt to solve a resulting | ;|
quadratic to give x = their values.
So, x=35,-4 Both x =5 and x=-4. [ Al
So corresponding y-values are v =9 and y =0. See notes below. | Blft  [4]
1'J‘ 2 | x 2y MIl: x" — x""' for any one term.
-2+ 2x 4+ 24)dx )= - —+ =— 4+ Mx {4 ¢
(b) { ( ) J 2 ' 1" A1 at least two out of three terms. | MIALAIL
2™ Al for correct answer.
3 i N £+ 24y : _ ( }_[ } Substitutes 5 and —4 (or their limits from
I part{a)) into an “integrated function™ and | dM1
subtracts, either way round.
(
[—E+25+ 120]—fﬁ+16—96J =| 1031]—[ —SBE} = 162
3 L3 L3 3
Area of A=1(9)(9) =405 Uses correct method for finding area of triangle. | M1
So area of R is 162 — 40.5 = 121.5 Area under curve — Area of triangle. | M1
) ; 121.5 | Al oe cao
171

11




Question

Scheme Marks
Number
(a) 1" B1: For correctly eliminating either x or y. Candidates will usually write — x* + 2x + 24 = x + 4.
This mark can be implied by the resulting quadratic.
M1: For solving their quadratic (which must be different to — 3% + 2x + 24 ) to give x =... See
introduction for Method mark for solving a 3TQ. It must result from some attempt to eliminate one of
the variables. Al: Forboth x =5 and x=-4.
2 BIft: For correctly substituting their values of x in equation of line or parabola to give both correct fi
y-values. (You may have to get your calculators out if they substitute their x into y = —x* + 2x + 24).
Note: For x=5,-4 = y=9 and y=0 = eg.(—4,9) and (5. 0), award B isw.
If the candidate gives additional answers to (—4, 0) and (5, 9), then withhold the final Bl mark.
Special Case: Award 5C: BOM0OAOB] for {A}(—d, 0). You may see this point marked on the diagram.
Note: SC: BOMOADBI for solving 0 = — x* + 2x + 24 to give {A}(—d, 0) and/or (6, 10).
Note: Do not give marks for working in part (b) which would be creditable in part (a).
(b) 1" M1 for an attempt to integrate meaning that x" — x"*' for at least one of the terms.
Note that 24— 24x 1s sufficient for M1.
1" Al at least two out of three terms correctly integrated.
2™ A1 for correct integration only and no follow through. Ignore the use ofa +c'.
27 M1: Note that this method mark is dependent upon the award of the first M1 mark in part (b).
Substitutes 5 and —4 (and not 4 if the candidate has stated x = — 4 in part (a).) (or the limits the
candidate has found from part(a)) into an “integrated function™ and subtracts, either way round. Allow
one slip!
1 *'-'
3" MI1: Area of triangle = E(their x, — their x,){their ¥,) or Area of triangle = L x+4 {dx}
Where x, = their —4, x, = their 5 and y, = their y usually found in part (a).
4" M1: Area under curve — Area under triangle, where both Area under curve = ()
and Area under triangle > 0 and Area under curve > Area under triangle.
3" Al: 1215 or 2£ oe cao.
Question Scheme Marks
Number
Curve: y=—-x +2x +24, Line: y=x+4
. 3 MI: Uses integral of (x + 4) with
Aliter E , ft limi
9.(b) Areaof R = j (- +2x+24) — (x + D) dx . correct It limits.
Way 2 -4 47 MI1: Uses “curve” — “line™
function with correct fi limits.
RN M: x" — x""! for any one term. | M1
=——+_?+201f+ f} Al at least two out of three terms | Alft

Correct answer (Ignore + ¢). | Al
& d Substitutes 5 and —4 (or their limifs from
3 $X 203‘} = (o) = (o) part(a)) into an “integrated function™ and | dM1
-4 subtracts, either way round.

-
(53] (s5-0)-(m3) (=3)]

See above working to decide to award 3" M1 mark here: | M1

See above working to decide to award 4" M1 mark here: | M1
Soareaof Ris =121.5 121.5 | Al ce cao
171
11




(b)

1* M1 for an attempt to integrate meaning that x* — x" ' for at least one of the terms.
Note that 20— 20x is sufficient for M1.

1* Al at least two out of three terms correctly ft. Note this accuracy mark is ft in Way 2.
2* Al for correct integration only and no follow through. Iegnore the use of a "+ ¢'.

3 2 2 z 2
Allow 2™ A1 also for — % + 2_% + 24x- [% + 4xJ. Note that % - % or 24x — 4x only counts

as one integrated term for the 1 A1 mark. Do not allow any extra terms for the 2™ A1 mark.

2 M1: MNote that this method mark is dependent upon the award of the first M1 mark in part (b).
Substitutes 5 and —4 (and not 4 if the candidate has stated x = —4 in part (a).) (or the limits the
candidate has found from part(a)) into an “integrated function™ and subtracts, either way round. Allow
one slip!

3" M1: Uses the integral of (x + 4) with correct ft limits of their x, and their x, (usually found in part
(a)) {where (x,, ¥, ) =(-4, 0)and (x,. y,)=1(5.9).} This mark is usually found in the first line of the
candidate’s working in part (b).

4" M1: Uses “curve” — “line” function with correct ft (usually found in part (a)) limits. Subtraction must
be correct way round. This mark 1s usually found in the first line of the candidate’s working in part (b).

Allow I (- +2x+24)—x+ 4 {dx} for this method mark.
-4

3" Al: 121.5 0e cao.

Note: SPECIAL CASE for this alternative method

5 3 b 5

Areaof R = I (r —x—20)dr=| = - X _ 20y =[E—E-mﬂj—[-ﬁ-3+mj
. 3 2 L L3 2 3

The working so far would score SPEICAL CASE MIAIAIMIMIMOAQO.

The candidate may then go on to state that = ( - ?{]% ] - [5{] %] =- %

If the candidate then multiplies their answer by -1 then they would gain the 4" M1 and 121.5 would gain
the final Al mark.

Question Scheme Marks
Number
Aliter Curve: y=—x" +2x +24, Line: y=x+4
9. (a) [Curve=Line} =y = —(y—4) + 2(y - 4) + 24 Eliminating x correctly. | Bl
Way 2 ) Attempt to solve a resulting
V=9 {=0} = yy-9{=0}= y=... quadratic to give y = their | M1
values.
So, y=0.9 Both y=0and y=9. | Al
So corresponding y-values are x = -4 and x =35, See notes below. | Blft
[4]
2™ Blft: For correctly substituting their values of y in equation of line or parabola to give both correct ft
x-values.
9. (b) Alternative Methods for obtaining the M1 mark for use of limits:

There are two alternative methods can candidates can apply for finding 162"
Alternative 1:

o E
j (—x" 4+ 2x + 24)dx + _[ (—x" + 2x + 24)dx
-4 1]

3 gyl 0 PR I %
= —x—+L+24x + —T—+i+24x
3 2 L 3 2

[

= [{]}—(%+I6—96] +[—%+25+120] — ()

(-3




Alternative 2:
& L]
j (—x" + 2x 4+ 24)dx - j (—x" + 2x + 24)dx
—4 5

¢ 2y 6 R 6
=l ——4—+Mx| - | -—+—+2Mx
3 2 . 3 2

5

_ {{_¥+36+144]—[?+|6—%J1 _ {[_%wm|44.]_[—%+25+|20.]}>

= { [IOR)—[—SR %]} - {[ms)—[mz%]}
=[|65§]—f4%)= 162

LY
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29.

Question Scheme Marks
Number
4.
(a) | Seeing —1and 5. (See note below.) B1
(M
b)| (x+1)x-5)=x"-4x-5or x¥’ -S5x+x-5 B1
ER M: x" — x""' for any one term.
j[-‘k‘: —4x - 5)dx = ? -5 " 5x {+¢} 1™ A1 at least two out of three terms | M1ATft A1
correctly ft.
. Substitutes 5 and -1 (or limits from
x' o Ax? [ rt{a)) into an “integrated
———5x| = (e ~ (e pa &
{ 3 2 x_'_l () = o) function™ and subtracts, either way dm
round.
[ [
'E—ﬂ—25]—'—l—2+5]
(3 2 "3
{
(1) (5]
L3 ) |3
Hence, Area = 36 Final answer must be 36, not 36 | A1l
(6)
[71
Notes
(a) | B1: for —1and 5. Note that (-1, 0)and (5, 0) are acceptable for B1. Also allow

(0,-1)and (0, 5) generously for Bl. Note that if a candidate writes down that
A:(5,0), B:(-1.0).(1e 4 and B interchanged.) then BO. Also allow values inserted in the
correct position on the x-axis of the graph.




(b)

Bl for ¥’ —4x -5 or x° — 5x + x — 5. 1f you believe that the candidate is applying the Way 2

method then —x* + 4x + 5 or —x* + 5x — x + 5 would then be fine for B1.

1¥' M1 for an attempt to integrate meaning that x" — x"~' for at least one of the terms.

Mote that -5 — 5x 15 sufficient for M1.

1* A1 at least two out of three terms correctly ft from their multiplied out brackets.
2" Al for correct integration only and no follow through. Ignore the use ofa '+ ¢'.

3 2 2 2 2
Allow 2™ A1 also for XT - % + %— 5x. Note that - % + x? only counts as one integrated
term for the 1% A1 mark. Do not allow any extra terms for the 2™ A1 mark.
2™ MI: Note that this method mark is dependent upon the award of the first M1 mark in part

(b). Substitutes 5 and -1 (and not 1 if the candidate has stated x = —1 in part (a).) (or the limits

the candidate has found from part(a)) into an “integrated function™ and subtracts, either way
round.
3™ Al: For a final answer of 36 , not =36,

Note: An alternative method exists where the candidate states from the outset that
5
1

Area (R)= - I (x* = 4x + 5 )dx is detailed in the Appendix.
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30.

Question
Number Scheme Marks
8 (a) i—} =3x? - 20x+k (Differentiation is required) M1 A1
X
Atx=2,£=0,so 12-40+k=0 k=28 (*) | Alcso

X
N.B. The ‘= 0" must be seen at some stage to score the final mark.

Alternatively: (using &k = 28)

dy 2
——=3x" -20x+28 MI Al
o ( )
‘Assuming’ k = 28 only scores the final cso mark if there is justification (3)

dy . . .
that o 0 at x = 2 represents the maximum turning point.
X




2 2 4 3 3 - 2 28; 2
(b)j(x" ~10x? +28x)dv = %——E)é—r—+ 282“ Allow L%- for 8:
4 1 :
2 . (:4-Q+56=@)
4 3 g 3 3

(With limits 0 to 2, substitute the limit 2 into a 'changed function’)

y-coordinate of P = 8~ 40 + 56 =24 Allow if seen in part (a)
(The BI for 24 may be scored by implication from later working)
Area of rectangle = 2 x (their y - coordinate of P)

Area of R = (their48)—((heir@) =ﬂ (143 or l4.6)

3 3 3
If the subtraction is the ‘wrong way round’, the final A mark is lost.

M1 A1

M1

B1

M1 A1
(6)

(a) M: x" = ex™" (c constant, ¢ = 0) for one term, seen in part (a).
(b) 1* M: x" = ex™"' (¢ constant, ¢ = 0) for one term.
Integrating the gradient function loses this M mark.

2ndM: Requires use of limits 0 and 2, with 2 substituted into a ‘changed
function’. (It may, for example, have been differentiated).

Final M: Subiract their values either way round. This mark is dependent
on the use of calculus and a correct method attempt for the
area of the rectangle.

Al: Must be exact, not 14.67 or similar, but i1sw after seeing, say, %

Alternative: (effectively finding area of rectangle by integration)

4 i 2
_f{24—(x3 ~10x* +28x)}dx = 243(—[%— m; + 2321 J ete.

This can be marked equivalently, with the 1% A being for integrating the
same 3 terms correctly. The 3rd M (for subtraction) will be scored at the
same stage as the 2™ M. If the subtraction is the “wrong way round’, the
final A mark is lost.
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31.

Question

Number Scheme Marks
Q7 (a) | Puts y = 0 and attempts to solve quadratic e.g.(x—4)(x~1)=0 :'11 5
Points are (1,0) and (4. 0) 2)
(b) |[x=5 givesy=25-25+4 and so (5, 4) lies on the curve Bicso (1)
() j(x3—5x+4]dx:l3x3—%x2+4x (+¢) MIAT (2)
(d) | Area of triangle = %x 4x4=8 or J[Jr— l]dr = inr2 —x with limits 1 and 5 to give 8 | g1
5
Area under the curve = I %x53—%x52+4x5 {:—E] M1
6
4
ixd’ - 3x4 +4x4 [z—g} M1
5
5 8 11 .
j = —————==— orequivalent (allow 1.83 or 1.8 here) Al cao
y 6 3 6
Area of R = R—l—ﬁl:t’:% or % or 6.16" (not 6.17) Alcao (5)
[10]
() [ M1l forattempt to find L and M
Al Acceptx =1 andx =4, then isw or accept L=(1,0). M =(4,0)
Do notaccept L = 1, M=4nor (0, 1), (0, 4) (unless subsequent work)
Do not need to distinguish L and M. Answers imply M1AL.
(b) | See substitution, working should be shown, need conclusion which could be just y =4 or a
tick. Allow y =25 -25+4 =4 Butnot 25 - 25 + 4 = 4. ( y =4 may appear at start)
Usually 0 =0 or4=41s B0
(€

(d)

M1  for attempt to integrate X =k x ok ord o 4x
Al for correct integration of all three terms (do not need constant) 1sw.

Mark correct work when seen. So e.g. ]?"'3 - %xz +4xis Al then2x® —15x% + 24x would

be ignored as subsequent work.

B1 for this triangle only (not triangle LAMN)
1* M1 for substituting 5 into their changed function
2" M1 for substituting 4 into their changed function

(d)

Alternative method: LS (x=1)- (.rz =5x+4)dx+ j{4_r2 —=5x+4dx can lead to correct answer

Constructs Ils(x—l)—(_r2—51'+4}dx is Bl

M1 for substituting 5 and 1 and subtracting in first integral
MI for substituting 4 and 1 and subtracting in second integral
Al for answer to first integral i.e. £ (allow 10.7) and A1 for final answer as before..




(d)

Another alternative

j bl
L (x=1D=(x" =5x+4)dx+ areaof triangle LMP

5
Constructs L (x=1)— (x> =5x+4)dx is Bl

M1 for substituting 5 and 4 and subtracting in first integral
M1 for complete method to find area of triangle (4.5)
Al for answer to first integral i.e. + and Al for final answer as before.

(d)

Could also use
5 2
L (4x=16)—(x" =5x+4)dx+ area of triangle LMN

Similar scheme to previous one. Triangle has area 6
Al for finding Integral has value IE and Al for final answer as before.




