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MI: A full substitution producing an integral in  only (including the du ) (Integral sign not necessary).
The candidate needs to deal with the “x ™, the “(L/; —~1)” and the “dx ™ and converts from an

integral term in x to an integral in u. (Remember the integral sign is not necessary for M1).
A1*: leading to the result printed on the question paper (including the du). (Integral sign is needed).

4, B 1 P._0
Z4 or writing +
w@u-1)  u (u-1) u@u-1) u (u-1)
finding the value of at least one of their A or their B (or their P or their Q).
Al: Both their A=~2 and their B=4.(Or their P=~1 and their 0 =2 with the multiplying factor of

2in front of the integral sign).
. M %0, N =0 (i.c.atwo term partial fraction) to obtain any one of

MI: Writing

and a complete method for

MI: Tntegates 2L+
u @u-1)

+2Inu or % uin(u ~ yor +pln(u - 1)

Alft: At least one term correctly followed through from their A or from their B (or their P and their Q).
Al: “2lnu +2In2u - 1)

Notes for Question 5 Continued

) ctd

MI: Applics limits of 3 and 1 inu or 9 and 1 in x in their (i.c. any) changed function and subtracts the
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correct way round.
Note: Ifa candidate just writes (~2In3+ 2In(2(3) ~ 1)) oe , this is ok for MI.

Al 2|,.G] correct answer only. (Note: a=5,b=3).

Important note: Award MOAOMIAIAO for a candidate who writes

2 _f2 _ _
Im"”’.[:*am)“” = 2Inu + In(2u ~ 1)

AS EVIDENCE OF WRITING (z"; AS PARTIAL FRACTIONS IS GIVEN.
u;

Important note: Award MOAOMOAOAO for a candidate who writes down either

2 _ _ 2 _ _
Imrm,zm“zmu 1 or J’iﬂ(luflbd“ 2lnu -+ In(2u ~ 1)

WITHOUT ANY EVIDENCE OF WRITING ﬁ as partial fractions.
u(u—

Important note: Award MIAIMIAIAI for a candidate who writes down

2 -
Imu, 2Inu +2In(2u - 1)

WITHOUT ANY EVIDENCE OF WRITING % as partial fractions.
u(u

Note: In part (b) if they lose the 2" and find J’ﬁ du we can allow a maximum of
u(u—
MIAO MIAIRAO MIAO.
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Question

o Scheme Marks
6. %:,mzofe), o<100
L 4o - [2ar or L BI
@ 120-6" a(120-0) "

1 MIAL
~In(120-0); =41 + ¢ or 7|..(1204!);:r+r See notes | v )
{1=0.6=20 =} ~In(120 - 20) See notes | M1
= ~1n100 = ~In(120 - 6) = 4 - In100
then either... or...

—1 =In(120— )~ In100 41 =In100-1n(120 - 0)
=122 Pl
100 120-6
120-9 . __100
100 120-0 dadt

(120-0)¢" =100
100 = 120-0

= 120~ =100¢ Alv

leading to 6 =120 — 100e™
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(b)

{4=001,0=100=}
=120-100 = —00lr = (

100 =120 - 100e™**
120

" 100
1

100

Ml

Uses correct order of operations by

‘moving from 100 = 120 — 100¢-*""
and 1= A8, | o0

= 100¢"
1 (120-100 togive
Zoo1 100 where B >0
—L_ (L)< 1005
Zoo1 5
1=16094379... = 161 (5) (nearest sccond) awrt 161 | Al
131
1
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Notes for Question 6

@

BI:_Separates variables as shown. d@/and dr should be in the correct positions, though this mark can be
implied by later working. Ignore the integral signs.

Either or
I L 40 > +41n(120-0) J-;de - £4In(120 - 6), A isa constant.
20-6 2020-8)
Al I L 40 5 -m(120-0) J‘;dﬂ - -Liw(120-0) or - Lin(1202-20).
20-6 2020-8) 2 2
M [1dr > Jrae >«
AL [adr > ar+e ‘m JUdr - 1+ ¢ The +c can appear on either side of the equation.

IMPORTANT: + ¢ can be on either side of their equation for the 2 Al mark.
MI: Substitutes =0 AND 6 =20 in an integrated or changed equation containing ¢ (or 4 or In ).
Note that this mark can be implied by the correct value of ¢. { Note that ~In100 = —4.6051

dddM1: Uses their value of ¢ which must be a In_term, and uses fully correct method to eliminate their
logarithms. Note: This mark is dependent on all three previous method marks being awarded.
AT*: This isa given answer. All previous marks must have been scored and there must not be any errors in
the candidate’s working. Do not accept huge leaps in working at the end. So a minimun of either:

(1y ex 120-0

=100 =120 -0 = §=120-100¢*

100

or () "

= (120-6)e* =100 = 120-6 =100 = § =120 100
120-0

is required for AL

Note: {40 - - 11n(1201-26) is ok for the irst MIAL i part ().
(1202-20) Z
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®)

MI: Substitutes Z=0.01and 6 =100 into the printed equation or one of their earlier equations connecting

0 and 1. This mark can be implied by subsequent working.

dM1: Candidate uses correct order of operations by moving from 100 =120 —100e *™ to 7 =...
Note: that the 2™ Method mark is dependent on the 1 Method mark being awarded in part (b).

Al:_awrt 161 or “awrt” 2 minutes 41 seconds. (Ignore incorrect units).

Aliter |
6.(a) I do = J-J.dr BI
Way2 | J120-0
~In(120-6) = A1 +¢ See notes | M1 AT
~In(120-8) =ar+ ¢
n(120-0) =+
120-0
6=120- A
{t 20 =} 20 =120 - 4¢° Ml
4=120-20=100
So, 0 =120-100¢ ddaM1 AL+

181 |
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Notes for Question 6 Continued

@

BIMIAIMIAL: Mark as in the original scheme.
MI: Substitutes =0 AND ¢ =20 in an integrated equation containing their constant of integration which
could be c or A. Note that this mark can be implied by the correct value of ¢ or A.

dddM1: Uses a fully correct method to eliminate their logarithms and writes down an equation containing
their evaluated constant of integration.

Note: This mark is dependent on all three previous method marks being awarded.

Note: In(120-0) =—Ar+ ¢ leadingto 120~ f=¢ * +e& or 120~ @ =e * + A, would be dddM0.
Al*: Same as the original scheme.
Note: The jump from In(120 - 0)
in part (a).

At+c to 120-0=Ac™ with no incorrect working is condoned
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Accept as a minimum hH:%sinO.ZSfi»lnSaH
sight of the given answer

If the only error was to omit the integration signs on line 1, thus losing the first M1, allow the candidate to
have access to this mark following a correet intermediate line (see above).

If they attempt to change the subject first then the constant of integration must have been adapted if the A1*

ozsic Lanos
= H = 4e¥

is to be awarded. InH:%sinO.Zﬂwc:H

‘The dM1 and A1* under this method are awarded at virtually the same time.

Also, for the final two marks, you may sce a proof from | 30 = [eos0 251 de
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Aliter
6. (a)
Way 3

L)
120-6

~In|0-120/ =t + ¢

SERS =

w-| M}

{1=0,0=20 =} -In|20-120| = 4(0) + ¢
~In100 = —In|¢ ~ 120] = 2 ~In100

=
then either... or...
— At =1n[p —120]~ 100 A = 1100~ In[g — 120]
0 - 120 100
_a= 2t =1n
A=l ‘97 120)
As <100
at = 0
120-6
o __100
“120-0

1006 = 120- 0

(120-0)* =100
= 120- 0 =100

leading to 6 =120 - 100e™

Modulus required
Jor I" AL

Modulus
not required here!

Understanding of
‘modulus is required
here!

BI

MI AL
MI AL

M

dddm1

Al*

18] |
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BI: Mark as in the origi
MI: Mark as in the original scheme ignoring the modulus.

Al I L 40 - ~1n]0 ~ 120]. (The modulus is required here).

120-0
MIAL: Mark as in the original scheme.
MI: Substitutes £ =0 AND @ =20 in an integrated equation containing their constant of integration which

could be ¢ or A. Mark as in the original scheme ignoring the modulus.
dddM1: Mark as in the original scheme AND the candidate must demonstrate that they have converted

1| ~120] to In(120 - ) in their working. Note: This mark is dependent on all three previous method

marks being awarded.
Al: Mark as in the original scheme.
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Notes for Question 6 Continued

“Aliter
6. (a)
Way 4

Use of an integrating factor
90 - 2020-0) = 91 a0 = 1202

ar ar

F= Bl
d(en o

—(c*6) = 1202¢*, MIAL
a

€0 = 1202¢* + k MIAL
0=120+ K™ M1

{1=0,0=20 =} -100=K
6 =120 100¢ “ MIAL
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Question
Number
2.(a)
M
AL
Al
sfull S ape
tlugy o
Correet answer, with/without + ¢ | Al
151
§ ‘Applis limits of 2 and
1 1 1 1 1 ' 1 to their part (a)
e =[-=toma- i -
® {[ 2 Arl} [ 207 4(2)'] ( ET T answer and subtracts | M!
the correet way round.
=3 Ll o 2w o l(zlenz), cte, or awrt 0.1 or equivalent. | Al
68 i i
121
7
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(@

®)

M Integration by paris is applicd in the form 2 I)l
¥

dM1: Depends on the previous M. ijyll -t
x

1 i 1 1 1
Al: ——nx+ | -— | {+ ¢} or = —=—lnx-—{+c} or
2 2\2F 2w ax
~2Inx
o Ti=2lnx
a
You can ignore subsequent working after a correct stated answer.
M: Some evidence of aplying limits of 2 and 1 to thei par () answer and subtacts th correct way round.

{+ ¢} or equivalent.

+3
or 7(3 2n2) or )3 )
or 0.1875 - 0.125In2. Also allow awrt 0.1. Also note the fraction terms mus]becmnbmed.

Note: Award the final A0 in part (b) for a candidate who achieves awrt 0.1 in part (b), when their answer to
part (a) is incorrect.
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2.(b) ctd,

Special Case (b) MIAL: for a candidate who finds an answer in (a) which is out by a factor of -1.
Award SC MI1AI for

+%[zi) el in(@ leading 0~ + Hn2, tcor awrt ~0.1 i (b).

M1

Al

Al

am1

Al

Inx -

i
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Question

Number Scheme Marks
4@ | LO9SI Bl cao
U}
()| Area =2x1505+2(0.5284 + ther 10981) +1.3333] BL; M1
:%xs.sxsz = 284315 =2.843 (3 dp) 2843 or awrt 2843 | Al
131
dax
-1 & -t Bl
(© +) o d dx or Gr=2u-1) Bl
{ iy w vl
x u
I dx:} 2u-1) du !
Tx u -1y 20 [ a1
[
@-0 . _ ' =3 +3u-1) Expands to give a “four term” cubic in u.
ZI =y " du Eg s+ Bl +CazD | M
. ! An attempt to divide at least three terms in
= 2’J‘ w3 ]"" their cubic by u. See notes. | M!
w w- (v
E ) L WY L e
124 - 320 LN U] e
Aru(Rbf[z%fh +6u- 2Inu:|
205 ™ Appics limits of 3 and 2 in
[ D309+ 60~ zu.z] [ ~327 +62)- 2In2] wordand linxand | M1
subtracts cither way round.
U om2-213 or Yaomf2)or Lomf2), e Correet exactanswer |
3 3 @ or cquivalent.

181
12
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(@
®)

B1: 1.0981 correct answer only. Look for this on the table or in the candidate’s working.
BI: Ouside brackets %xl or %

MI: For structure of trapezium rule|

Al: anything that rounds to 2.843
Note: Working must be seen to demonstrate the use of the trapezium rule. Note: actual area is 2.85573645...

284315

Note: Award BIM1 Al for %(o.s +1.3333)+ (0.8284 + their 10981
Bracketing mistake: Unless the final answer implies that the calculation has been done correctly
Award BIMOAO for %xl +0.542(0.8284 + their 1.0981)+ 13333 (nb: answer of 6.1863).

Award BIMOAO for %xl (05+1.3333)+ 2(0.8284 + their 1.0981) (nbs answer of 4.76965).
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4.(b)etd

©

Alternative method for part (b): Adding individual trapezia
N lx[ 0.5+0.5284*0.8284;l.0‘381 . I,WM;L}}B

}: 284315

BI: 1 and a divisor of 2 on all terms inside brackets.
MI: First and last ordinates once and two of the middle ordinates twice inside brackets ignoring the 2.
Al: anything that rounds to 2.843
Note: This question appears as BI M1 BI M1 M1 Al MI Al on ePEN,
butis now marked as BI MI AT MI M1 AT M1 AL

B1: &
@
vpe X . .
M e becoming (Ignore integral sign).
Al w-1>" _ w-n 2
AL l+(dx becoming 2 2= {du or S oSl

You can ignore the integral sign and the du.
2™ MI1: Expands to give a “four term” cubic inu, +Au’:Bu’ £ CuxD
where A0, B#0,C#0and D% 0  The cubic does not need to be simplified for this mark.
3 MI: An attempt to divide at least three terms in their cubic by u.
@33 a1
u u

24AL Iﬂdn »(":73“1 +3ufl.nu]
u 32

4 M1: Some evidence of limits of 3 and 2 in u and subtracting cither way round.
(4 - 3(" +3(4)- ] (l] 307y lnl) isMo.

le.

N
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You will need to use your calculator to check for correct substitution of their limits into their integrand if a
candidate does explicitly give some evidence.

Note: For correct integral and limits decimals gives: (6.802775...) — (3.947038...) = 2.85573...

3AL: Exactanswerof 2+ 2n2-213 or 2+2n(2) or Lotn(2)or 2( L4213
3 3 3 3 6
o %421.:[%} ctc. Note: lhalﬁmuwnsmunbcmnhuwdmgiv:eilh:r%m %mz%

Alternative method for 2 M1 and 3" M1 mark

f

@

An attempt to expand (u~1)?, then
divide the result by u and then go on to | 2™ M1
multiply by (u~1).

to give three out of four of

s, 2Bt Corz 2 ¥
P’
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There is an alternative via the use of an integrating factor.

(b)

B1: States that the maximum height is 5.53 m  Accept Se”! Condone a lack of units here, but penalise if
incorrect units are used.

(©

B
MI: For identifying that it would reach the maximum height for the 2nd time when 0251 = 7" or4s0

Al: Acceptawrt 31.4 or 107 Allow if units are seen
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4.(c)etd

Final two marks in part (c): u =1+
Area(R) = [wfz(n‘/;f +6(1+«/§]7zm(1+‘&)}

MI: Applies limits of 4 and 1 in x
and subtracts either way round.

B {@ T ﬁ),zh(um]

= (18-27+18-2In3)- [%7l2+|272h2]

= %4 2In2-2In3 or ‘3—l+ 2In(%) or — 7ln[7], ete Al: Correct exact answer or equivalent.
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M1: Applies integration by parts and
expands to give a five term quartic.

MI: Dividing at least 4 terms.

Al: Correct Integration.

J“(nfl)‘du: I:(ufl)’ L
u w2

[15
=[2+
12

M1
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Question

Nmber Scheme Marks
6.(a) | (=0} I-2cosx=0 1-2cosx = 0., seen or implied. | M1
. At least one correet value of x. (See notes). | Al
AR Both Z and 3% | Al cso
3 3
31
o Va7 0 2o e For xj(lfzmsx)'. -
g Ignore limits and dx
U(lfzmsx)ldx ], !(174msx+4mslx)dx
Il P ‘[Hcoszx)dx cos2e=2cos’x -1 |\
See notes.
= [(3- 4cosx + 2c0s20) ax
Attempts [” to give any two of
2sin2x £4 -5 £ Av, £Beosx -+ Bsinx or | M1
= 3x—dsinx +
+Acos2x —> £ psin2x.
Correct integration. | A1
) ) 2sin (3! Applying limits
vl a6 ey 2 (36 auney 220 RS
round. Ignore 7.
:’[[5“2\/—7 ?],[,,z\ﬁ N ?D
7((18.3060...) - (0.5435...)) =17.76257 = 55.80
7(47+343) or 47’ +3243 Two term exact answer. | Al

161
9
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6. (a)

®

M1: 1-2cosx=0.

‘This can be implied by either oosx,% or any one of the correct values for x in radians or in degrees.

1AL Anymofal.ha% or ST’mm or 300 or awrt 1.05 or 5.23 or awrt 5.24 .

“AL Both Z and X,
393

Note: This part appears as M1 MI M1 Al M1 Al on ePEN, but is now marked as BI MI M1 Al M1 AL
BI: For x‘[(lfzoosx)!. Ignore limits and dv..

1" MI: Any correct form of cos2x = 2cos” x — 1 used or written down in the same variable.

+ cos2x

‘This can be implied by cos®x = or 4cosx —2+2cos2x or cos24 =2cos’ 4

“ M1: Attempts [ to give any two of £4 —> £ Ax, £Bcosx —> +Bsinx or £Acos2x — £ usin2x.
Do not worry about the signs when integrating cos.x or cos 2x for this mark.
Note: "(hzmsx)

Il+4mslx is ok for an attempt at [ )",
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2sin2x 2sin2x

14AL: Correct integration. Eg. 3x — dsinx + or x—dsinx + +2x oe.

3 ddM1: Depends on both of the two previous method marks. (Ignore 7).
Some evidence of substituting their x ST" and their x :% and subtracting the correct way round.

You will need to use your calculator to check for correct substitution of their limits into their integrand if a
candidate does not explicitly give some evidence.

Note: For correet integral and limits decimals gives: ((18.3060...) - (0.5435..)) =17.76257 = 55.80
2 AL: Two ferm exact answer of cither (47 +3Y3) or 47* + 3743 or equivalent.

Note: The 1 in the volume formula is only required for the BI mark and the final Al mark.
Note: Decimal answer of 58.802... without correct exact answer is A0,

Note: Applying [(1 - 2cosx) d

sually be given no marks in this part.
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Question

et Scheme Marks
40 _G-0) [ [ 125
X - = 40 = |2car o a0= | ar
8@ {d' 25 3o s 3o Bl
“in(0-3) 7él {+¢} or ~In(3-0) :%1 ) See notes. | M1 AL
1
In(0-3)=-—r sc
(0-3) =15
e - Correct completion
0-3= ¢ o e to = Ac ™13,
0= 443 Al
141
() See notes. | M1: Al
Substitutes 6= 10 into an equation
of the form 0= Ac™*™ +3, | M1
or cquivalent. See notes.
Cortectalgebra to 0008 = Ink. |
where kis a posiive value. See mofes.
1.,[%]
= 77.3799... = 77 (nearest minute) awrt 77 | Al

~0.008)

151
9
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8.(a)

Note: This part appears as MI M1 A1 Al on ¢PEN, but is now marked as BI M A1 Al.

BI: Separates variables as shown. d@and dr should be in the correct positions, though this mark can be

implied by later working. Tgnore the integral signs.

MI: Both £21n(3-0) or 21(0-3) and  ur where 2 and 4 arc constants.

AL: For —In(0-3) :é, o —In(3-6) ,é, or —125Ia(0-3) =1 or —125In(3-6) =
Note: -+c is not necded for this mark.

AlL: Correct completion to 0 = A¢ ™ + 3. Note: +c is needed for this mark.

1 -
—<t +c leadingto 0-3=¢ = +& or H-3

Note: In(0-3)
125

¥+ 4, would be final A0.

1
[
125

Note: From ~In(0-3) :él +c.then In(0-3

=0-3=c® " or -3 = 0= +3 is required for Al.

Note: From —In(3-6) :é: +c, then In(3-0) = %1 +e

=3-0=¢™ "or 3-0=¢Fe = 0=4c""+3 is sufficient for AL

Note: The jump from 3 - 6 = Ae to 6= Ae "™ +3 is fine.

 is also acceptable.

Note: |n(.971):,é: 4 = 0-3=A¢ ™, where candidate writes A=
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8.0)

Note: This part appears as BI M1 M1 M1 Al on ePEN,
butis now marked as M1 A1MI M1 AL

Note: You can recover work for part (b) in part (a).

MI: Substitutes 0 =16, 1 = 0, into either their equation containing an unknown constant or the printed
equation. Note: You can imply this method mark.

Al: A=13. Note: 6=13¢""" +3 without any working implies the first two marks, MIAI.

MI: Substitutes 6=10 into an equation of the form 6= Ae*™* + 3, or equivalent.

where A is a positive or negative numerical value and A can be equal to 1 or -1.

Uses correct algebra to rearrange their equation into the form ~0.008t = Ink ,

where kis a positive numerical value.

Al: awrt 77 or awrt | hour 17 minutes.

wative Method 1 for part (b)

Lao-[La = -me-3-L e
e s s

MI: Substitutes 1=

R
(=0.0=16=) (163 =150 +¢ into—In(6 - 3) =

_ s
sl Al c=-hnl3
“In(0-3) =t ~Inl3 o In(6@-3) =~z +Ini3
s s
MI: Substitutes 0 =10 into an cquation of the
~In(10-3) :% i3 form 21n(6 - 3)

where 2, 4 are numerical values.
MI: Uses correct algebra to rearrange their
equation into the form £0.008¢ = InC ~In D,
where C, D are positive numerical values.

77 (nearest minute) Al awrt 77.
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MI: Substitutes 1=0,6 =16,

{1=0.0=16=} -6 =

into-In(3-0) =t +c
=c=-hl3 125

Al: c=-Inl3
0=t i3 o - = <o a3
MI: Substitutes # =10 into an equation of the

4..(140):%1 “In13 form £21n(3 - 0)

where 2, 4 are numerical values.
, MI: Uses correet algebra to rearrange their
W3-ln7 = ¢ equation into the form £0.008¢ = InC - In D),
125 where C, D are positive numerical values.

1= 77.3799... = 77 (nearest minute) Al: awrt 77.
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8.(6)

Alternative Method 3 for part (b)
L= La
) 125

-ip-of}? <[]

MIAL: Inl3
MI: Substitutes limit of =10 correctly.
~In7--In13 :é: MI: Uses correct algebra to rearrange their own
equation into the form £0.008¢ = InC ~In D,
where C, D are positive numerical values.
77 (nearest minute) AlL: awrt 77.

= 77.3799...

Please escalate responses to review for candidates achieving 77 where you are not convinced of the
method or if 77 is achieved and there are errors in working.
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Question

o Scheme Marks
x 0 0s 1 L5 2
3
y 1 281 g 12502 | 26585
@ | {Atx=1}y=6 (allow 6.000 or even 6.00) Bl cao
m
© | L Bloe
2
{1+ 26.585+2(2.821+ their 6+ 12.502)} For structure of { MIALf
;ms(nzﬁsnnz(z 821+ 6+12.502 )} {= £(70.231) =17.557..} = awrt 17.56 Al
“@
© | 1041756 =<27.56” it
m

16] |
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Question

Quoston Scheme Marks
L@ 1=A(3x-1)" + Bx(3x-1)+ Cx Bl
x50 (1=4) Mi
x>t 1=1C = €=3 any two constants correet | A1
Coefficients of x*
0=94+38 = B=-3 all three constants correct | Al “@
®6) 1 ax
x 3x-1 (3x—|)
—lnx——m(zx 1)+( o8 (Bx-1)" (+C) MI AIftAlft
1
~In(3x-1)-— (+C)
()3 (0]
Mi
Mi
Al (6

110}
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Question

Nombor Scheme Marks
4. Can be implied. Ignore integral signs | B1
MI Al
Mi
orequivalent | Al )

151
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Question

oshor Scheme Marks
(@)
., x T 2 3 Z) i
- B In2 V2in4 | 6 2In§.
06931 | 19605 | 3.1034 | 4.1589
x1(..) Bl
= .. (0.6931+2(1.9605+3.1034) +4.1589) Ml
=%xl4.97989 749 749ca0 |Al “@
251
Zx*J‘*x x—dx MI Al
R
:zx—*lnh—fzx?dx
3 3
:gx?ln;'_x—" (+€) MIAL (4
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(© [zx‘lnle— ] [3491..8—4 “]—(zmz—i)
3 90 1,75 9 37779

[ Mi
=(16ln2~ Using or implying In2" =nln2 | M1

36y, 8 Al &)
3 9

n
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Marks

Question
Number Scheme
2@ | [xsindear = 7§xcos3xf‘[7%owslx fa} MI Al
Lrcosav+ Leinde s o} Al
3 9
131
® I 2 cos3x dv %x’sinhfj ixsm]x(dx) M1 Al
1 21 .
= Eesinge-2(~Lreostes Join3e) (v} Al isw
3 3073
2 2
sindc s Srcosdr - Zsindx {o) Ignore subsequent working Bl
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(@)

®)

MI: Use of “integration by parts’ formula v — [vu' (whether stated or not stated) in the correct direction,

where u=x - u’

and v'=sin3x — v = kcos3x (seen or implied), where K is a positive or negative
constant. (Allow k =1).

‘This means that the candidate must achieve x(kcos3x) — " (keos3x), where k is a consistent constant.

If x*appears after the integral, this would imply that the candidate is applying integration by parts in the wrong
dircction, so MO.

Al 7%xoosle‘|‘ %ms;x {dx}. Can be un-simplified. Iznore the {dx}.
J T R S —

MI: Use of “integration by parts’ formula v — [vu' (whether stated or not stated) in the correct direction,

where = x* — = 2x or x and v'= cos3x — v = Asin3x (scen or implied), where 4 is a positive or
negative constant. (Allow A=1).

¥

‘This means that the candidate must achieve x*(Zsin3x) _" 2x(Asin3x), where i =2x

or x*(Asin3x) 7Ix(lsmlx) . where u’

If x* appears after the integral, this would imply that the candidate is applying integration by parts in the wrong,
direction, so MO.
Al %x smhf‘[%xsmlx{dx) . Can be un-simplified. Tgnore the {dx}.

Al lxlsmlx%[ !cosivs

3 9
You can ignore subsequent working here.
‘Special Case: If the candidate scores the first two marks of MIAL in part (b), then you can award the final A1

2 iheir follow through part(a) answer).

in]x) with/without + ¢, can be un-simplified.

as a follow through for %x’ sin3x

B
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Marks

Number
. Useof =xy’ dx. | BL
k(3 +4) [ M1
(3 +4) | ar
Substitutes limits of 2and 0 | 1\

and subtracts the correct way round.

Lring or Zzin2
3 3
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'NOTE: 7 s required for the BI mark and the final AT mark. It is not required for the 3 intermediate marks.
BI: Forapplying 7[y*. Ignore limits and dx. This can be implied by later working,

2

but the pi and ! 3 must appear on one line somewhere in the candidate’s working.
i

27
BI can also be implied by a correct final answer. Note: x(j y) would be BO.

Working inx
MI: For + kln(3x* +4) or tkln(x’é-

4

)whc«kislomsunlmdkcnnbe L

Note: MO for + kxln(3x" + 4).
Note: M can also be given for ﬂln(p[]x! +4)), where kand p are constants and k can be 1.
AL: For 21n(3¢* +4) or 11n( (3¢ +4)) or inf x4 2) or Lin(pa +4))
) 33 3 3)73 )
1(x), 3 1(2x), e
Youmay allow M1 Al for 2| = |In(3x* +4) or - == |In(3x" + 4)
3lx 3lex
AM1: Substitutes limits of 2 and 0 and subtracts the correct way round. Working in decimals is fine for dM1.
167

Lnar, 2rm2, 2indt, 7in2t, Lowf 1), 2rma) 260 | crc.
3 3 3 \4 4

Al: For cither %xlnA

Note: %x{lnlé In4) would be AQ.

Working in u: where u=3x"+4,
MI: For £ klnu where k is a constant and k can be 1.

Note: MI can also be given for  kln(pu), where k and p are constants and k can be 1.
1

Al FM%l.nu or ~In3u or %mm.

3
dM1: Substitutes limits of 16 and 4 in u or limits of 2 and 0 in x and subtracts the correct way round.
Al: Asabove!
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Question

N Scheme Marks
6.(2) | 073508 Bl cao
m
®) | Area =%X%:>{002(lhelrﬂ.ﬂ5080l.l7|57+|.02280)fﬂ] BI ML
:%x 5.8589.. = 1.150392325... =1.1504 (4 dp) awrt 11504 | Al [3]
du
u=1+cosx} = L= ginx
@ | 1= 5 B
Zsindx g | [2Qsinxeosy) 4, sin2x = 2sinxeosx | BI
I+ cosx) I+ cosx)
:Ia(u—n iy {: 4 [0 M1
n u
:AJ-[Lfl]du:A(lnufu)fr am
u
4In(1+ cosx) — 4(1+ cosx) +¢ = 4n(1 + cosx) - dcosx + & AG [Al eso [5]
. x
@ |= l:dln(l + ms—”] 74wsE:|7[4|n(l+ c0s0) - 4cos0] Applying limits x =7 and | |\
2 2 x=Oeither way round.
= [4In1-0]-[4In2-4]
+4(1-n2)or
= 4-4in2 {= 1227411278..} £(4-4In2) orawrt 212, | Al
lowever found.
Ertor = |(4 - 41n2) - 1.1504..] awrt £0.077
Al
0.077 (256) orawt £6.3(%) | A1 0 Bl

12
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B1: 0.73508 correct answer only. Look for this on the table or in the candidate’s working.
BI: Ouside brackets 2x% or 2= or awrt 0,196
T

MI: For structure of trapezium rule] ..
Al:_anything that rounds to 1.1504
Bracketing mistake: Unless the final answer implies that the calculation has been done correctly

]: (0 can be implied).

Award BIMOAO for %x% +2(their 0.73508 + 1.17157 + 1.02280) (nb: answer of 6.0552).

Award BIMOAO for %x% (0+0)+ 2(their 0.73508+ 1.17157 + 1.02280) (nb: answer of 5.8589).

Alternative method for part (b): Adding individual trapezia
7_[0+0.73508 0.73508+1.17157 1.17157+1.02280  1.02280+ 0
Area = Zox| Z 3 + 5 +=

]: 1.150392325...

BI: %undudiv:smof2mulllem|s de brackes.

MI: One of first and last ordinates, two of the middle ordinates inside brackets ignoring the 2.
Al:_anything that rounds to 1.1504
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Notes
BI:6

BI: for using +x0.5 or & or equivalent.

MI: requires the correct.....} bracket structure. It needs the first bracket to contain first y value plus last
 value and the second bracket to be multiplied by 2 and to be the summation of the remaining y values in

the table with no additional values. If the only mistake is a copying error or is to omit one value from 2nd
bracket this may be regarded as a slip and the M mark can be allowed (An extra repeated term forfeits the

M mark however). MO if values used in brackets are x values instead of y values

AIft: for the correct bracket {.....} following through candidate’s y value found in part (a).

AT for answer which rounds to 17.56

NB: Separate trapezia may be used: BI for 0.25, M1 for 1/2 h(a + b) used 3 or 4 times (and Alftif it is all
correct ) Then Al as before.

Special case: Bracketing mistake 0.25x (1 + 26.585)-+ 2(2.821 + their 6+12.502) scores BI M1 A0 AQ

unless the final answer implies that the calculation has been done correctly (then full marks can be given).
An answer of 49.542 usually indicates this error.

BIft: 10 + their answer to part (b)
(May be obtained by using the trapezium rule again with all values for y increased by 5)
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6.(c)

BI: For seeing, applying or implying sin2x = 2sinxcosx.

MI: After applying substitution candidate achieves + k I("

Allow MI for “invisible” brackets here, eg: % J‘“‘"l) (du) or J‘w(du)uwhcm Aisa

u
positive constant.

dMI: An attempt to divide through each term by u and tk“-(l 71)4.4 — £ k(Inu - u) with/without
u

+ ¢ Note that this mark is dependent on the previous M1 mark being awarded.
Alternative method: Candidate can also gain this mark for applying integration by parts followed by a
correct method for integrating In. (See below).

Al: Correctly combines their +cand " ~4 " together to give 4In(1 + cosx) — dcosx + k

As a minimum candidate must write either 41n(1+ cosx) = 4(1+ cosx) + ¢ — 4In(1 + cosx) - dcosx + k
or 4ln(1+cosx) — 4(1+ cosx) + k= 4In(1 + cosx) — dcosx + k

Note: that this mark is also for a correct solution only.
Note: those candidates who attempt to find the value of k

isually achieve AQ.
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MI: Substitutes Iimnsofx:% and x= 0 into {4In(1 + cos.x) — 4cosx} or their answer from part (c) and

subtracts the cither way round. Note that: [un[l + oosg] - 4oos§] ~[0] is Mo.

Al: 4(1-1n2) or 4-4In2 or awrt 1.2, however found.

“This mark can be implicd by the final answer of cither awrt +0.077 or awrt £6.3
Al: For cither awrt 0.077 or awrt 6.3 (for percentage error). Note this mark is for a correct solut
only. Thercfore if there if a candidate substitutes limits the incorrect way round and final achieves (usually
fudges) the final correct answer then this mark can be withheld. - Notc that awrt 6.7 (for percentage error) is
A0
Aliernative method for dM1 in part c)
J‘("") du :((Ifu)lnufj- Inudu]:((lfu)lnn +ulnu 7J-£du): ((A=w)lnu + ulnu - )

u

u

o _"Mm:[(u,nh.‘,'[u.ud.,):[(u,mw,[m

So dM1 is for J’“;—")du going to ((1-u)lnu +ulnu —u) or ((u=Dlnu —ulnu+u) oe.
Alternaive method for part (d)
MIAL for {4I [i - 1] du = }4 [inu—u], = 4[(1n1-1) - (In2-2)] = 4(1- n2)

%du]]: (@=Dlnu—ulnu +u)

u

Alternative method for part (d):_Using an extra consiant A from their integration.

[""[' N msz]

J is usually —4., but can be a value of k that the candidate has found in part (d).
Note: The extra constant 7 should cancel out and so the candidate can gain all three marks
‘method, even the final Al cso.

4cns§ + A] ~[41n(1 + cos0) - 4cos0 + 4]
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Question

Number Scheme Marks
8.(a) |1=AG-P)+BP Can be implied. | M1
Either one. | Al
ine £ 4
iy
eiving 5+ See notes. | Al cao, aef
131
! daP Ld’ Bl
® PG-P) s
1 1 1 Mi*
—InP-—In(5-P)=—1 (+¢]
PG -P) =t (+e) Alft
fr=0.P=1} émféum:on {j c:%m} ami+
Using any of the
subtraction (or addition) | 41+
laws for logarithms
CORRECTLY
Eliminate In’s correctly. | dM1*
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gives 4P =S¢ - Pt = P4+ et)= se

5et (#e{') .
P= — — Make P the subject. | dM1*
@+ =)
or P=
(5+20e¥) Al
181
© 144¢¥>1 = P<5. Sopopulation cannot exceed S000. Bl
1
12
@ MI: Forming a correct identity. For example, 1= A(5 — P) + BP . Note A and B not referred to in question.

1

Al: Either one of A=_ or B=.
5 5
1 N . 1
Al: £+ —— orany equivalent form, eg: — + . ete. Ignore subsequent working.

PG-P) 5P 25-5P
‘This answer must be stated in part (a) only.

Al can also be given for a candidate who finds both A:é and B=

working.
1 3
Candidate can use ‘cover-up’ rule to write down = + —<— as so
P G-p)

Candidate cannot gain the marks for part (a) in part (b).
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8.(b)

BI: Separates variables as shown. dPand dr should be in the correct positions, though this mark can be
implied by later working. Ignore the integral signs.
MI*: Both +A1n P and + gln(x 5+ P), where 4 and 4 are constants.

Or +AInmP and £ gln(n(£ 5 £ P)), where A, ¢, m and n are constants.

Alft: Correct follow through integration of both sides from their J’% ‘G “P) = |Kd

‘with or without +¢
AM1*: Use of r=0and P =1 in an integrated equation containing ¢

dM1*: Using ANY of the subtraction (or addition) laws for logarithms CORRECTLY.
dM1*: Apply logarithms (or take exponentials) to eliminate In's CORRECTLY from their equation.
dM1*: A full ACCEPTABLE method of rearranging to make P the subject. (See below for examples!)

{wherea=5,b=1,c=4}.

25
(5+20e7)

Note: If the first method mark (M1%) is not awarded then the candidate cannot gain any of the six
remaining marks for this part of the question.

Note: [ —ar = [150 = [2+—_ap= [15¢ = wP-ws-p)=15 isBoMIAIR
PG-P) P G-p)

0 allow any “integer” multiples of this expression. For example: P =
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SMI_for masing ¥ fhe subject
Note there are three type of manipulations here which are considered acceptable to make P the subject.

(1) M for %:e‘»‘ap:&tk‘v‘ = Pl+e¥)=5" =P =

@ Mifor L —er 3P L5
E ?

(3) Ml for P(5— P)=dc¥ = P* - 5P

Note: The incorrect manipulation of 1 or equivalent is awarded this dMO*.

5-P s

Note: (P)-(5-P)=¢” = zpfs%: leading to P=... or equivalent is awarded this AM0*

BI: 1+4¢¥>1 and P<5 and a conclusion relating population (or even P) or meerkats to 5000.

For P=—2 . Blcanbeawarded for 5+20c ¥ >5 and P<5 and a conclusion relating
(5+20e)

population (or even P) or meerkats to 5000.

BI can only be obtained if candidates have correct values of a and b in their P = —=

Grech)
Award BOfor: As 1o, e™ 50, So P ﬁ =5, so population cannot exceed 5000,
v
‘unless the candidate also proves that P = % oe. is an increasing function.
Urac?)

If unsure here, then send to review!
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Alternative method for part (b}

BIMI®AL: as before for %InPféln(SfP):%r (+e)
Award 3 Mlfor
Award 4* M1 for

Award 2% M1 for

then award the final M1A in the same way.
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Question

Number Scheme Marks
(a) 0.0333, 1359 awrt 0.0333,
4 13596 BIBI ()
1
() Arcz(R):—x—[ ] Bl
. [o+z(n.nzxz+o.3240+1.3596)+3.9zm] Ml
~130 Aceept | 5 @
13
© .,:xuz:%:z; Bl
Area(R) =[x In(x +2)dx Bl
[¥In(x*+2)de=[xIn(x* +2)xdx = [(u-2)(Inu)+du M1
N T
Hence Arca(R) =3, (u=2)lnucu * Al @

cso
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Question

N = Marks
4 (4+3)

o |@ Jlareytes (f)(g (+€) o
[E

(b)

Using (-2,1.5) %(M.sﬂ)f;

leading to

Jaat- e

Jay 3 dy= [ dx

c=1
1 ,
S@r+3)=
(4y+3)

(4p+3)f=2-2

x

or equivalent

Bl

Ml

Al

Al ©®

181
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‘Question

Number Marks
10. () M1
Either
Substitute x = 1 to give %’ 2418-30=0 | Solve :xl: 126 +18x-30=0togivex= | A
So turning point (all correct work so far) | Deduce x = 1 from correct work “‘é")
(®) oy -
Way1 | Whenx=1 y=4+9-30-8=-25 Bl
Area of triangle ABP = +x1x25=125  (Where Pis at (1, 0)) BI
Way 1[5 + 95 =308 =x* + 22 - 225 g o) or 43 -15¢ -8 {+f [ MIAL
' 1 1y
[x+3x - 155 -8x] | =(1+3-15-8) - [(,,] +3[,,) 715(
1 4 4. a1
—(-19 -2 o _19-102
256
So Arca ="their 12.5"+ "their20 =" or“12.5"+20.02" or“I125"+ "their 22 | dam1
256 256
Al
=3252 OT -32.52
(N ) ™
[10] |
Less cfficient alternative methods for first two marks in part (b) with Way 1 or 2
For first mark: Finding equation of the line AB as y = 25x - 50 as this implies the 25 | B
For second mark: Integrating to find triangle area
S(h} 50437.5=-125 soarea s 125 Bl

‘Then mark as before if they use Method in original scheme
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Question

Number Scheme ‘Marks
3.
5 A B
@ GT)Ere2) 71 3xe2
5=A(3x+2)+B(x-1)
x>l 5=54= A=1 M1 A1
A 3)

—n(x-1)-ln(3r+2) (+C)

fi constants

M1 A1ft A1t

3)
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s
e
In(x

©

Using (2,8)

[
¥
~1)-In(3x+2)=lny (+C)
_K(x-) depends on first two Ms in (c)
3x+2
K
5 depends on first two Ms in (¢)

M1 A1

M1 dep
M1 dep

Al

)

2]
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Question

R Scheme Marks
7.
@ x=3 = y=01847 awrt | Bt
x=5 = y=0.1667 awrtor & | B1
@
(b) l=%[o.zm.mﬁ7+2(n.|s47+0.1745)] B1 M1 A1ft
~0.543 0542 0r 0543 | A )
dr
K o(u-4
©| g =24 81
;dx*“.lxl(uftl)m w
4+(x-1) u
:J'(ZfﬁJdu Al
u
=2u-8lnu M1 A1
¥=2=u=5, x=5 > u=6 81
[2u-8Inu]’ =(12-81n6)~(10~81n5) m
:z+x|..(5] A
6
8)

[14]
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Question

Question Scheme Marks
L@ ,{%):l.zzn, y(%):l.llxﬂ acceptawrt4dp. |BIBI (2
b)) l=(%)(l.3229+2xl.2247+1) BI for 6 BIMI

~1249 cao | Al
i) l=(;'—4](1.3229+2x(1.2973+1.zz47+1.1lxo)+l) Bl fnri BIMI
~1257 cao |Al ©)

181
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Question

eshor Scheme Marks
2. Bl
MI Al
fisign error | Alft
or equivalent with u | M1
cso | AL ©

161
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Question

eshor Scheme Marks
6. |@ £(6)=4cos’ - 3sin’
:4(%%:%2.9)73[%7%%2.9) MIMI
L o0 % o | AL [6)
272
[
(b) IBmZﬂM—iﬂsndﬂfi-“stGM MIAL
%Hslnlﬂi»%cosZG Al
[P
[01(0)d0=20"+ Losin20+ L cos20 MIAL
4 T2 8
z0-1 —[0+0+Z] M1
16
2 7
s Al )
16 4 ”

110}
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Question

Number Scheme Marks
@ (a) 1.386,2.291 awrt 1.386,2.291 |B181  (2)
) Bt
(0+2(0.608+1.386+2.291+3.296+4.385) +5.545) m
= 0.25(0+2(0.608-+1.386+2.291+3.296+4.385)+5.545) ft their (a) | A1ft
=025%29.477 .. x7.37 cao | A1 )
x 1
Inxdr="lnx- [ Tuzdr —| M1 A1
©@) [xInx S fz <
:—lnx—J'iAx
2 2
b M1 AL

:Tlnx—§ (+C) L
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a=64,b=-15

M

M

At

@
131





image12.png
(®)
Way2

‘Way 2: Those who use area for original curve between -1/4 and 2 and subtract area
between line and curve between 1 and 2 have a correct (long) method .

The first BI (if y=—25 is not seen) is for equation of straight line = 25x— 50

The second BI may be implied by final answer correct, or 4.5 seen for area of “segment
shaped” region between line and curve, or by area between line and axis/triangle found as 12.5
I(u‘ 4 9% _S5x+42)de=x' +;r‘ - %sz {+¢} (or integration as in Way 1)

The dM1 is for correet use of the different correct limits for each of the two areas: i.c.
—(16+24-60-16) - [J) +3(J] 715[71]13(71]
3 3 3 3

+42:]i =16+24-110+84—(1+3-275+42)

[ 430 - 15x7 -8x]

So Area~their [x'+3x’ ~15¢~8x]’, minus their |:x‘ 4;1‘ - 55%+4Zl:|f

ie. "their 37.0195"~"their 4.5"  (with both sets of limits correct for the integral)
Reaching = 3252 (NOT -3252)

See over for special case with wrong limits

Bl

Bl
MIAL

ddM1

Al
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Question

Number Scheme arks
@ ) f"““dx:ﬂwﬁ)m M
x x
=9x+6Inx (+C) At @)
() j L j Nt g, Integral signs not necessary | B1
ox+6,
[yiay= f

9x+6lnx (+C) +hy? = their (a) | M1

537 =9x46inx (+0) fitheir (a) | Atft
=8, x=1
3
38 =9+6mn1sC m
C=-3 A1

5 ,é(onsmxa)

6x+ainx-2) (=8(3r+2Inx-1)) A ®)
81
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Question
Number

Scheme

Marks

Q8

x=v2 22 =2cosu = u:%

z
x=l=>1=2e0su = u=7

B1

M

M

M

M

M

At

@
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(b)

M

167 integral in (a) | M1

167 their answer to part (a) | Atft

@)
[101
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NB: Those who attempt curve — line wrongly with limits —1/4 to 2 may carn MIA1 for
correct integration of their cubic. Usually e.g. MIAL

I(Ax‘+9x' ‘+§,\)7%+42x(+c)

(They will not eam any of the last 3 marks)
‘They may also get first BI mark for the correct equation of the straight line (usually seen
but may be implied by correct line —curve equation) and second BI if they also use
limits 1 and 2 to obtain 4.5 (or find the triangle area 12.5).

S5r+42)d

(@

®)

Notes
MI: Attempt at differentiation - all powers reduced by 1 with 80 .
Al the derivative must be correct and uses derivative = 0 to find x or substitutes x = 1 to give 0. Ignore
any reference to the other root (~5/2) for this mark.
Aleso: obains x = | from correct work, or deduces tu
a preamble e.g. dy/dx =0 at T.P.)
N.B. If their factorisation o their second root is incorrect then award Alcso.
If however their factorisation/roots are correct, it is not necessary for them to comment that ~2.5 is outside
the range given.

'g point (if substitution used — may be implied by

y=-25 when.x = | (may be seen anywhere — even in (a)) or finds correct equation of line is
y=25¢-50

BI: Obtains area of triangle = 12.5 (may be seen anywhere). Allow ~12.5. Accept +x1x25

MI: Attempt at integration of cubic; two correct terms for their integration. No limits needed

Al: completely correct integral for the cubic (may be unsimplified)

dMI: We are looking for the start of a correct method here (dependent on previous M). It i for
substituting | and -1/4 and subtracting. May use 2 and -1/4 and also 2 and | AND subtract (which is
equivalent)
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ddMI (depends on both method marks) Correct method to obtain shaded area so adds two.

positive numbers (areas) together — one is area of triangle, the other is area of region obtained from
integration of correct function with correct limits (may add two negatives then makes positive)

‘Way 2: This is a long method and needs to be a correct method

BI: Finds y=-25 at x=1 ,or correct equation of line is = 25x — 50

BI: May be implied where WAY 2 is used and final correct answer obtained so award of final Al results
in the award of this BI. It may also be implied by correct integration of line equation or of curve minus
line expression between limits 1 and 2. So if only slip is final subtraction (giving final A0, this mark may
still be awarded) So may be implied by 4.5 seen for area of “segment shaped” region between line and
curve.

MI: Attempt at integration of given cubic or after attempt at subtracting their line equation (o limits
needed). Two correct terms needed

Al: Completely correct integral for their cubic (may be unsimplified) — may have wrong coefficients of
x and wrong constant term through errors in subtraction

dMI: Use limits for original curve between -1/4 and 2 and use limits of 1 and 2 for area between line
and curve- needs completely correct limits— see scheme- this is dependent on two integrations

ddM1: (depends on both method marks) Subtracts "their 37.0195"~"their 4.5" Needs consistency of

signs.
Al: 3252 0rawrt 32.52 cg. 12% NB: This correct answer implies the second B mark

(Trapezium rule gets no marks after first two B marks) The first two B marks may be given wherever
seen. The integration of a cubic gives the following M1 and correct integration of their cubic

_[(4;&9;6 At Bydy =yt %9 +%+Bx{+ ¢} gives the Al
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‘Question
Number

Marks

)

7

1 i
Ixlor+
Outside brackets 5 x1 or =

For structure of trapezium
el

Al cao

575 [Aleao
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Question 2 Notes

(@

®)

©

Al
Note
Special
case:

Common

AL

For 7 only,

Forusing 4x1 or 4 or equivalent.
Requires the corret ...} bracket structure. It needs the 7.5 stated but the 0 may be omitted. The
inner bracket needs to be multiplied by 2 and to be the summation of the remaining  values in the
table with no additional values.

Ifthe only mistake is a copying error or is to omit one value from 2nd bracket this may be regarded
asaslipand the M mark can be allowed ( An extra repeated term forfeits the M mark however
(unless it is 0)). MO is awarded if values used in brackets are x values instead of y values

For 20.75 or fraction equivalent e.g. 203 or %

NB: Separate trapezia may be used : BI for 0.5, M1 for 112 ha + b) used 3 or 4 times Then Al
as before.

Bracketing mistake 0.5x(7.5 +0)+ 2( their 7+ 6 + 4)scores BI M1 A0 unless the final answer
implies that the caleulation has been done correctly (then full marks can be given). An answer of
37.75 usually indicates this error.

Many candidates use 4 g and score BO Then they proceed with {7.5+2((their 7" + 6 +4) + 0}
and score M1 This usually gives 16.6 for BOMIAQ
their answer to (b) — area of triangle with base 4 and height 7.5 or alternative correct method

e, their answer to (b) — 1[7 57?1 (Even if this leads to a negative answer) This may be
implied by a correetanswer or by an answer where they have sublracted 15 from their answer o
part (b). Must use answet (0 part b).

5.75 or fraction equivalent c.g. 53 or
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Question
oo Scheme

7.()

Both terms correctly integrated |

()

Sets y= 0, in order (o find

Applies the limit 9 on an integrated
function with no wrong lower limit

(25 )28 s I
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Question 7 Notes

(@) M1 Either3x - £ Ax* or x* > 4 ux®, 4, y#0
1AL | Atleast one term correetly integrated. Can be simplified or un-simplified but power must be
simplified. Then sw.
- Both terms correctly integrated. Can be un-simplified (as in the scheme) but the n-+1 in cach
AL | denominator and power should be a single number. (e.g. 2 —not 1+1) Ignore subsequent work if’
there are errors simplifying. gnore the omission of “+ ¢ Ignore integral signs in their answer.
(b)
M1 is followed by x =+3)
Just seeing x =+/3 without the correct x* =3 gains MO, May just see x = 9.
Use of trapezium rule to find area is MOAO as henee implies integration needed.
aamp | This mark s dependent on the two previous method marks and needs both 1o have been awarded.
‘Sees the limit 9 substituted in an integrated function. (Do no follow through their value of x) Do
ot need 1o see MINUS 0 but if another value is used as lower limit ~ this is M.
This mark may be implied by 9 in the limit and a correct answer.
A | B s
10
Common | Common Error 0=3x—x* = x* =3s0x=3
Error

Then uses limit V3 etc  gains M1 MO A0 so0 1/3
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Question

Question Scheme Marks
May mark (a) and (b) ogether
6.@) | Expands to give 10x* BI
MIALR
Integratesto give ;- x
P Aleao
Simplifies o 4+% ~10x° (+ ¢) @
(®) | Use lmits 0 and 4 cther way round on their integrated function (may only sce 4 substituted) || M1
Use limits 4 and 9 either way round on their integrated function dmi
Obains cither £ 32 0r £ 194 neads teast ne ofthe previous M marks fo his o b awarded | AL
(Soarea=|[ ydx|+ [ydx ) ie.32+194,226 "“M‘f;‘)

1
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Notes
() BI: Expands the bracket correctly
MI: Correct integration process on at least one term after attempt at multiplication. (Follow correct expansion or

one slip resulting in 10x* —20x where k may be £ or £ or resulting in 10x* ~ Bx, where B may be 2 or 5)

so x> or x5 or xf 5 X andlor x5
7 % % 2

Al: Correct unsimplified follow through for both terms of their integration. Does not need (+ ¢)

A1: Must be simplified and correct- allow answer in scheme or 4x°* —10x*. Does not need (+ ¢ )

(b) M1: (does not depend on first method mark) Attempt to substitute 4 into their integral (however obiained but
‘must not be differeniated) or secing their evaluated number (usually 32) is enough — do not need to see
minus zero.

dM1: (depends on first method mark in () Atiempt to subiract cither way round using the limits 4 and 9
Ax9t — Bx9* with Ax4F — Bx4%is enough — or secing 162 ( -32) {but not 16232 }
AL: At least one of the values ( 32 and 194) correct (needs just one of the two previous M marks in (b))
or may see 162 +32 + 32 or 162 + 64 or may be implied by correct final answer if not evaluated untl last line
of working
ddM1: Adds 32 and 194 (may see 162 + 32 + 32 or may be implicd by correct final answer if not evaluated until
st line of working). This depends on everything being correet to this point.
inal answer of 226 ot (- 226)

Ale

Common errors: 4x 4% ~10x4%+4x97 ~10x9* — dx4! ~10x4*
194 seen and final answer incorrect) then M0 A0 so 2/5
Uses corrt limits to obtain -32 +162 +32 = +/-162.is M1 MI Al (32 seen) MO A0 s0 35

162 obtains M1 M1 A0 (neither 32 nor

Special case: In part (b) Uses limits 9:and 0 =972~ 810 -0=162 MO M1 A0 MOAO scores 1/5
This also applies if 4 never seen.
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Question

hston Scheme Marks
x| 1 | 12s 15 | 135 | 2
114 | teor | 1803 | 2016 [ 3236
L) T.601 (May not be in the table and can
{Atx=125) y= L60I (only) score if seen as part of their working in | Bl cao
(b))
It
T BI;
37025 414 +2.236+2(their 1.601+1.803 + 2.016)} MIALR
AL for the correct expression
BI: for using +x0.25 or + Mi:Steture of | 3w followin through
2 8 { candidate’s y value found in
or equivalent

part (a).
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(b)

MI requires the correct structure for the y values. It needs to contain first y value plus last y
value and the second bracket to be multiplicd by 2 and to be the summation of the remaining
 values in the table with no additional values. If the only mistake is a copying error or is to
‘omit one value from ... bracket this may be regarded as a slip and the M mark can be
allowed (nb: an extra repeated term, however, forfeits the M mark). MO if any values used
are x values instead of y values.

Alft: for the comreet underlined expression as shown following through candidate’s y value
found in part (a).

Bracketing mistakes: c.g.

(%x%](lAM +2236)+2(their 1601+ 803 + 2.016)(=1129625)

[2 4)|AI4+ 2236+ 2(their 1601+ 1.803 + 2.016)(=13.25275)

Both score BI M1 A0 unless the final answer implics that the calculation has been done
correctly (then full marks could be given).

Alternative:
‘Separate trapezia may be used, and this can be marked cquivalently.

[% A1441.601)+ :;(l.6()1+l.KO]]4%(l.R()]+2.0I6]+%1ZAU|6+2.236]:|

BI for % (acf), M1 for correct structure, Ist Alft for correct expression, i their 1.601

[= $04.49)} = 181125 181 or awrt 181

Al

‘orrect answer only in (b) scores no marks
If required accuracy is not seen in (a), full marks can still be seored in (b) (e.g. uses 1.6)

[4] |

Total §
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‘Question

‘Scheme:

Number Marks
- MI: ¥
Al: Atleast one of ither = or
@G
[ Al s T o cquivaleat,
& oy 5@ By MIAIAL
e <+ - (hey will o the fnal mark
if they cannot deal with this correetly)
Notc that some candidates may change the function prior to integrating .2
’?+ %k’ 3¢’ +6dxin which case allow the M1 if x" — x"" for their changed
function and allow the M1 for limits if scored
avt

2 T 6) 247 716)

e

2™ AM1: For using limits of /3 and 1 on an integrated cxpression and subtracting the correct
way round. The 2 M1 is dependent on the 1* M1 being awarded.
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2 lR ‘,,,,%mlbsf-,
Allow cquivalent factions for  and/or b and

(9 1 ! I
Sl 33y 0.6 recurring and/or 0.1 recurring but do not | A1€%0
(A
allow 8232
9
“This final mark is cao and cso — there must have been no previous errors
Towl s

‘Common Errors (Usually 3 out of )

(TG s[5y Eppmene
{5 st - (R 2 (2o

P-no

()] - [@u} (4 ezt

] T

(e ,(L,L):z,ﬁm
% W) 33Ty
Note this is the correct answer but follows incorrect work.
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Question

Namber Scheme Marks
. <[ o 05 T 5 pl 25 3
s ] 25 1538 1 069 | 05
@ {Atx =15}y =1.538 (only) Bl cao
1
® 1 Los; Bloc
2
{5+0.542(4+ 2.5+ their 1.538 + 1+ 0.690)} For structure of { MIALft
1x0.5 x{ (5+0.5)+2(4+ 2.5+ their 1538 + 1+ 0.690)} {= 1(24.956) = 6.239) =awrt 624 | A1
141
© Adds Area of Rectangle or firstintegral =3x 4 or [4x]] to previous answer M1
So required estimate = {"6.239" + 12 = "18.239") ="awrt 18.24" (or 12 + previous answer). | Alft
NUB.7x 4+ previous answer is MOAO (added 4 seven times because 7 numbers in table) ]
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Notes for Question 4

@
®)

©

BI: 1538

BI: for using £x0.5 or £ or equivalent.

} bracket structure. It needs the first bracket to contain first y value plus last
y value and the second bracket to be multiplied by 2 and to be the summation of the remaining y values in
the table with no additional values. If the only mistake is a copying error or is to omit one value from 2nd

bracket this may be regarded as a slip and the M mark can be allowed ( An extra repeated term forfeits the
M mark however). MO if values used in brackets are x values instead of  values

MI: requires the correct

Alft: for the correct bracket following through candidate’s y value found in part (a).

Al for answer which rounds to 6.24.

NB: Separate trapezia may be used : BI for 0.25, M1 for 1/2 h(a + b) used 5 or 6 times (and A1t if itis all
correct ) Then Al as before.

Special case: Bracketing mistake 0.25x (5 +0.5)+ 2(4+ 2.5+ their 1.538 + 1+ 0.690) scores BI M1 A0
A0 unless the final answer implies that the calculation has been done correctly (then full marks can be
given). An answer of 20.831 usually indicates this error.

MI: Relates previous answer ( not integral of previous answer) to this question by integrating 4
between limits, and adding, or by using geometry to find rectangle and adding.

Alft: for 12 + answer to (b)

Atternative

©

Those who do a trapezium rule for part (b)- using the table from () with 4 added to each cell of the table
Get: M1 for "their §" {9 + 4.5+ 2(8+6.5+ their 5.538 + 5+ 4.690)} = (structure must be correct — allow

one copying error only)
And Alft: for awrt 18.24 (or 12 + previous answer).
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Question
Number

Scheme

Marks

9.

y=27-2x-0y% 18
7

(a)

6.272.3.634

Awrt in each case

case 6.27 and 3.63 scores BIBO

BL.BI

)

@
Bl

~{(0+0)+2(5.866

6.272"+5.210+"3.634"+ 1.856)} | Need [} or implicd

later for ALt

MIAIft

(0+ 0) may be implied if omitted and follow through their (2) and f(3) in an
otherwise correct expression and allow one missing or mis-copied term in the
2(....) bracket for the method mark

%ans(o +0)+2(5.866+"6.272"+ 5.210 + "3.634"+ 1.856)

Unless followed by an answer that implies correct (missing) brackets, scores
BIMIA0AO (Usually implied by an answer of 45.676)

%ans((o +0)+2(5.866+"6.272"+ 5.210+"3.634"+1.856)}

- Lasers
3

=11.42

cao)

Al

Separate trapezia may be used : B for 0.25, M1 for $/4(a+b)used 5 or 6
times (and A1ft all correct )

NB %x 0.5{(0+0)+2(0+5.866+"6.272"+5.210+"3.634"+ 1856 + 0)}

Scores BIMOAOAO
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Correct answer with no working scores 0/4

@)
ML: X" 3" on any term
[rde= 27x-x—65t wl6x (o) PALEEE MIAIAIAL
Al —6x
AL +16x"
‘Accept any correct and possibly unsimplified versions for the terms and mark
© | in this order on Epen
K “Attempt to subtract cither way
(27(4) —(4) —6(4) + 16(4)”) round using the limits 4 and 1.
Dependent on the previous ML May | g\
5 L be implied by 48 — 36 but you may
~(270-(0) ~6(° +160)") | necd tocheck both thel vaes i the
integration has errors.
—(@8-36)
1 Cao (Penalise -12) Al
(©)

112]
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Question Scheme Marks
number
7 (a) x 0 0.25 0.5 0.75
bl 1 1251 1.494 | 1.741 B1,BI
@
b BIL,MLAL ft
®) %xo.zs, {1+2)+2(1.251+1.494+1.741)} 0.
=1.4965 Al
@)

6 marks
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Notes'

(a) first B1 for 1.494 and second B1 for 1.741 ( 1.740 is B0 )
Wrong accuracy e.g. 149, 1.74 is BIBO

(b) B1: Need %2 of 0.25 or 0.125 o.e.

M1: requires first bracket to contain first plus last values and second bracket to include no
additional values from the three in the table. If the only mistake is to omit one value from

second bracket this may be regarded as a slip and M mark can be allowed ( An extra repeated
term forfeits the M mark however)

x values: MO if values used in brackets are x values instead of y values

ATft follows their answers to part (a) and is for {correct expression}

Final Al: Accept 1.4965, 1.497. or 1.50 only after correct work. (No follow through except one
special case below following 1.740 i
Separate trapezia may be used : B1 for 0.125, M1 for Lh(a+b)used 3 or 4 times (and Alft
ifitis all correct )

e.g. 0.125(1+ 1.251)+ 0.125(1.251+1.494) + 0.125(1.741 + 2) is M1 AD

equivalent to missing one term in { } in main scheme

Special Case: Bracketing mistake: i.e. 0.125(1+2) +2(1.251+1.494+1.741)

scores B1 M1 AD A0 for 9.347 If the final answer implies that the calculation

has been done correctly i.¢. 1.4965 (then full marks can be given).

Need to see trapezium rule — answer only (with no working) is 0/4 any doubts send to
review

Special Case; Uses 1.740 to give 1.49625 or 1.4963 or 1.496 or 1.50 gets, B BO
BIMIAIft then Al (lose | mark)

NB Bracket is 11.972
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Question Scheme Marks
number
6: (a)
X 1 15 2 25 3 35 4
v 16.5 7.361 4 231 1278 0.556 0 BL Bl
@
®) 1
3705 {(165+0)+2(7.361+4+2.31+1.278+0.556)} B1, MiATi
1.88 (or answers listed below in note) Al “)
(© “ 2
6.x 1&:[—5—5 x MIALAL
X x A
=[-4-4+4]-[-16-1+1] dami
= 114 or equivalent Al
5)
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Notes'

(a) Bl for 4 orany correct equivalent e.g. 4.000 B1 for 2.31 or 2310
(b) B1: Need 0.25 or % of 0.5
M1: requires firt bracket to contain first y value plus last y value (0 may be omitted or be at

end) and second bracket to include no additional y values from those in the scheme. They may
however omit one value as a slip.

N.B. Special Case - Bracketing mistake
%xn.s(l6.5+O)+Z(7.361+4+2.31+l.278+0.556) scores B1 M1 AD AQ unless the

final answer implies that the calculation has been done correctly (then full marks )
Alft: This should be correct but ft their 4 and 2.31
AL: Accept 118775 or 11878 or 11.88 only
(c) MI Attempt to integrate ie power increased by I or 1 becomes.x ,
Al two correct terms, next A1 all three correct unsimplified (ignore +¢)
(Allow —16x"' =0.25x" +1x or equivalent)
AMI (This cannot be carned if previous M mark has not been awarded) Uses limits 4 and 1
in their integrated expression and subtracts (either way round)
AL 1125 or 11 % or 45/4 or equivalent (penalise negative final answer here)

‘Alternative
Method for
®)

Separate trapezia may be used : B for 0.25, M1 for +h(a-+ ) used 5 or 6 mes (and ATftall
corect for their 4" and “2.31" ) final A1 for 11.88 etc. as before

Tn part (b) Need to use trapezium rule — answer only (s
doubts send to review In part (c) need to see integration

ith no working) is 0/4 -any
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Question

e o Scheme Marks
6.
@ 225 | 25 | 275 3
038 | 0.298507... | 0.241691... | 02
=030 (only) At least one y-ordinate correct. | B1
75 =024 (only) Both y-ordinates correct. | B1
@
Outside brackets 1x0.25 or + | B1 aef
For structure of { )| Mt
)| Lxo2s 1] 0.5+ 0.2+ 2(0.38-+ their 0.30-+ their 0.24)} Correct expression
2 T inside brackens whichallmust|
be multiplied by their “outside | A1
constant”.
L(254)) = awrt 032 awrt 032 | A1
“)
(©) | Area of triangle = = x1x02 = 0.1 81
Area($)="0.3175" - 0.1 M
2175 Al ft
(3)

91
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Question Scheme Marks
Notes
(6) | BI for using £x0.25 or £ or equivalent.

MI requires the correct .

bracket structure. This is for the first bracket to contain first y-
ordinate plus last y-ordinate and the second bracket to be the summation of the remaining y-
ordinates in the table.

No errors (eg. an omission of a y-ordinate or an extra y-ordinate or a repeated y-ordinate) are
allowed in the second bracket and the second bracket must be multiplied by 2. Only one copying
error is allowed here in the 2(0.38+ their 0.30 + their 0.24) bracket.

Alft for the correct bracket |.....} following through candidate’s y-ordinates found in part (a).

Al for answer of awrt 032

Bracketing mistake: Unless the final answer implies that the calculation has been done
correctly

then award M1A0AO for cither %XO.ZS %0.5+2(0.38+ their 0.30-+ their 0.24) + 02

(nbs: yielding final answer of 2.1025) so that the 0.5 is only multiplied by %XD.ZS

O $X0.25x(0:5 +02)+2(0.38+ their 030+ ther 04)
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(nb:yielding finalanswer of 2.1023) s that the 0.5 is only muldplicd by <025
or 2x025x(05 +02) (038 their 030+ their0.24)

(nb: yielding final answer of 1.9275) so that the (0.5 + 0.2) is multiplied by %xozsA

Need to see trapezium rule - answer only (with no working) gains no marks.
Alternative: Separate trapezia may be used, and this can be marked equivalently. (See
appendix.)

©

B for the area of the triangle identified as either %x 1x02 or0.1. May be identified on the
diagram.

MI for “part (b) answer” —“0.1 only” or “part (b) answer — their attempt at 0.1 only”. (Strict
attemptl)

Alft for correctly following through “part (b) answer” — 0.1. This is also dependent on the
answer to (b) being greater than 0.1. Note: candidates may round answers here, so allow ALftif
they round their answer correct to 2 dp.
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Question

o Scheme Marks
1. @235, 3.13, 401 (One or two correct B BO, all correct BI B1) | 181
Important: If part (a) is blank, or if answers have been crossed out and @
no replacement answers are visible, please send to Review as ‘out of clip”.
(b) %x 02 (or equivalent numerical value) B1
k{(1+5)+2(1.65+ p+g-+r)}, kconstant, k=0  (Seenotes below) | M1 A1
=2828  (awrt 2.83, allowed even after minor slips in values) A
The fractional answer % (or other fraction wt 2.83) s also acceptable. @

Answers with no working score no marks.
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(a) Answers must be given to 2 decimal places.
No marks for answers given to only | decimal place.

(b) The p, g and r below are positive numbers, none of which s equal to
anyof: 1,5,1.65,0.2,0.4,0.6 or 0.8
M1 AL k{(1+5)+2(1.65+ p+q-+r)}
M1 AO: kf(1+5)+2(1.65+ p+q)} or k{(1+5)+2(p+q+r)}
MO A0: k{(1+5)+2(1.65+ p + g +r+other value(s))}

Note that if the only mistake is to omit a value from the second bracket,
this is considered as a slip and the M mark is allowed.
1

Bracketing mistake: i.e. —x 0.2(1+5)+2(1.65+2.35+3.13+4.01)

instead of %x 0.2{(1+5)+2(1.65+2.35+3.13 +4.01)}, s0 that only

the (1+5) is multiplied by 0.1 scores BI M1 A0 A0 unless the final
answer implies that the calculation has been done correctly (then full
marks can be given).

Alternative:
Separate trapezia may be used, and this can be marked equivalently.
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Queson Scheme Notes Marks
3 x| 0 | 02 | 04 | 06 | 08 | 1 | Y- 6
3 v 2 | 1.8625426.. | 171830 | 1.56981 | 1.41994 | 127165 | Q2+e)
@ | {Atx=02]y= 186254 (5dp) 186254 | B eao
Note: Look for this value on the given table or in their working_ 1]

Outside brackets %x(o.z;

®) %(01)[l+ll7lﬁ+l(ﬂn:ir 186254 + 171830+ 1.56981 +141994)]

{: ﬁ(lsmzx;)}: 641283 = 16413 (4 dp)

@ Jfu=c orx=mup|

6 6 See

Lo du=uds etc. and () ———dv=() du | Seelpys

u ©+2) (w+2u notes
a=land b=c or b=c' | o)

{x=1} b b=¢'P or evidence of 01 and 1 >e
NOTE: I* BI mark CANNOT be recovered for work in part (d) ]
NOTE: 2™ B1 mark CAN be recovered for work in part (d)
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(d)
Way 1

6 4B

A, _B 1P, 0

4, Writing
w@+2) " u o (@+2)

b 6. Awu+2)+ Bu

Lo or = s
w@+2) U (u+2) uu+2) U (u+2)

o.¢., and a complete method for finding the value of at least one of

their A4 or their B (or their P or their 0)

M1

u=0b A=3
u=-2p B

Both their A=3 and their 5 =3, (Or their

£ and their

[

1 with the factor of 6 in front of the integral sign)

Al

[ese-Jim)
u(u+2) U (u+2)

= 3Inu - 3in(u+2)
or =3In2u~3in(2u+4)

M
Integrates — +
u o utk

(i.c. @ two term partial fraction) to obtain cither
+AIn(au) or +uln(Bu+k)): A, pua.f'0

S M Nk 0;

M1

Integration of both terms is correctly followed through
from their M and from their N.

Alft

{Sn[ll.nu - 3In(u+2)]; }
3In(e) -3In(e+2)) - (3In1 -3In3)

dependent on the 2* M mark
Applies limits of ¢ and |
(or their band their a, where 5>0,b " 1,a>0) inu

[Note: A proper consideration of the

limit of =1 is requircd for this mark]

or applies limits of 1 and 0 in x and subracts the
correct way round.

am1

=3-3In(e+2) +3In3 or 3(1-In(e+2)+In3) or 3+ ]In(%]
e+

or Bln(i)flln[ '] or 3-3In
e+2. 3.

see notes
27¢"

[E;z] or () or l(uva

Al cso

Note: Allow e

in place of e for the final Al mark.

161

Note:

Give final AD for 3—3Ine+2 + 3In3 (i.c. bracketing error) unless recovered.

Note:

Give final AQ for 3-3In(e +2) + 3In3 — 3InI, where 3In] has not been simplified to 0

Note:

Give final AQ for 3lne—3In(c+2) + 3In3, where 3Ine has not been simplified to 3

12
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Question 3 Notes

Note | MI: Do not allow an extra y-value or a repeated y value in their [ ]
Do notallow an omission of a y-ordinate in their [..] for M1 unless they give the correct answer of
awrt 1.6413, in which case both M1 and Al can be scored.

Note | Al: Working must be seen to demonstrate the use of the trapezium rule.
(Actual area is 1.64150274..)

Note | Full marks can be gained in part (b) for awrt 1.6413 even if BO is given in part (a)

Note | Award BIMIAI for
ﬁ(z»mms; + 5(their 186254 + 171830 + 156981 + 1.41994) = awrt L6413

Bracketing mistakes: Unless the final answer implies that the calculation has been done correctly
86254 + 171830 + 1.56981 + 1.41994) +1.27165 (=16.51283)

Award BIMOAO for %(n.z) + 2.4 2their
Award BIMOAD for 2(02)(2 + 127165) + Xeir 186254 + L7830 + LS6981 + 141994) (~13.468345)

1830 + 1.56981 + 1.41994) +1.27165 (=14.61283)

Award BIMOAO for %(0.2}12) + 2(their 1.86254 + 1

‘Alternative method: Adding individual trapezia
1.86254" | "1.86254"+1.71830 171830+ 156981 1.56981+1.41994 _ 1.41994+1 z7|55]
2 2 2 B B

m:on[z

= 1641283
BI | 0.2and a divisor of 2 on all terms inside brackets

M1 | First and last ordinates once and two of the middle ordinates inside brackets ignoring the 2
Al anything that rounds to 1.6413





image42.png
3.(0)

1Bl

Must start from either
. bydL with integral sign and dx
. A 6
0(:' +2)
b 6 dry,
(e +2) du

d, with integral sign and dx

. with integralsign and <X du
du

and statecither 2= e or L=y or L2 L or du—udv
& & @

andendat () du, with integral sign and du, with no incorrect working.

u(u+2)

Note

6 6
1c’+z;dx’0u1u+z)

du is sufficient for 14 BI

So, just writing %" - and (‘)

Note

Give 2% BO for b=2.718..., without reference to a=1 and h=c or b=¢'

Note

You can also give the 1" BI mark for using a reverse process. i.e.
6

Proceeding from (‘) duto (‘) dr, with no incorrect working,

uu+2)

©+2)

and stating cither 32
dr

3.

Note

Give final A0 for 3-3In(e +2) + 3In3 simplifying to 1-In(c+2) + In3

(ice. dividing their correct final answer by 3)
Otherwise, you can ignore incorrect working (isw) following on from a correct exact value.

Note

A decimal answer of 1.641502724... (without a correct exact answer) is final AQ

Note

[~3In(u+2) + 3Inu ], followed by awrt 1.64 (without a correct exact answer) is final MIAO
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Question 3 Notes Continued

3@

Note | BE CAREFUL! Candidates will asign their own 4" and “5” for this question.
Note | Writing down inthe form + B it at east one of A or B correctis 1* M1
W w2 ' u
3
Writing down as 3 ispeML AL
Note e wWeim = w2
Note | Condone IP 7 32] ).1,. to give 3inu —3lnu+2 (poor bracketing) for 2% Al
u s
Note | Award MOAOMIATH for a candidate who wiites down
6 6. 6
e au=[[&s du = 6lnu + 6lnu+2
E'J'u(u+2) I[u (u+2)] U+ 6ln(u+2)
ASEVIDENCE OF WRITING _ U 55 AS PARTIAL FRACTIONS
Wt
Note | Award MOAOMOAO for & candidate who wiites down
L6 \ 6
du = 6lnu+ Gln(u+2 du = T+ 6lnu+2,
Oy & = St Olnas2) or s = s 6inr)
WITHOUT ANY EVIDENCE OF WRITING - aspartil frctions.
s
Note | Award MIATMIAT for & candidate who writes down
\ 6
du = 3tnu - 3n(u+2,
0 )
WITHOUT ANY EVIDENCE OF WRITING = s paril rctions.
w
Note du we can allow a maximum of MIAOMIALRMIAQ

IFthey lose the 6" and find ()~
| u(u+
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Question 3 Notes Continued

02D o)+ 40w, . p.ow0

Correct expression

L EM@uD) | N

! L M, N,k " 0, 10 obiain
iz Cuzk

St + 2) 61w+ 2) anyone of +AIn( +2u) or % uln(A(utk));
Au 0

Integration of both terms is correetly followed through from
their M and from their ¥

“dependent on the 29 M mark

So,[3In(u* +2u) - 6ln(u+2) | Applies limits of ¢ and 1
{5 +20-abtes 2] | P ekl
b>0,b"1,a>0)inu
20)-6ln(e-+2)) - (3In3- 61n3) or applieslimits of 1 and 0in xand
subtracs the corrct way round.

= 3In(e’ +2¢)~6ln(e +2) +3In3 3n(e® +2¢)—6ln(e +2) +3In3

- (s
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3.(4) | Applying u=0-1
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Question,

@,f.5%0. Ignore 7, integral sign, limits and dv.

N Scheme Notes Marks
s y=e+2e*, x°0
Way 1 e e )
r=) ;r(‘) (e+2e For "_ﬁ' +27) gy
o Ignore limits and dx . Can be implied.
- Expands (¢ +2¢” | > tae*£fe> £ where
}J’ (e + 4™+ 4)dx M1

‘This can be implied by later work.

N Z
Inegates atleast one of either ™10 give +7¢”

or £fe o give igc'”u,ﬂ 0

-

dependent on the 2 M mark
e aae™ o Lo e,
2

which can be simplified or un-simplified

o

4 4xorde’y

Bl cao

2

S getied 4(1..4)) {%e" -2+ 4(0)] ]

‘dependent on the previous
method mark. Some evidence of
‘applying limits of Ind o.c. and 0
t0a changed function in x and
subtracts the correct way round.
Note: A proper consideration of
the limit of 0 is required.

am1
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:l;wulm or %514 87in2 o n(g + 4|..4] or x(%s +xu.2)

Al isw
75 . 75 (o Ze)

or g+ 2 or L4 7In256 or n| 2% or %n(75+]2|n4),em

Question 5 Notes

Note | 7 is only required for the 1 BI mark and the final Al mark.
Note | Give 1*BO for writing xb dx followed by 216{:‘ +2¢
Note | Give 1" M1 for (¢ +2¢)' > ¢ + 4™ + 26" + 2¢" because 5=2¢" + 2¢"
Note | A decimal answer of 468731 __or_z(14.9201..) (without a correct exact answer) is AQ
Note 200 ‘XI followed by awrt 46.9 (without a correct exaet answer) s final dM1AQ
Note | Allow exact equivalents which should be in the form a7 + b7Inc or 7(a + bInc),
5 6
where a= 2 or 92 or 9375. Do notaliow a =12 or 95
8 " g 16" 16
Note | Give BIMOMIATBOMIAD for the common response

e | B
8

e o] e rep

x[‘
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Question|

——— Notes Marks
B
Way2 .
For xJ-[e +2¢7) Bl
Ignore limits and dx. Can be implied.
=uand x=In4 b u=4,x=0 b u=c’=
where u=c*,a, f.520. | Ml
Ignore 1, integral sign, limits and du.
“This can be implied by later work.
Integrates at least one of cither auto give i%ul M1
or £fu " to give tgu'lrz,ﬂ 10, where u=¢*
‘dependent on the 2° M mark J
L1,
s o i -2 Al
simplified or un-simplified, where u
4u”' - 4lnu. where u =" | Bl cao
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(1, D) o(1.. 2
G -Gy - 50~

o
a?

4l 1)}

dependent on the previous method
mark. Some evidence of applying
limits of 4 and I to a changed
function in  [or Indo.e. and 0 to an
integrated function in x] and subtracts
the correct way round.

- )

)

:l;wulm or %sm 87in2 o n(g + 4|..4] or x(%s +xu.2)

or %m In2* or %Smnlnzsﬁ or I.n[Z“’

eg’} or %n(75+ 32Ind4), ete

Al isw
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Question Scheme Notes Marks
7 | Y o), 9<hs200; h=130, L - 11
i ar
) o dh
Substitutes h = 130 and either & = ~1.1 o
() ~L1=k\(130-9) P k=.. @
into the printed equation and rearranges to give k
so, k=-Lor —01 k=-Lor —01|al
0 10
121 |
® ) Separates the variables correctly. d and df should not be in
Way 1 I =) fJ-kdr the wrong positions, although this mark can be implied by | BI
ay -9 later working. Tgnore the integral signs.
J-(hf‘))'?dh:“.kdl
togive 2uy(h=9): 4,17 0 | M1
(=97
= ke(+c] (h-9) . ;
[ () ((%)) = (their Ky with/without + ¢, | o}
or equivalent, which can be un-simplified or simplified
Some evidence of applying both
=0 and h =200 to changed equation | M1

containing a constant of integration, e.g. ¢ or 4

dependent on the previous M mark
Applies /=50 and their value of ¢ to
their changed equation and rearranges

to find the value of 1

)

204197 - 203T isw

or awrt 148

Al cso

16] |
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(b)
Way2

Separates the variables correctly. dh and d should not be
in the wrong positions, although this mark can be implied
by later working. Integral signs and limits not necessary.

BI

Integrates togive +uf(h-9); 2,10

Z3
=)

M1

o (=9

4

or equivalent, which can be un-simplified or simplified.

ki = (their &)z, with/without limits,

Al

24T -2 JI91= kt or kT

‘Attempts to apply limits of & =200, h=50
and (can be implied) ? = Oto their changed equation

2J—l 291

—o0.1

dependent on the previous M mark
‘Then rearranges to find the value of 7 = ...

1= 204191 - 2047

o 1=1483430145.

204191 - 204/4T or awrt 148

148 (minutes) (nearest minute) or 2 hours and awrt 28 minutes

Al cso

161 |
8
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Onminn 7 Nnm

Allow first BI for writing ﬂ

1
= or equivalent
Note k}(n DR (N
dr 1 -
dr_ leading to £ = 2 J{(-9) (+ ¢) withiwithout + ¢ is BIMIAL
Note | g s % (h=9) (+ ¢)
Note

‘After finding & = 0.1 in part (a), it is only possible to gain full marks in part (b) by initially writing

dh \odn dh \odh
e k=9 or =f-kdior 2= —0.1f-9) or = ()-0.1dr
ar (=9 er ) i 0 ar (i=90r ) Jii—5) 0
Otherwise, those candidates who find & = 0.1 in part (a). should lose at least the final A1 mark in
part (b).
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Question
Questor Scheme Notes Marks
8. | x=30sn0, yose'o, 020<3
(a) | [When y=8} 8=sec’0 = cos’ LX:mso,%ae % Sets =8 tofind
and attempts to substiute their ¢ | M1
k(orx) :3[%]5...(%) into x = 30sin0
sok(orn =T FENNEE Y
2 2 s
‘Note: Oblaining two value for k without accepting the correct value s final AQ 1]
o 30sin0 — 3sind + 300050
(®) | G5 = 3ind+30c0s0 Can be implied by later working |

{jyﬁ (dll}} :I(se:‘ﬂ)(]sm0+ 30c0s0){do} Applies (£ K see! ”](""" 7]
a0 Ignore integral sign and d6; K * 0

. . "Achieves the correct result no errors in their working, e..
=3()0sec’ 0+ tanfsec’ 0.0 bracketing or manipulation errors. | A1 *
Must have integral sign and d@ in their final answer.

M1

x=0and x=k = @=0 and f=2 @=0and f=

3 3
Note: The work for the final BI mark must be seen in part (b) only. 141

or evidence of 050 mdkﬁ% BI
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()
Way 1

Bsec? 0 —> Mg(ﬂ)fﬂjgiﬂ)“4>0,lﬁ‘>ﬂ,

where g(0)is a trigonometric function in 6 and | M1
L 2(0)= their jsec” 0d0. [Note: g(0) * sec’ 0]
{oﬂscc'ﬁdﬂ I Otan0-jtan{do} 0 -
‘dependent on the previous M mark
Either 10sec’ 0~ A0un0- Bfnd, 4>0,8>0 |
or gsec’d > ftand- [tand
= Otan0~In(sech) Osec® 0— Otan~In(sect) or Otan+In(cosd) or
or = 0an0+In(cosd) | )gsec? 9 20tanO- Aln(secd) or AOtand-+ Aln(cosd) | Al
Note: Condone fsec’d —> ftand- In(secx) or Htand+ In(cosx) for Al
. tanfsec’ @ or itanfsec’ @ — +Ctan’6 or +Csec’d M1
[gunoecon o e e
1 1 . 2 i 2 3 2
= Sun'0 or Ssec’0 tanfsec*0 > Lan 0 or Tsec 0 or —— or tan® 0 1sec*0
2 2 2 2 2c05°0 2
o zlﬁw,m":ms” whete = c0s0 or 0.5u°, where u=tan) |
Y o AtanBsec? > or Zsec? or —
or i’ where u=tan0 2 2 20070
2 or 0.52u™?, where u = cos® or 0.54u”, where u = tanf
(A.u(m):[Wm.ngntmm%mlaJ; or [munadwmm%nla[
(32 F3m2s 3 ) - 3. (3
,[;(3]& 3 z+2(3)] (0) or [{;]ﬁdmzoiuy]—[;]
9 9
=3+ V3r-3m2 or ;“/i“;l..[%] or 2+ Vi or |,.Gc§ fv) A
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Question
Number

8.(c)
Way2

Scheme Notes Marks.
‘Wa 2 for the first S marks: Applying integration by parts o ()(8 + tan6)sec” 06
PRIV )
D(Osec"0 +n0sec 010 = 0+ wnoyesioao, | a6
LA /= tanf=
om0 = v= 0= (o)
h(6) and g(6)are trigonometric functions in §and () = their §sec* 0d0. [Note: g(6) * sec* 0]
A0+ an0)g(6)- By(1+ h(@)(6). A>0, B>0 [ M1
‘dependent on the previous M mark
= (0+ anO)tan0 (1 + sec* O)an0{d6) Either 2[(0+ an0)sec’0]
A0+ tanf)tand ~ By (1 + h(f))tang, 4 * 0, B>0 | dMI
or (0+ tanf)tand 7b(| +h(6))tand
= (0+ tanf)tand 76(m.0+ tan@see’ 0){do}
e et — et 8100 0+ an0)tand —Insec0) oe.
= (0+ and)tand - In(seco) - (tandse* 0{do} or 2[(0+ an6)tan - Insecd) ] oce. | A
. tanfsec’ 6 £Ctan’0 or =Csec’d | M1
= (6+ an6)tan0 - In(sec6) - ~tan*0 [
2 0+ tan0)an0 -0
Al

or = (0+ tan6)1an0 ~In(sec) - = sec* 0 ctc. 1

1
2 or (0+ un0)and - Jsec0
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Note | Allow the first two marks in part (c) for Gtan@~ jtand embedded in their working
Note | Allow the first three marks in part (c) for tan6)~ In(sec®) embedded in their working
Note | Allow 3 M1 2 Al marks for cither tan® 0 —

embedded in their workiny

Question 8 Notes
8.(a) Note Allow M1 for an answer of k =awrt 2.72 without reference to & or 3
Y]
Note | Allow M1 for an answer of k = 3(arccos(2))sinarccos(4)) without reference to
Note allow MI for 0= 60T, leading to k = 360)sin(60) or & =9043
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Question 8 Notes Continued
8.(b) | Note |TogainAl df docs not need to appear until they obtain 3{)(6scc* 6 +tansec? 0)d0

Note | For M1, their :’70‘ ‘where their % * 30sin 0, needs to be a trigonometric function in &

Note | Writing, 6(mc’ﬂxxsinll+wms//) = Jé(ys.xlmml/se:’y)dl/ is sufficient for BIMIAL

Note | Writing :"T] =36in0+ 30c0s followed by witng ) y% 40=3)(0sec* 0 + tanOsec’ 0)d0)
is sufficient for BIMIAL

1
cos’0
[lack of brackets i this particular case].

Note | The final A mark would be lost for (] 3sind + 30cosd = 36 (Osec’ 0+ tan Osec® 0)dO

Note | Give 2B for @=0 and /i= 60T, without reference to fi=

3
(without a correct exact answer) is AO.
Note | First three marks are for integrating @sec? @ with respect to 6

Note | Fourth and fifth marks are for integrating tan@sec’ @ with respect to €

Note | Candidates are not penalised for writing Infsecd] as cither In(sec®) or Insecd

© Note | A decimal answer of 7.861956351

Note | sec’0— ftan0 + In(sec§) WITH NO INTERMEDIATE WORKING is MOMOAO
Note | @sec?0— gtan0-In(cosd) WITH NO INTERMEDIATE WORKING is MOMOAO
Note | sec’ 0— ftand - In(secd) WITH NO INTERMEDIATE WORKING is MIMIAI
Note | sec’0— ftan0+ In(cosd) WITH NO INTERMEDIATE WORKING is MIMIAL

Note | Writing a correct uv

ovﬂ with u=0,-2
dr do

one error in the direct application of this formula is 1% M1 only.

tan0), ‘;ﬂ =1 and v = their g(0) and making
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8.(c) | Alternative method for finding. bmnﬂsoc’ 0do

§tanfsec’ 0d0= tan’ 0~ ftandsec’ 0d0
b 2)tanbsec’ 0d0 = tan*0

tangsec’ @ or — +Ctan’

ftandsec* 040 = Lanto 1
2 nfsec’0 > S’

b jtanbsec’ 0d0 = sec’ O sec’ Otanddo)
b 2)tanbsec’ 0d0 = sec* 0

tanfsec’ @ or — +Csec’ §

ftan0sec’ 0d0= %

tanfsec0 - Lsec?0
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Question

Question Scheme Marks
s 1 I ¥} 6 [ 1% 2
- T 0 00025 | esvass. | 12032 | 1904 | 27736
(@ {Atx=14} y= 06595 4 dp) 0.6595 | BI cao
L
“Gutside brackets
L(02)x[0+ 27726 +2(02625 + their 06595 + 12032 + 1.904) | Le02)or L | Bloe
® |2 2 0
For sructure of
{Note: The “0° docs not have to be included in.....J} 8 Nl
{— 08318 } 108318 = 1083 (3 dp) anything that rounds to 1.083 | A1
B3l
O |- s}
|- [#inxar
Way 1 v 5
o 3
Either +*Inx ,gu'm—‘[“‘[l)gm)
* M
R (21 or ili'lnrf‘[y  fas) where 450
Znx IT[;]“” A -
N % <1
Clnx > TInx*J‘T[:J(dx}- N
simplificd or un-simplificd
EE 2 e~ = simplified or un-simplificd
ER) ER mpliicd | Al
‘ . Gependent on the previons
= Emx-X 8 8 1 M mark. Applics limits of
et =5 - (hwag) (o8] | A
the correet way round
LI 3m2-2 or L2am2-7) [ Atoceso
39Ty

151
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©
Way 2

*(xlnx-x) i[lx(xlnx ~x)dr

So, 3! r’(xlnxfxb+IZr’{dx)

A full method of applying Tnx togive

28 (xhnx - x) £ pf o fa) | M
©(xlnx - x) + _[zr‘,uu{

e -0 +4 [ 2}
3 3, Al

simplificd or un-simplificd

i 2, A )
- ¥ Gy -+ 5o X tnx - £, simplificd orun-simplifed | A1
Then wward dV11A1 in the same way as above | M1AT

151
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Question 2 Notes

2.(a)

BI_[0.6595 correct answer only. Lok for this on the table or in the car

()

i T
BI | Ouside brackets Lx(02) or Lx Lor L or cquivalent.
2 ©2 2 5 10 o

1

ission of a y-ordinate or an extra y-ordinate.

M1 | For structure of trapezium rule|
Note | No errors are allowed [eg. an or
ora repeated y ordinate].

AT | anything tha rounds to 1.083
Note | Working must be scen to demonstrate the use of the trapezium rule. (Actual area is 1.070614704..

Note | Full marks can be gained in part (b) for using an incorrect part (a) answer of 0.6394

Note | Avard BIMIAL for {o(2.7726) + 102625+ heir 0.6595 + 12032 + 1904) = awt 1083

Bracketing mistake: Unless the final answer implies that the calculation has been done correctly
Award BIMOAO for %m 2)+ 2(0.2625+ their 0.6595 + 1.2032 + 1.9044) + 27726 (answer of 10.9318)

L 0.6595+1.2032 +1.904)  (answer of 8.33646)

Award BIMOAO for —(02X2.7726) + 202625+

“Alternative method: Adding individual (rapezia

0102625 02625+706595" "06595"120% | 1209219044 mw.um}lwm

Area =02 .
2 2 2 2 2

B[ 0.2 and a divisor of 2 on all terms inside brackets

MI_| First and last ordinates once and two of the middlc ordinates inside brackets ignoring the 2

Al | anything that rounds to 1.083
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(©

Al | Exact answer needs to be a two term expression in the form alnb+c
Nate | GiveAleg $m2-7 or L2412-7) or 22 o Linase-Lor L4 Sim2
379 Ty ERRRCI 977573
7
or n2" ~ 2 or cquivalent.
1n2 =L orea
Note | Give final AO for a inal answer of 312 o S2_ 1y 7 82 8.1
3 3093 9Ty
7
o fin2-Zoe
2 2T
Note {?mr;] followed by awrt 1.07 with no corrset answer scen s dMIAO
Note | Give amo0 or | nx 2| > (8102 8) - L (adting rther than subtacts
ote | Give dMOAD for | x ~35| = (3125~ (dding ratertham sbtcting)
Note | Allow aM1A0 for | 2 1nx - —»[Elnle]f[D+1]
) 9] 73" 9
sc Acamhdal\:whnusull:lnxxml% ,:‘kl 2 y= Y, writes down the correct “by parts”

formula but makes only one error when applying it can be awarded Special Case 1* M1.
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Question
Number Notes Marks
. &
o
(a) 1 B ‘Scparates variables as shown. drand df should not
wanr | [re[3e o e vron oo, hough ik cn | B1
Y implicd by later working. Ignore the intcgral signs.
s bt sides g ter £ 2atax ||
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[
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(@)
Way2

ither 4 __ 2 2
Eitner S 2 or = [~ Zax
el

Bl

Integrates both sides to give

cither 1= or talnpxia=0,p>0

MI

2 et
= —ZInx+c, including "¢’
3 3

Al

inds their cand uses correct algebra
toachieve x = 60¢  or x = 9

with no incorreet working seen

Al eso

141

(@)
Way3

Ignore limits

Bl

Integrates both sides to give either +£ 5 + glnx

or £k - ki (with respect o 0 k@ %0

MI

[inx] —A]; including the corret limits

Al

Inx 160

‘ Correct algebra leading to a correct result

Al eso

141
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®)

Substitutes x = 20 into an equation in the form

TP orx =t jetH

of either Y= £ /¢

M
OF talndx = turtf O 1=+ Alnox £ fi
@, 2,m,5%0and g canbe 0
EENED dependent on the previous M mark
%0 Uses correct algebra to achicve an equation of the form of
{=0.439449...(days)) cither 1= Aln(2) or Aln(2) or Aln3 or Aln(%) o.c.or | M
Note: £ must be greater than 0 _| = A(n20 ~ 1n60) or (60~ 1n20) o.e.(4 <. ¢>0)
=1 =632.8006.. 633(to the nearest minute) awrt 633 or 10 hours and awrt 33 minutes | Al eso

Note: dM1 can be implicd by ¢ =awrt 0.4 from no incorrect wor
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Question
Number

Notes.

Marks

(@)
Way 4

Scparates variables as shown. dvand df should not
be in the wrong positions, though this mark can be:
implied by later working. Ignore the integral signs.

Bl

Integrates both sides (o give either £ In(px)
or £k = ki (with respect 10 );_k, @%0; p>0

MI

%I.n(Sx) ~t+c, including "+¢"

Al

Finds their ¢ and uses correct algebra
E 60

toachieve x = 60 Tor x

with no incorreet working seen

Aleso

141

(a)
Way §

Ignore limits

Bl

Tntegrates both sides to give either £k — Lkt
a

(with espect to.1) or £ > £ alnx; k,a#0

MI

‘:S

Z|..x] including the correct limits

Al

Correct algebra leading to a correct result

Al eso

141
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Question 4 Notes

4.(a)

1
For the correct separation of variables. E.g. J‘; dx

Bl
Note | Bl canbe mplicd by sceing either Inx = ~31 +¢ or 1= ,%h.x” with or without +¢
Note | B1 can aso be implicd by secing [In], = [71.];

= )
Note | Allow Al for x=60Ve™ o x == with no incorrect working seen

sl

Note | Give final AO for x = ¥ + 60 —» x = 60e ©
Note | Give final AO for writing x — ¢ =™ as their final answer (without secing x — 60¢ %)
Note
Note
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(®)

A1_| You can apply eso for the work only scen in part (b).
Note | Give dMI(Implicd) A1 for ; In3 followed by £ = awrt 633 from no incorrect working.
Note | Substitutes X=40 _into their cquation from part (a) is MOdMOAO
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Notes Marks
3y-4
i >0, G x=dsin®
6 |0 y(}y”)-fy >0, Gi) dr 4sin’6)
(1) v See notes | M1
Way 1 ‘(3,12) 4= Ay By AtTeast one o their| |
A 2 or their B=9
Both their’
A=-2 and their g0 | A
Ttcgrates (o give at lcast one of either
A iamy or B Gy |
YO Gy ey
A420.B#0
“Al least one term correctly Tollowed through
from their 4 or from their & | A1
= ~2iny+306y+2) {+¢f [ oty 1 3my+2) or 2ny 3y +3)
with correct bracketing, | A1 €30
simplified or un-simplified. Can apply isw.
16]
D@ | 2= asin?0 =) & _gingcoso or L 45in20 or de = 8sindeostlo B
Way 1 d6 do
| JM.x,memeg.m; « NL.«...M(M) M
4—4sin’ 0 4—4sin’ 0
= [ 1. 8sindcos0 {40} or 45in20 {d0) [L] Hik‘,..g..,u[*“"’] M1
= = 4-x, cosf) | =
:Ixsi.fﬂda ngn’odo including d | A1
‘Writes down a correct equation
3=45in°0 or S=sin*Oor sind= L = 9= . ) -
3 involving x = 3 leading to 0= Z and | BI

fx=0-0=0}

no incorrect work scen regarding limits

50
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(i) (b)

:{R}J‘[#}d// {: I{4 - 4::.521/)-10}

Applics cos20=1-2sin’ 6
o their integral. (See notes)

{520~ on20) (- s0-2n20]

For_+af+ fisin20 @70

sin'f > [107151..2/!]
2 4

Al
lj Ssin*0do= x[ Lmnz@l},x[[‘ I[J—U (n+n]J
~i3 ot exactamswerof e 3 or Hax—343) | Aloe.

141
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Question 6 Notes

5 i 5 -
6.0 1M1 | Writing =4 _ 4 and a complete method for finding the valuc of at least one
© MW3y+2) y Gy+2)
of their 4 or their B.
Note | MIAI can be implicd for writing down cither —3Y =4
M3y +2)
or ¥4 _ theird 9 with no working.
Ve "y TGy
Note | Correct bracketing is not necessary for the penultimate ARt but is required for the final Al in (i)
1ve 2% 3 -4 a3
te. Give 2™ M0 for —~——_ going directly to T @]
Rt Sy 3y Lone ity o 2
- G - e} .
e | ---butallow 2 M1 for cither MO+ 130245y or MAVED 4 30040
Not e ety r2y or SR In(3y*+2y)
6.0 | 1M Substis =450 and i 0 (i comety e 5] 00 J[4 ]m
Note. dx # Ad@. For example dr # d6
Note Allow substituting dx = 4sin26 for the 1" M1 afier a correct %:4&..29 or dr = 4sin26d6
24M1 | Applying ¥ = 4sin’ 1o [ J to give K tanf or 1K(ﬂj
cos,
Note_ Integral sign is not needed for this mark.
14A1 | Simplifiesto give J"‘"":""” including 6

Writes down a correet equation involving x = 3 leading to = < and no incorrect work seen

regarding limits

Note

Allow 2 Bl for x:4sin1{1):3 and x=4sin'0=0
3

Note

1x=0,0-0

Allow 2% BI for 6= sin '[J? followed by x=3,6=
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Intcgrates 10 give an expression of the form +af  fsin20 or k(za® = fisin20),

ML 0. g0
(ean be simplified or un-simplified).
1AL | Integrating sin® @ to give %9,%9..1.9‘ un-simplified or simplified. Correct solution only.
b -+ iving Kok Koy . -
Can be implicd by ksin® @ giving ?ﬂ’ ;mzn or ;(297 sin20) un-simplificd or simplificd.
TTAL | A correctsolution in part (i) leading (o a “two lerm” exact answer of
4 8 4
cg Tr-VBor Sxii or 3
& 5r3or a3 o 3
Note | A decimal answer of 2.456739397 . (withoul a correet exaet answer) is AU
Note | Candidates can work in terms of 2 (note that 4. is not given in (i)
and gain the 1 three marks (i.c. MIMIA1) in part (b).
Note

If they incorrectly obtain J‘ 7 sin’ 0 do in part (i)(a) (or correctly guess that 2 = §)
then the final Al is available for a correct solution in part i)
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Scheme

Notes

Marks

6.0)
Way 2

ay = [22 g, [ 2y,
3y 42y Wy+2)

56
ey

B
s 3y 6= A0y By
Gy oY Crene by

y=0 = 6=24 = 4=3

ye=-3 = 4

See notes

M1

‘At lcast one of
their A=3 or their B=—6

Al

Both their 4 =3 and their B=—6

Al

4
JJ13) 5"

4
or Ayt iy or
¥y i

Integrates (o give at least one of either
M(6y+2)

> Ealn(3y +2)
Sy Gy +2y)

B

> 2ulnBy+2)

2
M20,420,820

Ml

6y+2 3 6
- ay-|2ay dy
,[3)*’*11' ! ,[)' “."(hwll !

At least one term correctly followed through

AR

= In(3y*+2y) ~3Iny + 2n(3y +2) {+ ¢}

In3y* +2y) -3y + 2In3y +2)
with correct bracketing,
simplified or un-simplified

Al eao

16]
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(a)

MI:I 2_dy=An@x—k) Condonea missing bracket
(Bx—k)

2
Gr—k) de=3hGx=k)

Allow recovery from a missing bracket if in subsequent work AIn9% —k —> Aln8k
@M1 For substituting & and 3# into their AIn(3x ~k)and subiracting cither way around

AL: Uses correet In work and notation to show that I = %h(%)ur %m oe (ic independent of k)

(Q2x—k)* de= (2x—k)

dM1: For substituting  and 2K into their and subtracting

[
AL: Shows that it is inversely proportional to & Eg proceeds to the answer is of the form 4/ with A=%

‘There is no need to perform the whole calculation. m:um—& (Tl) ( 1“}(%1%
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6.0)
Way 3

5

& ?

= 5= AGy+D+ By See notes | M1
FOEE) ETP)] ATemtoneof e -1
y=0 =5=24 > 4=% or their p- - | A
y=ci = s=-38 = Becd Both their 1 - § and their 5- % | Al
Tntcgrates (o give at least onc of either
-4, %ainln(h"fh)
Wy y wspen | ™
or Ay s ammy or S alny+
v Y By+2) Ay N
. 2 M#0,420,8%
Y AR d;v—I d)w... T gy
342y ¥ Br+2) At least one term correctly followed through | Al ft
[ 55
i@y +2p) -2y + 2y +2)
Ly +20) -2y + 2wy + 2 (¢ eI =Sy ey Al e
2 2 2 with correct bracketing,
simplified or un-simplified

161 |
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Scheme

Notes

6. (i)
Way 4

"":j. B “’"j )
2GBr+2) By +2)

dy

3 1
- o [—
I & I EORS

= 4= AGy+2)+ By Secnotes | M1
Cr+2) Y ® Atleastoneol |
V0 = aerdm a2 their A =2 or their 6-—6
Both their A =2 and their -6 | Al
ye-i = 4=-38 = B=-6
Intcgrates o give at east one of either
-4 e por 4 co
& L T
j yoy+2) v i M1
> £y +2),
5 ) P Gyvg 2 FHROYED.
B AT N P
v+ Y Gr+2) "At least one term correctly followed through | AL ft
W+ 2y + I+ 2)
= Iny+2)~2lny+ 2By +2) {+f with correct bracketing, | Al eao
simplified or un-simplified

16]





image76.png
[ | Alternative methods for BIMIMIAL in (ii)a)

[E0) N -
Way2 {x=dsin* 0=} 3 = Ssin0cos0 Asin Way |
J’ 3500 §singeose (a6} Asbefore
o
= 222 $cososing |d
I‘jufs..ra) Seosdsind |40}
,J‘ 00 g fi—sint0ysind {46
Ji—swo)
- Corroet method leading 1o
:Ism”'xs'"o{do} J(I—sin® 6) being cancelled out
:Ixsm’ﬂdﬂ jxm’ado including d0
Vo | br=tsin 0] £ ssnog Asin Way |

x:AsmlﬁzzfzcosZGA 4-x=2+2c0s26

9 4si in20 {d6}
Z+Zm29
V¥2-2c0s20 ¥2-2c0s20 2-2c0s20
——— T ———4sin20 slH . 4sin26 {6
V2+2c0s20 V2 -2c0s20 ‘ ;4 4cos’20 ( :
(22222 4in20 (a6} - [22-2c0520). {06} Corret method leading to
220 sin0 being cancelled out

:Ixsin’ﬂdﬂ J‘Ksinzﬂdﬂ including 6
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Question
Queston Scheme Notes Marks
7| y=@r-ni, x=1 passes though P(k8)
. . @) > za@veior £au |y
(@) @x-17dx %(zpl)f {+e} where u=2x+1: 420
%(z‘fn'; with or without + ¢. Must be simplified. | A1
2
5 Sets § = 2k~ )Y or § - (25— 1)7 and
® —k-nt MI
R e Gliing rearmanges to give k= (or x=) a numerical value.
7 7
kor=orss
(or9)=7 Al

So. k=

121
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For ,,_.'{(hf ni]: or xIm— i

(c) II{!Z,\' - I);) dx BI
Ignore limits and dx. Can be implied.
" Applies x-limits of “8.5" (their answer
flf dx} [un MJ { lﬂu} topart (b) and 05 toan expressionof | |
the form +4(2x — 1)7; 420 and
Note: It s not necessary to write the "-0" subtracts the correct way round.
P =0 (2] (- ) o o] |
2 rase = SHAT implics this mark
An exact correct answer in the form k7
{VaI(S):Slelm"}:)Val(S):?x [N P Y
5 10
T
A | Vo = =54 o2 j“{xz,m, i [EEEV
- c limits and dr.
o(1) 1
=r(5) +;r|:Mx g
() {{w - 1(2(&5)7 lﬁ\ - (M{O.S] - 1(2(&5)4)5“ sssbore M1
) ) E27s ) Bl
:zz;nx{[su—m} (32-0)) = Vol(s) - 128 Al
\ B J
IT]
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Question 7 Notes

7. (6) Allow Special Case SC M1 for a candidate who scts § = (2k — 1)? or § = (2x— 1)? and
rearranges o give k= (or x=)a numerical value.
7@ | MI | Canabso be given for applying u-limits of 16" (3" part (5~ 1) and 0o an xpression of the
form ;52 0 and sublracts the correct way round.
Note | You can give M1 for o
B
T )
Note | Give Mo for | ZEZD2 | - uﬁJf(o]J
B B
Bifi_| Correct xpression for the Volume ofa oylinder with radius § and ther (art (5) eight &
Note | Ifa candidatc uscs intcgration o fnd the volumc of ths cylinder they need to apply thir Tiits

o give a correct expression for its volume.

sof 8

{64 is not sufficient for BI but 7(64(8.5) - 0) s sufficient for B1.
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7. | MISREADING IN BOTH PARTS (B) AND (C)
Apply the misread rule (MR) for candidates who apply y = (2x — 1)* to both parts (b) and (c)
® Sets 8= (2~ )7 or 8= (x-1F and | 1y
rearranges to give k= (or =) a numerical value.
5
k(arx):z or 2.5 [ Al
2]
(
For [ (26—
© IL‘“ B1
Ignore limits and d.
“Applics x-limits of “2.5” (their answer to,
part (b)) and 0.5 to an expression of the
-(0)] =32 M1
O 32| o 2420~ s B0 and subiacts
the correct way round.
Vo m)[ ) (= 1601} ()" their answer to part (b)) Bin
Sight of 16077 implies this mark
_ - _ “An cxact correct answer in the form k7T
{Vol($) =160z - 327 | = Vol(5) = 1287 b 287 | A1
0]
Note | Mark parts (b) and (<) using the mark scheme above and then working forwards from part (b)
deduct two from any A or B marks gained.
Eg. (b)MIAL (c) BIMIBIAL would score (b) MIAO (c) BOMIBIAL
E.g. (b) MIAL (c) BIMIBOAO would score (b) MIAO (c) BOMIBOAO
Note | Ifa candidate uses y = (2x — 1)? in part (b) and then uses y = (2x  1* in part (c) do not apply a
misread in part (c).
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Question

Number Scheme Marks
3| y=ar-xet 120
@ [y:ﬂalexe 0= x4-e)=0 :}
Attempts to solve ¢ = 4 giving x=... Mt
=4 x,=4In2 interms of £2Iny where 41> 0
412 cao (Ignore
2l
M1
®)

[

Al

ot omerin)

Al

131 |
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© led.:: },: 2

{ L._:Wdé.)dx};'[z,v:[m -

wy ke

{uunzf - z(Ah.z;ﬁ’ +4¢” - {uof - z(o){;‘“' +ae

= (3202 ~32(m2) +16) - (4)
=32(In2)" - 32(In2)+ 12 32(In2)’ - 32(In2) + 12, see notes | Al

B3I
8

Question 3 Notes

3. | MI | Auempts to solve ¢ = 4 giving x=... interms of +Alng where s> 0
Al | 4in2 eao stated in part (a) only (Ignore x=0 )
NOT | vt (b) appears as MIMIAT on ¢PEN, but is now marked as MIAIAL

7/:_[ ). where @0, >0,

®)

M1 | Integration by parts is applicd in the form
(must be in this form) with or without dx
Al

{dr} or cquivalent, with or without dv. Can be un-simplified.

AL | 9™ 4e7" or equivalent with or without + c. Can be un-simplified.

Note | you can also allow 2¢7 (x—2) or e (2x—4) for the final Al.

isw | You can ignore subsequent working following on from a correct solution.

", writes down the correct “by parts”

SC | SPECIAL CASE: A candidate who uses 1= x, %

formula, but makes only one error when applying it can be awarded Special Case M.
(Applying their v counts for one consistent error.)
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3.0

Note

Note,
Al

Note

Note

Note

Note

Note
Note

Note

4x - 28 or - oc.

‘Complete method of applying limits of their x, and 0 to all terms of an expression of the form.

" (where 40, B#0 and (% 0) and subtracting the correct way round.
Evidence of a proper consideration of the limit of 0 is necded for M1
So subtracting 0 is MO.
In16 or 2Ind or equivalent i fine as an upper limi.
A correct three term exact quadratic expression in In2.
For example allow for Al
© 3202y -32(n2)+ 12
8(2In2)’ - 8(4In2)+ 12

2(4In2)" - 32(In2)+ 12

24In2)e™

"2

o 24mn2)

Not tht the consant term of 12 ncds to be combined from 4c*™”
12
2in
Do not apply “ignore subsequent working” for incorrect simplification.

Eg 32(n2)" - 2n2)+ 12 > 64(1n2)-32In2)+12 or 32(nd)-32(n2)+ 12
Bracketing error: 321n2* - 32(In2) + 12, unless recovered s final AQ.

Notation: Allow 32(1n*2) — 32(1n2)-+ 12 for the final Al.

5.19378... without secing 32(1n2)* ~ 32(n2)-+ 12 is AO.

Ac;‘] is MIAO.

Also allow 32In2(n2 ~ 1)+ 12 or 32|.n2(|n2—|+ 2] for AL

5.19378... following from a correct 2x* — (z:

S19978... &

working is MOAQ.
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Al Shows that

inversely proportional to k Eg proceeds to the answer s of the form 4/ with A=

There is no need to perform the whole calculation. Accept from ———+— (L,l}(l !

[ RGN
If the calculation is performed it must be correct.
Do not isw here. They should know when they have an expression that is inversely proportional to k.
‘You may see substitution used but the mark is scored for the same result. See below

u=2x-k —»[l—‘] for M1 with limits 3k and k used for dM1
u
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Question
Number

Scheme

Marks

6@

A:I [G—x)x+1) dv , x=1+2sin6
& rcost
a0

Umu orj\ 3+ 2e- )dxl
- [V 2o 2w+ 200 (00

= [ 2m0)2+ 29m0) 26050 {40}
- o= s 0) 2cos0 {00}
Jla=30-cov0) 2c0s0{a} or [Vicoso 2ecs0 {40}

- 4fesodo. k=)

& cosd or 2cos8 used correetly
a0

" Substitutes for both x and dx.
where dx # 2d6._Ignoredg | M

Applicscosi 01 sin'6 | -

BI

Al





image85.png
(b)

0=1+2sin6 or ~1=2sinf or smg:—%: 0

See notes | BI

and 3=1+2sin@ or 2=2sing or smg:l:g:%

(14 con26) T Applies cos20- 2cos 61
“)J‘L L T e gl
- T integrates 1o give £af t fsin20, a %0, f0 |
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Question 6 Notes

6@

Note

Note
Note

Note

A1

Note
Note

% =2cos0. Alsoallow dx=2c0sd0. This mark can be implicd by later working.
You can give BI for 2056 used correctly in their working.

Substitutes x = 1+ 2sin6 and their dx (ﬁnmllmrmngnd:;] into (3-x)(x+1) dx.

Condone bracketing errors here.
dx # 46, For example dv # 6.

Condone substituting dx = cos for the 1 M1 after a correet % ~2cos6 or dv=2c0s0d0

| Applies cither

=cos’ 0

o d-si
o A Zsin’g or A(1-sin*6)=Acos’0
* 4-4sin’0 = 4+2c0s20-2 = 2+2c0s20 = 4cos’ 0

to their expression where 2 is a numerical value.

Correctly proves that I\/(z o) dr is equalto AJ'm 040 or I4u«s 040

All three previous marks must have been awarded before A1 can be awarded.
Their final answer must include d@.
You can ignore limits for the final A1 mark.
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(b)

Note

Note

NOTE
Mi

A1

Note
Note

Note

Evidence of a correct equation in sin@ or sin™' @ for both x-values leading to both @ values. Eg:
% which then leads to 0=

© 0=1+2sinf or —1=2sinf or sind

© 3=1+2sin0 or 2=2sin6 or smy:lwhichlhmlmhmﬁ:%

art (b) appe:
Writes down a correct equation involving c0s26 and cos? 6
B con20=2e0 0 or o8 0= D o g Lo e20)
and applies it to their integral. Note: Allow M1 for a correctly stated formula (via an
incorrect rearrangement) being applied to their integral.
Iniegrates 0 give an expresion o the form 0+ Bsin20 or k(+af + Bsin20). a0, 20
| (can be simplif ified).
“A correct solution in part (b) lcading 1o a “two term” exact answer.

ar 5 sx

B e o LoD (nuz‘f) ) )
5.054815.... from no working is MOMOAO.
Candidates can work in terms of k (note that k is not given in (a)) for the MIM1 marks in part (b).
If they incorrectly obtain 4_[ cos” 0d@ in part (a) (or guess k =4) then the final Al is available

for a correct solution in part (b) only.





image88.png
Question
Number

7.()

)

{1=0.P=3=] l-lh3-0+c

can be implicd by later working
T (P i P |
e P E QD
[
In(P-2)~InP = Lsin2
(P-2) Fint |
{= e=-In3 or In} See notes
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(©)

M
eliminate their logarithms.
Must have  constant of integration that need
AP-2) = P =3P -6 = P& g
. - make P the subject. | 1
gives 3P-Pe =6 = P(3-¢")=6 Must have a constant of integration

7T Starting from an equation of the form
£21n(P~ ) £ uinP =+ Ksindit + ¢,
2,4.5.K.6#0, applies a fully correct method to

that need not be evaluated (sce note) |
Correct proof.

States or applics P =4
Obtains £ Zsin2t = Ink or Asint = Ink,

20,k >0where Zand k are numerical | M1
... valuesand A canbel |
‘anything that rounds to 0.473
Do not apply isw here |

Al

B3I
13
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Question

Ni . Scheme Marks
[Method 2 for Q7(h)_______ B N
7.(b) In(P-2)— :..p—%;inz. (+¢) As before for.... | BIMIAT

NG
P 2

= P(i- )=2= P=

et 2

Starting from an equation of the form
+2In(P- ) £ uinP =+ Ksindt + ¢,
2,4,p.K.5% 0, applies a fully correct
‘method to climinate their logarithms.
Must have a constant of integration

_ that need not be evaluated (see note)

'A'complete method of rearranging to
‘make P the subject. Condone sign
slips or constant errors. Must have a
‘constant of integration that need
not be evaluated (see note)

See notes

(Allocate this mark as the

2% ML mark on ¢

S

Al*eso
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Question 7 Notes

- o P ]
7.@) | M1 | Forminga comectidentity. For cxample, 2= A(P—2) + BP from -4
@ 2 . mple, 2= A(P=2) T T
Note | 4 and Bare not referred to in question.
Al | Eitheroncof A=—1or B-1.
L1
—L ot any cquivalent form. This answer recovered from part (5).
A | G orany il cannot b recovered from part (b).
Note | MIAIAI can also be given for a candidate who finds both 4= —1 and B=1and 2 + —2
)
is scen in their working.
. '
Note | Candidates can use ‘cover-up’ rule to wite down —L 50510 gain all three marks.
“ w Py 7 e
Note | Equating coeflicients from 2 = A(P—2) + BP gives A+B=
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7.(b)

Note

AL

M1

a1

A1

Note | I

Separates variables as shown on the Mark Scheme. dPand dr should be in the correct positions,
though this mark can be implied by later working. Ignore the integral signs.

2 1 1
Eg: I dp= Iu«sll dr or L«P’Z)JP = EIMZI dr o.e.are also fine for Bl

Poap

canbel.

NN +yiin
Condone 2In(P=2) +2InP _or 2In(P(P-2)) or 2In(P*~2P) or_In(P*~2P)

Correct result of In(P~2)~ InP=

sin2t or 2In(P-2)~2InP=sin2

o.c. with or without +¢
Some evidence of using both =0 and P=3 in an integrated equation containing a constant of
integration. Eg: cor 4, ¢ ) B} )
Starting from an equation of the form £ AIn(P— ) + uinP =
‘applies a fully correct method to eliminate their logarithms.
dependent on the third method mark being awarded.
A complete method of rearranging to make P the subject. Condone sign slips or constant errors.
For the 3% M1 and 4* M1 marks, a candidate needs to have included a constant of integration,
in their working. eg. ¢, 4, In A_or an evaluated constant of intcgration.

6

EKsindt+c, AumpK.520,

Correct proof of P = Note: This answer is given in the question.

“[(P;Z)
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©

M1 for making P the subject
Note there are three type of manipulations here which are considered acceptable for making
P the subject.

-2
P

(1) Ml for 2y 3P-2) = P

@) Ml for

(3) Ml for {ln(P— 2)+InP %mzul..z :.} P(P-2)= 3% = PP 2p=3

= (P- 3¢ leading to P

M1 | Staies P=4 orappliesP =4
M1 | Obtains  Asin2r = Ink or +Asint = Ink, where 2 and k are numerical values and 2 can be 1
Al_| anything that rounds to 0.473. (Do not apply isw here)

o not apply. ignore subsequent working for. by 473 year )]

Note | Use of P=4000: Without the mention of P=4, lsmzlzlnz.ms or sin2r = 2In2.9985





