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1.



Question Scheme Marks AQs
7 (a) r 2 M1 l.1a
——dx==In(3x-k)
J (Gx-k) 3 Al 1.1b
-k
2 2 2
———dr=—In(% —k)—=In(3k-k) dM1 1.1b
J, (Bx—k) 3 3
(EﬁJ —In4 oe Al 2.1
(4)
(b) ¥
;dx: l M1 I.1b
J (2x—k) (2x—k)
- 1k 2 I_ ]
— _dx= dM1 I.1b
), @ T (s —k) (2k—k)
-2 ’k‘l Al 2.1
3k |k ‘
(3)
(7 marks)

(a)

MI1: I - dx = AIn(3x—k) Condone a missing bracket
(3x—k)

2 2
dx==In(3x—k)
(3x—k) 3

Allow recovery from a missing bracket if in subsequent work AIn9% —k — AIn8
dM1: For substituting & and 3k into their A4 In(3x —k)and subtracting either way around

2 8 2
Al: Uses correct In work and notation to show that I = E ln(EJ or ; In4 oe (ie independent of k)

(b)

M1: : ~dx = 2
(2x—k)° (2x—k)

dM1: For substituting k and 24 into their

(2x—k)

and subtracting




Al: Shows that it is inversely proportional to & Eg proceeds to the answer is of the form ‘% with 4 =3

1 1 1 1 1
There is no need to perform the whole calculation. Accept from ———+—= (— —+ l) X — of T

(3k) (k) \ 3 )&

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

If the calculation is performed it must be correct.

C
u=2x-k —}[ } for M1 with limits 3k and k used for dM1
u
Question Scheme Marks AOs
10(a) dH _ Hmﬁ.ﬂ 25t J‘ J'mm 25t
= —dH = M1 3.la
dr
M1 1.1b
InH = —b]l‘lﬂ' 25¢ +c
10 (+<) Al 1.1b
Substitutes =0, =5 = ¢ =In(5) dM1 34
H _ 1 0 1sm25 4 * o
ln[ 3 ] lubmﬂ' 25t = H =5¢ Al 2.1
(5)
(b) Max height = 5¢" =5.53m {(Condone lack of units) Bl 3.4
(1)
57
© Sets 0.25¢ = M 3.1b
314 Al l.1b
(2)
(8 marks)

(a)

. 1 205 0.25¢ .
M1: Separates the variables to reach J.EdH = ILT df or equivalent.

The integral signs need to be present on both sides and the dff AND dr need to be in the correct positions.

M1: Integrates both sides to reach In /f = Asin(.25¢ or equivalent with or without the + ¢

Al: InH = 0 sin0.25¢ + ¢ or equivalent with or without the + ¢. Allow two constants, one either side

If the 40 was on the lhs look for 401In /f = 4sin(.25¢ +¢ or equivalent.



dM1: Substitutes ¢ =0, H =5 = ¢ =.. There needs to have been a single " + ¢ " to find.

It is dependent upon the previous M mark. You may allow even if you don’t explicitly see "t =0,H =5" as
it may be implied from their previous line

If the candidate has attempted to change the subject and made an error/ slip then condone it for this M but not
the final A. Eg. 40In H = 4sin0.25t + ¢ == H¥ =*05 L of 590 14 =

Also many students will be attempting to get to the given answer so condone the method of finding ¢ =...
These students will lose the A1* mark

1. . . i .
Al*: Proceeds via InH = Tosin 0.25¢ +In 5 or equivalent to the given answer H = el 1m0 (ieh at
least one correct intermediate line and no incorrect work.
DO NOT condone ¢'s going to ¢'s when they should be ¢° or 4
o 1 . 1 Gin025+kn5 Lsin025 .
Accept as a minimum In H = —sin0.25t+In5= H =e!¥ or H =el¥ xe before

10
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 correct intermediate line (see above).

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

1 . lﬂsma.zﬁm lﬂsjnu_vﬁr
sin0.25t+¢c= H =¢! = H = Ae!

is to be awarded. In H = 10

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

5

H 4{} [}
Also, for the final two marks, you may see a proof from .I-F dH = J'msu_25: dt
1]

There is an alternative via the use of an integrating factor.

(b)

B1: States that the maximum height is 5.53 m  Accept 5¢”! Condone a lack of units here, but penalise if
incorrect units are used.

(c)

5t
M1: For identifying that it would reach the maximum height for the 2nd time when 0.25¢ = —or 450

Al: Accept awrt 31.4 or 107 Allow if units are seen
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3.
Question
Number Scheme Marks
x 0 0.5 1 1.5 2
3.
¥ 1 2.821 6 12.502 26.585
{a) 1At x =1.} y =6 (allow 6.000 or even 6.00) Bl cao
(1)
b
(b) I—xﬂ.ﬁ : Bl oe
2
{1+ 26.585+2(2.821+ their 6+12.502 )} For structure of {................}: | MIALft
1x05 { 1+ 26.585+2(2.821+ 6+ 12.502 )} :: +(70.231) = 1".-’.55'}‘.,} = awrt 17.56 Al
(4
(c) “ D - Blft
10+ *17.56" ="27.56
(1)
[6]
Notes

(a)
(b)

ic)

Bl: 6

B1: for using 1x0.5 or 4 or equivalent.

M1: requires the correct{ ...... } bracket structure. It needs the first bracket to contain first y value plus last
v 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). M0 1f values used in brackets are x values instead of y values

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

Al: for answer which rounds to 17.56

NB: Separate trapezia may be used: Bl for 0.25, M1 for /2 h(a + b)used 3 or 4 times (and Alft if 1t 1s all
correct ) Then Al as before.

Special case: Bracketing mistake 0.25x(1 + 26.585)+ 2(2.&21+ their 6+12.502) scores B1 M1 A0 AD
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.

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




Question

Number Scheme Marks
dy ]
10. (a) —=12x" +18x-30 M1
dx
Either Or
. _ .y dy 5 . _ Al
Substitute x = 1 to give o 12+18-30=0 | Solve o 12x" +18x-30=0to give x =
. . _ _ Aleso
So turning point (all correct work so far) Deduce x = 1 from correct work (3)
®) Whenx=1, y=4+9-30-8=-125 Bl
Way 1 >
Area of triangle ABP = 1x1x25=125 (Where Pisat(1,0)) Bl
Way I:I(dx"' +9x" — 30x—8)dx = x* p 20 30 gy {+e} or x* +3x" —15x" —8x {+ ¢} | MIALI
3 2
4 3 2 ! 1 Y 1Y 1
[x*+3x" —15x —Rx]_JT =(+3-15-8) — | | -2 | +3{ - | 15| -7 | -8
dM1
—(-19) -2 o _19-102
256
So Area ="their 12.5"+ "IfiEfJ"ZDi" or “12.57+*20.02" or “12.57 + “their 3123, ddM1
256 256
- 325 (NOT -3252) Al
(7)
[10]
Less efficient alternative methods for first two marks in part (b) with Way 1 or 2
For first mark: Finding equation of the line A8 as y = 25x — 50 as this implies the —25 Bl
For second mark: Integrating to find triangle area
2 5 3
j[ZSx—Sﬂ}dx:[“?ﬁx: —Sﬂx} =-50437.5=-125 soareals 12.5 Bl
| 1
Then mark as before if they use Method in original scheme
(b) Way 2: Those who use area for original curve between -1/4 and 2 and subtract area
Way 2 | between line and curve between 1 and 2 have a correct (long) method .
The first BI (1f y=—25 is not seen) is for equation of straight line y = 25x - 50 Bl
The second Bl 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 Bl
I(4x"‘ +9x" - 55x +42)dx = x* +§:¢‘1 - ﬁ%%ﬂx {+ ¢} (orintegration as in Way 1) MIAI
The dM1 is for correct use of the different correct limits for each of the two areas: i.e.
4 3 2
[x+3x° — 152" -8x| | =(16+24-60-16) - [—l] +3(—1J - |5[—l] —8[—1J
-4 4 4 4 4
95 55¢ 2 dM1
And | x +?x — T+ d@2x [ =16+24-110+84—(1+3-27.5+42)
1 2 2 . . 9 , 557 )
So Area =their |:_'c‘J +3x" — 152 —Rx}_* minus their [f +Ex" - Tx+42x}[ ddM1
Le. "their 37.0195" = "their 4.5" (with both sets of limits correct for the integral)
Reaching = 32.52  (NOT -32.52) Al

See over for special case with wrong limits




NB: Those who attempt curve — line wrongly with limits —1/4 to 2 may earn M1A1 for
correct integration of their cubic. Usually e.g. MIAl

s 9 5557
j{t-‘lx" +9x" = 55x+42)de =x" + E.'r'i - Tx +42x |+ c‘}

(They will not earn any of the last 3 marks)

They may also get first Bl mark for the correct equation of the straight line (usually seen
but may be implied by correct line —curve equation) and second B1 if they also use
limits | and 2 to obtain 4.5 (or find the triangle area 12.5).

(a)

(b)

Notes
MI: Attempt at differentiation - all powers reduced by | with 8 =0 .
Al: the derivative must be correct and uses derivative = 0 to find x or substitutes x = | to give 0. Ignore
any reference to the other root (—5/2) for this mark.
Alcso: obtains x = | from correct work, or deduces turning point (if substitution used — may be implied by
a preamble e.g. dy/dx =0 at T.P.)
N.B. If their factorisation or their second root 1s 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.
Way 1:
Bl: Obtains y = - 25 when x = 1 (may be seen anywhere — even in (a)) or finds correct equation of line is
y=25x-350
Bl: Obtains area of triangle = 12.5 (may be seen anywhere). Allow —12.5. Accept 1x1x25

MI1: Attempt at integration of cubic; two correct terms for their integration. No limits needed

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

dM1: We are looking for the start of a correct method here (dependent on previous M). It is for
substituting 1 and -1/4 and subtracting. May use 2 and -1/4 and also 2 and | AND subtract (which is
equivalent)

ddM 1 (depends on both method marks) Correct method to obtain shaded area so adds two

positive numbers (areas) together — one 1s 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

B1: Finds y=-25 at x=1 .or correct equation of line 15 y=25x — 50

Bl: May be implied where WAY 2 is used and final correct answer obtained so award of final Al results
in the award of this B1. It may also be implied by correct integration of line equation or of curve minus
line expression between limits | 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 (no 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

dM1: 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

ddM 1: (depends on both method marks) Subtracts "their 37.0195" - "their 4.5" Needs consistency of

signs.
Al:32.52 or awrt 32.52 e.g. 32% 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

I{4x"‘ +9x" + Ax+ B)dr = x* +§.~r3 - %+ Bx |+ ¢} gives the Al
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5.

Question Scheme Marks
Number
y=8-2" 0, x, 4
L S L Blae
__________________ R pe
Outside brackets EXI or 3 BI;
i(b) “:{8 -2 '}d_‘r:] lx];x{ 75+ 2("their 7" + 6 + 4]|+{]-} For structure of trapezium
: ru_]c{} fora | M1
______________________________________________________________________________________ candidate’s y-ordinates. |
1
{= —x 41_5} = 2075 0e. 20,75 | Al cao
.......................................................................................................................................... K}
1
(c) Area (R) = "20.75" — ~(7.5)4) M1
TS AT5[Aleno
.......................................................................................................................................... 121,
6
Question 2 Notes
ia) Bl For 7 only
(h) B1 For using L=1 or L orequivalent.

M1 Requires the correct|......} 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 y values in the
table with no additional values.

If the only mistake 15 a copying error or 15 to omit one value from 2nd bracket this may be regarded
as aslip and the M mark can be allowed { An extra repeated term forfeits the M mark however
(unless it is 0)). MO 15 awarded if values used in brackets are x values instead of y values

Al For 20.75 or fraction equivalent e.g. 204 or £

Note NB: Separate trapezia may be used : B1 for 0.5, M1 for 1/2 hia + b) used 3 or 4 imes Then Al
as before.

Special | Bracketing mistake 0.5x(7.5 + 0)+2( their 7+ 6 + 4)scores Bl M1 A0 unless the final answer
CASE- | implies that the calculation has been done correctly (then full marks can be given). An answer of
37.75 usually indicates this error.
Common | Many candidates use & x% and score BO Then they proceed with { 7.5+2("their 7" + 6 + 4}+ﬂ}
crror:
and score M1 This usually gives 16.6 for BOM1AO
(c) Ml their answer to (b) — area of triangle with base 4 and height 7.5 or alternative correct method
4
. 7.5 A . .
e.g. their answer Lo (b) — I[?.S—Tr}h— {Even il this leads to a negative answer) This may be
a
implied by a correct answer or by an answer where they have subtracted 15 from their answer to
part (b). Must use answer Lo part (b).
Al 5.75 or fraction equivalent e.g. 5+ or 3




Question

Number Scheme Marks
. Either | M1
{3T_T§ drl = E_t_z +c! x> +Ax or x%—}+ x-: Azl
7. (a) X = -3 75 1+ L Jx o Eax or X e A T
' \2 At least one term correctly integrated | Al
ettt eaeoet st e e metne et et et meemem et et et e aemet et s e ena s s enmemee e OUL SRS COMTECHl integrated | AL
________________ S O
(b) 3 1 1y Sets y =0, in order to find | M1 ~
O=3r—x* = 0=3-x* or {}=_t[3—x3J:>r=_._ .
the correct x* =3 orx=9
it 22
Area(S) = | - — Zx?
2 o
39" (2)00 Applies the limit 9 on an integrated
=| = - |=192|-{0 : :
[ 2 {5}‘ ) 0] function with no wrong lower limit . ddMl.é./l
[ (243 asey | 243 .y A
[ =222 {0} === or 43 == or 243 | Al
2 5 0 1o o
................ L B
6
Question 7 Notes
(a) MI Either3x > +Ax* or x® =t ux®, A, p=0
1" Al At least one term correctly integrated. Can be simplified or un-simplified but power must be
simplified. Then 1sw.
g Both terms correctly integrated. Can be un-simplified (as in the scheme) but the n+1 in each
Al denominator and power should be a single number. (e.g. 2 —not 1+1) lgnore subsequent work 1f
there are errors simplifying. lgnore the omission of “+ ¢ ™. Ignore integral signs in their answer.
(b) L N )
1 M1 Sets y =0, and reaches the correet x* =3 orx =9 (iswif x* =3 is followed by x =J§}
1
Just seeing ¥ = 1ﬁ without the correct x2 =3 gains M0, May just seex = 9.
Use of trapezium rule to find area is MOAO as hence implies integration needed.
ddM1 This mark is dependent on the two previous method marks and needs both to have been awarded.
Sees the limit 9 substituted in an integrated function. { Do not follow through their value of x) Do
not need to see MINUS 0 but 1f another value is used as lower limit — this 15 MO,
This mark may be implied by 9 in the limit and a correct answer.
243
Al — or 243
10
3 ks
Common | Common Error 0=3x—x? = x*=3s0x= \ﬁ
Error Then uses limit sﬁ etc  gains M1 MO AD s0 1/3
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7.

Question

Scheme Marks
Number
May mark (a) and (b) together
6. (a) Expands to give 10x* —20x Bl
10 -= —="20"y" r| M1 Alfi
Integrates to give T X Ta——" (+¢)
- 5 3 Alcao
Simplifies to 4x* —=10x" (+¢) 4)
(b) Use limits 00 and 4 either way round on their integrated function (may only see 4 substituted) | | M
L| dM1

Use limits 4 and 9 either way round on their integrated function

Obtains either £ -32 or = 194 needs at least one of the previous M marks for this to be awarded | Al
‘ "' ddM1,A1
(Soarca= ([ ydx|+ [ydx ) ic.32+194,=226 =
0 4 9]

Notes
(a) B1: Expands the bracket correctly
M1: Correct integration process on at least one term after attempt at multiplication. (Follow correct expansion or

1 3

one slip resulting in 10x* —20x where k may be % or £ or resulting in 10x* — Bx ., where B maybe 2 or 3)

1 x L x H x x
S0 ¥ > — or ¥ - — or x —- — andlor ¥y - —.
A 7 % 2

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

Al: Must be simplified and correct— allow answer in scheme or 4x™* ~10x* . Does not need (+c)

{b) M1: (does not depend on first method mark) Attempt to substitute 4 into their integral (however obtained but
must not be differentiated) or seeing their evaluated number (usually 32) is enough — do not need to see
minus Zero.

dM1: (depends on first method mark in (a)) Attempt to subtract either way round using the limits 4 and 9

Ax9' — Bx9? with Ax4% — Bx4%is enough — or secing 162 ( -32) {but not 162 32 }
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 until last line
of working
ddM1: Adds 32 and 194 (may see 162 + 32 + 32 or may be implied by correct final answer if not evaluated until
last line of working). This depends on everything being correct to this point.
Alcao: Final answer of 226 not( - 226)

Common errors: 4:n:4§ —10x4"+ 4)(9'} —~10x9" — 4><4§ —10%4* =+ 162 obtains M1 M1 A0 (neither 32 nor
194 seen and final answer incorrect) then M0 A0 so 2/5
Uses correct limits to obtain -32 +162 +32 = +/-162 is M1 M1 Al (32 seen) M0 ADQ so 3/5

Special case: In part (b) Uses limits 9and 0 =972 - 810 -0= 162 M0 M1 A0MOAD scores 1/5
This also applies if 4 never seen.
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8.

Question
Number

Scheme

Marks

1.(a)

X 1 1.25 1.5 1.75 2
y| 1414 1.601 1.803 2.016 2.236

1.601 (May not be in the table and can
{Atx =125} y = 1.601 (only) score if seen as part of their working in
(b))

B1 cao

11

(b)

2x0.25: {1414 + 2236 + 2(their 1.601+ 1.803 + 2.016)}

Bl
M1 Alft

Alfi: for the correct expression
cen o oA 1 Mi: Structure of P
Bl: for USlng .;x 025 or — M

3 : as shown following through
= revesnenniannns : candidate’s y value found in
- part (a).

or equivalent.

M1 requires the correct structure for the v values. It needs to contain first v value plus last v
value and the second bracket to be multiplied by 2 and to be the summation of the remaining
v values in the table with no additional values. If the only mistake is a copying error or is to
omit one value from 2(....) 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 v values.

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

Bracketing mistakes: e.g.

[%x&]{l!”ii +2.236 )+ 2(their 1.601+ 1.803 + 2.016)(=11.29625)

1 1
[ExZ]]AH + 2,236+ 2(their 1.601+ 1.803 + 2.016)(=13.25275)

Both score B1 M1 A0 unless the final answer implies that the calculation has been done
correctly (then full marks could be given).

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

[%(1.4l4+ l.6ﬂl}+%[].ﬁ(}l +1.803) +%[].H(}3+ 2.016) +%|[2.(]']6+ 2.236]}

1
Bl for E (ael), M1 for correct structure, 1st Alft  for correct expression, fit their 1.601

[= +(14.49)} = 181125 | 1.81 or awrt 1.81

Al

Correct answer only in (b) scores no marks
If required aceuracy is not seen in (a), full marks can still be scored in (b) (e.g. uses 1.6)

[4]

Total 5




Question Scheme Marks
Number
4. M1: " — ™
4 1
: x

ar  ———

Al: At least one of either .
6(4) (3-1)

x 1 ] x x! % x! i
i —|d = + Al: + or equivalent. MIALAL
“[ 6 3.‘{'] [T @ o)D) 64 -y
£
e.g. b3 (they will lose the final mark

if they cannot deal with this correctly)

Note that some candidates may change the funetion prior to integrating e.g.

]
1 3 n LE 4
j%— 3—:ch'—J3:r' +6drin which case allow the M1 if x" — ¥ for their changed
X

function and allow the M1 for limits if scored

(2ol [ ), () 'Hmm

: —_—
l 6 3¢ 24 -1(3) )

24 —1(3)
2" dM1: For using limits of m.ﬁ and 1 on an integrated expression and subtracting the correct

(BN A .
£

way round. The 2™ M1 is dependent on the 1* M1 being awarded.
2 1 2 1
——=4/3 a=—and b=—-=,
EC A 9

_ ri 1 \| (1 1 _ 2 LJ'E Allow equivalent fractions for @ and/or b and Ales
a qu ENE] ) ) (1.6 recurning and/or 0.1 recurring but do not cso

L4 3
6-3
allow
)
This final mark is cao and cso — there must have been no previous errors
Total 5
Common Errors (Usually 3 out of §5)

LY _; 3 L]
: T ZE _MIALAD

I Il ] I A I-' i

t'[LI_‘|dI —j'x—llt'dr——

1 L6 3x ) | ) a(4) (=1}
i i

Jl-'fr" 3 \IF_-;T l.ﬁ L ( " : L
(2 fu] - [CEL. 2080 (0 s,

14 1

B
L6 3

““‘Efx_ N T (v3)  (3+43) ‘ OV s
S TS e B Y 1 |24

1Y (1 1) 2 43
= - | ——=]==-22A0
\24 33) l2da 3) 3 o
Note this is the correct answer but follows incorrect work.
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10.

(Question

Number Scheme Marks
4 X 0 0.5 1 1.5 2 2.5 3
) y 5 4 2.5 1.538 | 0.690 0.5
At x=1.5,} ¥ =1.538 (onl
{a) 1AL r (only) Bl cao
Il
(b) l #(.5; Bl oe
2
{ 5+0.5+2(4+ 2.5+ their 1.538 + 1+ 0.690))} For structure of {...............} 5 | M1ALft
1x0.5 x{ (5+0.5)+ 2[4 + 2.5+ their L5388 + 1 + (}.690}} {: +(24.956) = 6.239} = awrt 06.24 Al
14]
(c) Adds Area of Rectangle or first integral =3 = 4 or [41]: to previous answer M1
So required estimate = {"6.239" +12= "18.239"} ="awrt 18.24" (or 12 + previous answer). Alft
N.B.7 x 4+ previous answer is M0OAQ (added 4 seven times because 7 numbers in table) [2]
7
Notes for Question 4
(a) Bl: 1.538
(b) B1: for using %x 0.5 or % or equivalent.
MI: requires the currecl{ ...... } bracket structure. It needs the first bracket to contain first y value plus last
v 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 1s 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 v values
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 : Bl for 0.25, M1 for 1/2 h{a + b)used 5 or 6 times (and Alft if it is all
correct ) Then Al as before.
Special case: Bracketing mistake 0.25x(5 + 0.5)+2(4+ 2.5+ their L5338 + 1 + 0.691]} scores Bl M1 AD
Al unless the final answer implies that the calculation has been done correctly (then full marks can be
given). An answer of 20.83 | usually indicates this error.
(c) 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.
Alfi: for 12 + answer to (b)
Alternative | 1DOs€ who do a trapezium rule for part (b)- using the table from (a) with 4 added to each cell of the table
method | Get: M1 for "ri:efr}"x{ 9 +4.5+2(8+6.5+ their 5.538 + 5+ 4.69{])} = (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-9Jx -8
e
{a) 6.272.3.634 | Awrtineach case | Bl1. Bl
Special case 6.27 and 3.63 scores BIB0
(2)
1 1 |
b —x—= — Bl
® 1333
_F 9] e " " " :l .\-Cﬂd J, : or implicd
et (040) +2(5.866 +"6.272"+ 5.210 + "3.634"+ 1.856 )| later for A Lft MIAIfR
(D + 0) may be implied if omitted and follow through their f{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
%xﬂ.ﬁ{[] +0)+2(5.866 +"6.272"+ 5.210 + "3.634"+1.856)
Unless followed by an answer that implies correct (missing) brackets, scores
BIMIAOAD (Usually implied by an answer of 45.676)
%xﬂ.ﬁ{(ﬂ +0)+2(5.866+"6.272"+ 5.210 + "3.634"+ 1.856)}
- L % 45.676
4
=11.42 cao Al
Separate trapezia may be used : B1 for 0.25, M1 for $h(a+b)used 5 or 6
times (and Alft all correct )
NB éx 0.5{(0+0)+2(0+5.866+"6.272"+ 5.210+"3.634"+ 1.856 + D)}
Scores BIMOADAO
Correct answer with no working scores /4
4)
M1: ¥ = x"" on any term
, 2 Al: 27x-x
[yde=27x—x" —6x% +16x7' (+c) - MIAIAIAL
Al —bx?
Al: +16x"
Accept any correct and possibly unsimplified versions for the terms and mark
(c) in this order on Epen
. Attempt to subtract either way
(27{4] _(4): ~6(4)" + [5{4}" ) round using the limits 4 and 1.
Dependent on the previous M1. May
" 2 El -1 be implied by 48 — 36 but you may dMI
_(H?( 1)- {1} - 6( l}' * lf){l] ) need to check both their values if the
integration has errors.
= (48 — 36)
12 Cao (Penalise -12) Al
(6)

[12]
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12.

Question Scheme Marks
number
7 (a) x 0 0.25 0.5 0.75 1
y 1 1251 | 1.494 | 1741 2 BI, BI
(2)
b Bl MLAI fi
(b) %x(}.zi, {(1+2)+2(1.251+1.494+1.741)} o.e.
=1.4965 Al
(4)
6 marks
Notes (a) first B1 for 1.494 and second B1 for 1.741 ( 1.740 1s B0 )

Wrong accuracy e.g. 1.49, 1.74 1= BIBO

(b) B1: Need 2 of 0.25 or 0.125 0.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 1if values used 1n brackets are x values instead of v values

Alft follows their answers to part (a) and 1s 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 in table)

Separate trapezia may be used : Bl for 0.125, M1 for Lh(a +b)used 3 or 4 times (and Alft
1f 1t 15 all correct )

e.g. 0.125(1+ 1.251)+ 0.125(1.251+1.494) + 0.125(1.741 + 2) is M1 A0

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 A0 AO for 9.347 If the final answer implies that the calculation

has been done correctly 1.e. 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, Bl BO
BIMIALft then Al (lose 1 mark)

NB Bracket is 11.972
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Question Scheme Marks
number
6: (a)
x 1 1.5 2 2.5 3 3.5 4
¥ 16.5 7.361 4 2.31 1.278 0556 |0 Bl, Bl
(2)
®) 1 0.5 16.5+0)+2(7.361+4+2.31+1.278+0.556
5%05, {(165+0)+2(7361+4+2.31+1278+0.556)} B1, M1A1H
= 11.88 (or answers listed below in note) Al (4)
(c) 4 2 4
6 X ae=|-20_2 MI Al Al
L xt 2 x 4 |
=[4-4+4]-[-16-1+]] dM1
= 11+ or equivalent Al
(3)
11
Notes (a) B1 for 4 or any correct equivalent e.g. 4.000 B1 for 2.31 or 2.310

(b) B1: Need 0.25 or ¥4 of 0.5
M1: requires first 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
1
Exﬂ.ﬂ{]6.5+ﬂ] +2(7.361+4+2.31+1.278+0.556) scores B1 M1 A0 A0 unless the

final answer implies that the calculation has been done correctly (then full marks )
A1ft: This should be correct but ft their 4 and 2.31
Al: Accept 11.8775 or 11.878 or 11.88 only
(c) M1 Attempt to integrate ie power increased by 1 or | becomes x|

Al two correct terms, next Al all three correct unsimplified (ignore +c)
(Allow =16x~" =0.25x" +1x or equivalent)

dM1 (This cannot be earned if previous M mark has not been awarded) Uses limits 4 and |
in their integrated expression and subtracts (either way round)

Al 1l.25or 11 % or 45/4 or equivalent ( penalise negative final answer here)

Alternative
Method for

(b)

Separate trapezia may be used : B1 for 0.25, M1 for L h(a + b)used 5 or 6 times ( and A1ft all
correct for their *4" and *2.317 ) final A1 for 11.88 etc. as before

In part (b) Need to use trapezium rule — answer only (with no working) is /4 -any
doubts send to review In part (¢) need to see integration
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14.
%‘fﬁgﬁp Scheme Marks
6.
@ x] 2] 225 | 25 | 275 | 3
v| 05| 038 |0298507...[0.241691... | 0.2
At {x =25} y = 0.30 (only) At least one y-ordinate correct. | B1
At {x =2.75,} y =0.24 (only) Both y-ordinates correct. | B1
(2)
Outside brackets 1x0.25 or + | B1 aef
For structure uf'{} Yy
(b) ;—xﬂ.ES :x{ 0.5+ 0.2+2(0.38+ their 0.30 + their 0.24}} Correct expression
inside brackets which all must q"_
be multiplied by their “outside Al
constant™.
{: §{2.54]} = awrt (.32 awrt 0.32 | A1
(4)
(c) | Area of triangle = % x1%0.2 = 0.1 B1
Area(5)="03175"-0.1 M1
=0.2175 Al ft
(3)
[9]
?Jienigeorn Scheme Marks

Notes

(b) | BI for using £x0.25 or ¢ or equivalent.
M1 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 0.32.

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

then award M1AQAO for either %x 0.25 x 0.5+ 2({0.38 + their 0.30 + their 0.24) + 0.2

(nb: yielding final answer of 2.1025) so that the 0.5 1s only multiplied by ;—x(}.ZS

or %xﬂlﬁ * {{].5 +0.2)+2(0.38 + their 0.30 + their ﬂ.24]




(nb: yielding final answer of 2.1025) so that the 0.5 is only multiplied by ;—x[}.Qﬁ
or %xﬂ'.Zﬁ b [{],5 +0.2)+2({0.38 + their 0.30 + their ﬂ.24]

(nb: yvielding final answer of 1.9275) so that the (0.5 + 0.2) 1s multiplied by %‘x 0.25.

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.)

(©)

Bl for the area of the triangle identified as either %x 1x0.2 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
atternpt!)

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 Alft if
they round their answer correct to 2 dp.
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Question Scheme Marks
Number
1. (a)2.35, 3.13, 4.01 (One or two correct B1 B0, all correct B1 B1) | B1 B1

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’.

(2)

(b) =% 02 .. (or equivalent numerical value) B1

k1+5)+2(1.65+ p+g+r)}, kconstant, k #0  (See notes below) | M1 A1
=2 828 (awrt 2.83, allowed even after minor slips in values) A1

The fractional answer % (or other fraction wrt 2.83) 1s also acceptable. ()

Answers with no working score no marks.




(a) Answers must be given to 2 decimal places.
No marks for answers given to only 1 decimal place.

(b) The p, g and r below are positive numbers, none of which 1s equal to
anyof: 1,5, 1.6502,04,060r0.38

M1 AL k}(1+5)+2(1.65+ p+g+r))
M1 AO: kj(1+5)+2(1.65+ p+q)} or kf(1+5)+2(p+g+r)|
MO AQ: 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 1s considered as a slip and the M mark 1s allowed.

Bracketing mistake: i.e. lzx 02(1+5)+2(1.65+235+3.13+4.01)

|
instead of —x 0.2{(1+5)+2(1.65+ 2.35+3.13+4.01)}, so that only

the (1 + 5) is multiplied by 0.1 scores Bl 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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?\]L:f::;g? Scheme Notes Marks
3 x| o | 0.2 | 04 | 06 | 08 | 1 |,.:6
) vl 2 | 1.8625426.. | 1.71830 | 1.56981 | 1.41994 | 127165 ||~ (2+¢")
(a) {At x =0_2,} v = 1.86254 (5 dp) 1.86254 | Bl cao
Note: Look for this value on the given table or in their working. [1]
Outside brackets —I % (0.2)
) ) . I 2 . Bl oe.
ib) ;m_z}[2+|_2?1ﬁ5+2{lhcir 1.86254 + 1.71830 + 1.56981 + 1.41994}_- or m or ;xg
For structure of [] Ml
1
{: mtlﬁ.4l283} } =1.641283 =1.6413 (4 dp) anything that rounds to 1.6413 | Al
, 3]
(c) {u =¢" or x=Ilu b |[
6 6
E:e*urﬁ:nnr E:l or d!f=i='dretc.,andt| - dx=f} du See Bl *
dx dy  u (e"+2) (u+ 2u notes
x=0} P a=¢" P ag=1 a=land b=e or h=e' -
x=1} b h=¢'"b h=¢ or evidence of 0 —1 and 1 —e
NOTE: 1" Bl mark CANNOT be recovered for work in part (d) [2]
NOTE: 2™ Bl mark CAN be recovered for work in part (d)
d
“5331 6 4 B Writing A B . 0.e.0r L £ + 0 \
. u(u+2) u  (u+2) ulu+2) u o (u+2) u(u+ 2) u  (u+2) M1
b 6. Afu+2)+ Bu o.e., and a complete method for finding the value of at least one of
o their 4 or their B (or their P or their 0)
u=0Pb A=3 Both their 4 =3 and their B =-3. (Or their P=. and their |
B A
u=-2p B=-3 () = =% with the factor of 6 in front of the integral sign)
M N
6 3 3 Integrates — + CMONJETO;
du=||=- o du u utk M1
uu +2) . (u+2) (i.e. a two term partial fraction) to obtain either
+4 + +k)); 1
Si-3need) | A0 or EuMPULR): hipanf 1
— 3002 —3In(2u+ 4 ntegration of both terms is correctly followed throug .
or =3ln2u =3ln(2u+4) from their M and from their N. | A1 1t
Iso |:3Imr - 3ln(u + g}]” ] dependent on the 2* M mark
l ) ' Applies limits of € and |
= {31n{e} —3In(e +2]] - (31511 —3ln3} (or their b and their a, where b=0,b" 1,a=0) inu | dMI
[Note: A proper consideration of the or applies limits of | and 0 in x and subtracts the
limit of # =1 is required for this mark] correct way round.
=3-3In(e+2)+3In3 or 3(1-Infe+2)+ In3) or 3+ SIn[i]
e+
tes | Al cso
e B! o fe+2 [ 3e [ 27¢ see notes
or 3ln =3ln, —| or 3-3ln —| or 3lnj——| or In —J
e+2 3 L3 le+2 L(e+2)"
Note: Allow e' in place of e for the final Al mark. 6]
Note: Give final AD for 3—3Ine+2 + 3In3 (i.e. bracketing error) unless recovered. 12

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

Note: Give final AD for 3Ine-3In(e+2) + 3In3, where 3lne has not been simplified to 3




Question 3 Notes

3. (b) Note | M1: Do not allow an extra y-value or a repeated v value in their [.._]
Do not allow 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 1s 1.64150274...)
Note | Full marks can be gained in part (b) for awrt 1.6413 even if B0 is given in part (a)
Note | Award BIMIAI for
1 .
—(2+1.27165 +l their 1.86254 + 1.71830 + 1.56981 + 1.41994) = awrt 1.6413
10 'i(
Bracketing mistakes: Unless the final answer implies that the calculation has been done correctly
1 e :
Award BIMOAD for E({LZ} + 2 + 2(their 1.86254 + 171830 + 156981 + 1.41994) + 1.27165 (=16.51283)
1 .
Award BIMOAD for E[{LZ}[E + 1.27165) + 2(their 1.86254 + 1.71830 + 1.56981 + 1.41994) (=13.468345)
Award BIMOAD for %[0,2}[2} + 2(their 1.86254 + 1.71830 + 1.56981 + 1.41994) + 1.27165 (=14.61283)
Alternative method: Adding individual trapezia
{2+ "1.86254"  "1L.B6254"+ 171830  L.71R30+ 156981 1.56981+1.41994 1.41994+ I.Z?’lfsS}
Area =02 % + + + +
2 2 2 2 2
= L.641283
Bl 0.2 and 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
3.(c) 1* B1 | Must start from either
. f}_v dx, with integral sign and dx
A—C  dr, with integral sign and d
. . with integral sign an
0 (e" +2) el =g
6
. - —rdu._ with integral sign and EJ:In
(e" +2) du du
and state either du =¢" or du =y or dx = ! or du=uwudx
dx dv du
6
and end at ‘07 du, with integral sign and di . with no incorrect working.
u(u + 2)
N So, just writin du _ e’ and - 6 dr = - 6 du 1s sufficient for [* Bl
Note ) ¢ dx 0(&‘+2} _Gu(u+2)
Note | Give 2™ B0 for b= 2.718..., without reference to a=1 and h=e or b=e¢'
Note | You can also give the 1* Bl mark for using a reverse process. i.e.
6
Proceeding from b— di to b dx, with no incorrect working,
ulu +2) (e" +2)
and stating either i =e" or du =u or d = 1 or du=udy
dx dx du  w
3.(d) Note | Give final AD for 3=3In{e+2) + 3In3 simplifying to 1=In{e+2) + In3

(1.e. dividing their correct final answer by 3)
Otherwise, you can ignore incorrect working (1sw) following on from a correct exact value.

Note [ A decimal answer of 1.641502724... (without a correct exact answer) is final AD

Note {—3[n(u+ N+ 3Inu]: followed by awrt 1.64 (without a correct exact answer) is final M1AD




Question 3 Notes Continued

3. (d) Note | BE CAREFUL! Candidates will assign their own *4™ and *8” for this question.
Note | Writing down _& in the form + B with at least one of 4 or B correct is 1* M1
(u+ 2 u+2) w
Note | Writing down 6 as =3 + 3 is [* M1 1" Al
(e + 2)u (u+2) wu
Note | Condone [é __3 ]du to give 3lnu —3Inu+2 (poor bracketing) for 2™ Al.
u  (u+2)
Note | Award MOAOMIALfi for a candidate who writes down
6 O 6
X du = {—+ ] du = 6lnu + 61n{u+2)
w(u+ 2) u (u+2)
AS EVIDENCE OF WRITING % AS PARTIAL FRACTIONS.
ulu +
Note | Award MOAOMOAD for a candidate who writes down
6
f} du = 6lnu + 6ln(u+2) or {‘] du = Inu+6ln(u+2)
ulu+2) wiu +2)
WITHOUT ANY EVIDENCE OF WRITING ﬁ as partial fractions.
wlu +
Note | Award M1AIMI1AI1 for a candidate who writes down
f] du = 3lnu - 3n(u+2)
ulu + 2)
6
WITHOUT ANY EVIDENCE OF WRITING ﬁ as partial fractions.
w(u +
Note | If they lose the “6™ and find &I ( 1 2]1:1n*. we can allow a maximum of MIAOMIAIRMIAD
1o+
Question 3 Notes Continued
2w +2
3.) | [f_b g [3tDy, _[Su_g4,
Way2 | |Ju'+2u w +2u w +2u

v ta(2u+2) WY ;
——{du} tdu!, a,p.620 | N
A2 (6 4 = S boed (o | Jrr bl ERC YT 1l
u +2u u+2 -
Correct expression | Al
+M(2u+2 N ; :
Integrates .( Lt + . M, N. k"0, 10 obtain
w +2u utk -
any one of +AIn(e’ +2u) or + uln(Blu+k)): .

=3In(t’ +2u)—6Infu+2)

A, pro

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

— (3ln(c" +2c)—()|n(c+2)) - (3|n3— 61n3) or applies limits of | and 0 in x and

! So.[Sln(u“ +2u) - 6In(u + 2)]: : Applics limits of ¢ and |

dependent on the 2** M mark

(or their b and their a, where

b>0.b"1.a>0)inu | M!

subtracts the correct way round.

= 3In(e’ +2¢) - 6In(e +2) + 3In3 3In(e” +2¢)—6In(e +2) +3In3 | Al o.c.




17.

3. (d) Applying u=6-1
‘\"a}- 5 ] e l+e i g1
1 du = —did = d =3l —] M
[_[ uu+2) |, {.u_mmn L -1 [ o ] MIAIMIAL
(l+e-1 ] ) ] 3% M mark is depend
pendent
= 30| —— - _]n I —3]n{1“,)J o o | AMIAL
| [6]
Question Scheme Motes Marks
MNumber
5. y=e¢' +2e *0
Way 1 Ind A2
For s T2
|7 =}:r0 (e"+2c ]dx or 7 | (e" + 2¢7) Bl
v Ignore limits and dr. Can be implied.
In4 Expands (e*’ +2e" ) — tge” e ™ + § where
— 1 2 -2x
- {‘TIJ. (e +4e + 4}:[1‘ a, 3,0 =0, Ignore &, integral sign, limits and dx. Ml
0
This can be implied by later work.
Integrates at least one of either e to give +—e™"
g E 3 M1 =y
N , 7
o or *ffe "o give t%e Ta,p0
1 2
- [ ;r}{—e T=ZeT 4+ 4x] dependent on the 2™ M mark J
' e 4 47t —>%e1‘ 2e7 | Al
which can be simplified or un-simplified
4 — 4x or 4e"x | Bl cao
dependent on the previous
method mark. Some evidence of
i1 3 applying limits of In4 o.e. and 0
= {;r} I\'I\?t’*“”' — 2e7= L 4(In 4}} — =" = 2"+ 4{0) J to a changed function in x and | dM1
subtracts the correct way round.
Note: A proper consideration of
the limit of 0 is required.
= {JT}[[E —l+ 4In4}—[l —2] J
8 2




5 5 (75 \
=T—_'.fr+4;r]n4 or ?_—';r+3:rln2 or }T'?—_+41I‘I4J or E[E+8In2]
8 8 L8 _ 8

- Al 1sw
75 e 75 e T 1 -
or —g+In2"" or —x+ xln256 or In| 27e® or —:r[?ﬁ+.12|n4}., etc
3 8 ) %
17]
7
Question 5 Notes
5. Note | « is only required for the 1 Bl mark and the final Al mark.
Note | Give 1*' BO for writing ﬂ'b v dx followed by Z:rf}l{e" + 2" }_d.\'
Note | Give 1* MI for [e’ +2e7" :]: — e + 4 + 2" + 2" because § = 2" + 2&"
Note | A decimal answer of 46.8731... or x{14.9201...) (without a correct exact answer) is A0
Ind
Note ,.T[;—g:‘ P 4;\-} followed by awrt 46.9 (without a correct exact answer) is final AM1AD
Note | Allow exact equivalents which should be in the form ax + brlnc or m{a + blnc),
75 3 150 6
where @=— or 9= or 9.375. Do notallow a@ = — or 9—
8 8 16 16
Note | Give BIMOMIAIBOMIAD for the common response
In4 In4 —lmd
}rI {c” +2e rJ-d.'r — .'r-" [c"” +4e "”]d.‘f = Jr[lc:” — 2| = Ejr
[ ' v ) 2 _Ii; 8
Question Scheme Notes Marks
Number
5. y=e"+27, x%0
Way 2 . 2
: [ o . o2 For ,'rj.{e" +23'*}
t! =],;1'0 [e +2e ]d_\' Bl
' lgnore limits and dv. Can be implied.
d )
u=e¢" p ﬁ:et =y and x=Ind P u=4,x=0 b u=e"=1
o2 o 4 1
V= {:r:J [u+:] —du ={Jr}Jl [u: + — +4J—d1r
. ul ou . u i
{e" + Ze"'}_ — tautfu+ou’
q
{
={:r}J |\u+i}+i]du where u=¢", @, B,.5=20. | Ml
1 wou Ignore ., integral sign, limits and du.
This can be implied by later work.
. . &
Integrates at least one of either e uto give 151." M1 N
or + j -3 . E -2 9 , .
+ futo give + Sl a, 70, where y=e
_ {'T}B_”: _ 31 + 41““} dependent on the 2" M mark —J
u- . 1 _3
' H+du — E“- -2uT, | Al
simplified or un-simplified, where y ="
4" — 4lny. where y =e* | Bl cao




18.

dependent on the previous method

integrated function in x| and subtracts

mark. Some evidence of applying
limits of 4 and | to a changed
function in u [or In4o.e. and 0 to an

the correct way round.

dM 1 J

- {;r}f[s _ %+ 4In4}—::% _ ] ]

75 75 75
=—nr+4rind or —7+87In2 or :r'?—'+41n4] or .T[E+3In2]
8 8 ] _ 8

; Al isw
75 s 15 == 1
or —z+In2"or —x+xln256 or In 2%e® | or —x(75+ 32 In4},_ etc
N 3 L )3
| [7]
Question Scheme Notes Marks
Number
7. ﬁ=.fr (h=9), 9<h<200; h=130,ﬁ=—l.l
dr dr
Substitutes i = 130 and either dh =-1.1 or di = 1.1
(a) ~L1=k4(130-9) P k=.. dr dr MI
into the printed equation and rearranges to give k= ...
sa,k:—Lor -0.1 k:—icr -0.1 | Al
10 10
12]
(b) I dh I Separates the variables correctly. dh and dt should not be in
. —=| kd the wrong positions, although this mark can be implied by | Bl
Way 1 qff? -9 later working. lgnore the integral signs.
1
I(h -9) *dh = J kde
Integrates =4 togive (-9 A, "0 | MI
X (h—‘}] - ¥ 5
(h-9)° 1
— =kt (+c h-9): h—9) . o
(4 (+¢) (-9 _ kt or ( )y _ (their k), with/without + ¢, | , |

(£)

(%)

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

|t=0,h=200 b | 2.J(200-9) = k(0) + ¢

Some evidence of applying both
t =0 and h= 200 to changed equation

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

MIW

P c=2v191 P 2(h-9)" = —0.1r + 24191
{h=50=} 2 (50-9) = — 0.1z + 24f191
= ..

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

to find the value of 1 = ...

dMlJ

r = 20.f191 — 20.f41

or f=148.3430145... = 148 (minutes) { nearest minute)

t = 204191 — 20431 isw

or awrt 148

Al cso

[6]




19.

(b) ok T Separates the variables correctly. dh and df should not be
Wav 2 I = J. k dr in the wrong positions, although this mark can be implied | Bl
. wf(1—-9) o by later working. Integral signs and limits not necessary.
E ) T
I (h—9) Ed}r:J k dr
L1} [}
=)
Integrates —— togive +u(h=9); A, 00 | Ml
|7 o pyl(h=9); 2,
CE h-9)¢ h-9)°
(4) ! th - i ) _ kt or h-9) (their k ), with/without limits,
(1) (£) Al
or equivalent, which can be un-simplified or simplified.
Attempts to apply limits of s =200, h=50
7 _2 ’f —
2VAT =2 I9T= &t or kT and (can be implied) t = Oto their changed equation | Ml j
B 2,41 -2 191 dependent on the previous M mark M1 _J
= —0.1 Then rearranges to find the value of 1 = ...
1= 20191 - 2041 1= 2041912041 or awrt 148 | , |
or [ =148.3430145... = 148 (minutes) ( nearest minute) or 2 hours and awrt 28 minutes
[6]
8
Question 7 Notes
7. (b N Allow first Bl for writing dr ] or di 1 or equivalent
. ote S | v i :
®) dh k:.h!:— 9) dh  (their K)+/(h =9)
dr 1 . 2 s .
Note | === leading to t = = 4[{h=9) (+ ¢) with/without + ¢ is BIMIAI
dh k:.hh - 9) k
Note | After finding k& = 0.1 in part (a), it is only possible to gain full marks in part (b) by initially writing

df‘! L] dﬁ v dff 1 d.lif L]

— ==k ih—=9) or =fA—kdror — = —0.1.f(h—9) or =n-0.1ds
dr 0;’_’[;;_9} 0 dr 0 ['(,i,_g) 0
Otherwise, those candidates who find & = 0.1 in part (a), should lose at least the final Al mark in
part (b).




Question

Number Scheme MNotes Marks
8. | x=30sing, y=sec’s, 059::%
{a) {th:ny:ﬂ.}E=sec"9:>cos"f?=% ::casﬂ:%ﬁﬂ:% Sets y=8 tofind 8
and attempts to substitute their & | M1
k (or x) =3[§]sin[§] into x = 3@sind
Ve 3
s«:..l‘c(c:.rx}:ﬁ —ﬂ.cnr—"T Al
2 2 24’5
Note: Obtaining two value for £ without accepting the correct value is final AQ |12]
dx 3@sind — 3siné + I cosH
b — =3sinf + 30cosd Bl
() da SE Areos Can be implied by later working
. dr
dy . Applies [+ K sec’ @ [111' —]
{J.yd; tdﬂ}} - J{sec 0)3sind + 30cos0) | d0) pplics (+Ksec’d )| their 7o |
Ignore integral sign and d&; K ' 0
. i . Achieves the correct result no errors in their working, e.g.
= 3095&4:' & + tanfsec” 7 A bracketing or manipulation errors. | Al *
Must have integral sign and d#@ in their final answer.
x=0and x=k = @=0 and ,ﬁ'=% e =0 and ﬂ:% or evidence of 0 —0 and k—:»% Bl
Note: The work for the final Bl mark must be seen in part (b) only. [4]
Osec 0 — AOg(6) - Bj'g(a). A4>0,B>0,
where g(0)is a trigonometric function in # and | M1
_ : i ; g(0) = their §sec’ 0d. [Note: g(d) * sec’ 0]
SC) ‘ 0()sec’ 0do | = 0tan0—0tan(){d0} . :
Wayl | | dependent on the previous M mark
Either ifsec’ @ — Aftan0- Bftan0, 4>0,B>0 | o0
or Osec’) — Otand- Itano
= @tand - In(sec ) Osec” @ — Otanf - In(secd) or ftand+ In(cosl) or
or = ftan@+In(cos0) ABsec® @ — A0tanO— Aln(secd) or A0tanf+ Aln(cosO) | Al
Note: Condone @sec’ — Otand- In(secx) or Otand+ In(cosx) for Al
o ) ] tan@sec’ @ or Atan@sec’ @ — +Ctan’ @ or +(Csec’ @
| (tanfsec” 0do | e Ml
( ) or + Cu~, where u = cos@
s x5 L g ¥ 3 1 25 >
= —tan" @ or —sec tan@sec” @ — —tan @ or —sec™ @ or or tan” @ — —sec @
2 2 2 2 2cos’ 0 2
or 2L where u = cosf or 0.517*, where u=cos@ or 0.5u°, where u = tanf) -
u 5 i ) A 5
1 i or Atanfsec 8 — -)—lan' d or isec‘ é or -
or —u° where u=tan@ 2 2 2cos” 8
2 or 0.54u?, where u=cos@ or 0.54u>, where u = tan@
f 3 i 3 _;
Arca(R)l =| 30tanf— 3ln(scc9)+ tzm *@| or | 30tanf-3In(secH)+ ;scc'(}
f3-3n2+2 (3)] ) or (3(Z\f5 3 |-(3)
n r —-— - 2 - - -
& s 2(4’] \2)
1 9 (1 206) Al
= — - = Rl - —In8 =
2+w[§/r 3In2 or 2+\/37r+31n[2) or 2+‘l3-’/7 ns or lnlsc J e




Question

Number Scheme Notes Marks
B.(c) Way 2 for the first 5 marks: Applying integration by parts on b(ﬁ + tan#)sec’ #d
Way 2 du ;
‘ u=04+tanf = d—: 1+ sec™ @
§(@sec’ @+ tanOsec’ 0)d0 = (0 -+ tan)sec” 040, ) ¢
v ,
—=sec = v=tand=g(¥
d0 a()
h(#) and g(@)are trigonometric functions in fand g(#) = their f]sec: fdg. [Note: g(d) ! sec’ @]
A6 + tan@)g(@) = By(1 + h(@)g(@), 4>0,B8>0 [ Ml
dependent on the previous M mark
: (1) Either : :
= (0 + tan)tand — ) (1 + sec’ B)tan 9| d0) ither 4[ (6 + tanf)sec’ 0 | —
A(0 + tan#)tand — By (1 + h(@)tand, 4 * 0, B>0 | dMI
or (0 + tand)tan® -t,u + h(@))tan@
= (0 + tnB)tanf - ) (tan 0 + tanPsec’ 4) | 6|
o Mg — 1 o osec? ol do) (0 + tan@)tand —In(sec) o.e.
= (@ + tan @) tan & — In(sec &) — [ tan Fsec” & dd}
( ( ) 0 =) or A[{H . tani‘)}tanﬁ'—ln{secﬂ}] 0.€. Al
i tanfsec’ @ — £ Ctan” @ or £Csec’ @ | Ml
= (@ + tan @) tan & — In(sec &) = —tan” & 1 .
2 (& + tan@)tan - Etan' &
| N :
or = ({ + tan@)tan - In(sec ) = —sec™ & ete. 1 . Al
2 or (@ + tand@)tand — ESEC' (2]
MNote Allow the first two marks in part (c) for ftan - ‘utanﬂ embedded in their working
Naote Allow the first three marks in part (¢) for @tan# — In(sec#) embedded in their working
" ) 2 1, 3 1
Note | Allow 3™ M1 2™ Al marks for either tan” & - Emn' & or tan”# - Esec'ﬂ
embedded in their working
(Question 8 Notes
8. (a) Note | Allow M1 for an answer of & =awrt 2.72 without reference to 37 or 2%
21_.! 3
i . . (Y . . iz ir
Note Allow M1 for an answer of & = 3(arccos(—,))mn(arccos{{-}] without reference to or
- ) 2; 3
Note | E.g.allow MI for &= 60T, leading to k = ¥60)sin(60) or k = 9043




Question § Notes Continued

8. (b) Note | Togain Al, df does not need to appear until they abtain lf}[l‘?scc: & + tan @sec” §)do
. dx Code L . o
Note For M1, their E, where their E ' 3@sin#, needs to be a trigonometric function in &
Note Writing (‘){sec_'()}{Bsin() + 3fcosd) = ib{f}se{:: f + tan Psec’ #)Ydé@ 1s sufficient for BIMI A1
. dx . - L. v dx ot 2 1

Note | Writing - 3sind + 30cosH followed by writing U“ﬁ dd = :0{{)53:'0 + tanfsec” 8)d@

is sufficient for BIMI1A|

1 1 E i b -
Note | The final A mark would be lost for 0 1()39"’10 + 3fcosd = 30{()5'::‘ 8+ tan@sec” #)de
cos’

[lack of brackets in this particular case].

Note Give 2* B0 for =0 and /= 607, without reference to g= %
(c) Note A decimal answer of 7.861956551... (without a correct exact answer) 15 AD.
Note | First three marks are for integrating #sec” @ with respect to
Note Fourth and fifth marks are for integrating tan #sec” @ with respect to 6
Note | Candidates are not penalised for writing ln‘secq as either In(sec)or Insecd
Note Osec” # — Otand + In(sec ) WITH NO INTERMEDIATE WORKING is MOMOAO
Note fsec’ @ — ftan - In{cos@) WITH NO INTERMEDIATE WORKING is MOMOAD
Note fsec” # — Ptan - In(secd) WITH NO INTERMEDIATE WORKING is MIMIA]
Note Bsec’ @ — Ptan @+ Infcos@) WITH NO INTERMEDIATE WORKING is MIMIA]I
L ’ d . .
MNote Writing a correct uv - Uri with v =#.,— = tand, & 1 and v = their g(#) and making
dx da de
one error in the direct application of this formula is 1* M1 only.
8.(c) | Alternative method for finding bmnf)secl ade

u=tanf = ﬂ=Sve4::£?

dé&
ﬂ=5|:lc:"cﬂ-' = yv=tanf
dé

ﬁtanl’}sec:ﬁd(): tan” & ﬁmnf}seclﬂd{)‘
=] 2ﬁtanﬂsec:{)d0= tan® @

jrandsec* 040 = Jtan®0

tanfsec’ @ or — +Ctan’ @ | MI

tan @sec” # — %tan: & | Al

3

i =sect

= ﬁ =secftanf I
or dé
dv |
— =secfHtand = v=secH
d& j

=] ﬁtanf?secﬁ’)d-‘?: sec’ ()—bsec:ﬁran(,’dﬁ
=] Zﬁtanﬂsec:{)dﬂz sec” @

0 tanfsec” #dd = %sec: a

tanfsec’ @ or —» +sec’ @

Ml

tanfsec”  — % sec’ @)

Al
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20.

Question Scheme Marks
Number
R X[ 1 1.2 14 L6 L8 2 Pl
' v 0 | 02625 | 0.659485.. | 1.2032 | 1.9044 | 2.7726 y=x s
(a) 1AL x=14] y=0.6595 (4 dp) 0.6595 | Bl cao
11]
Outside brackets
1 \ 1 1 >
= x%(0.2) x [u +2.7726+2(0.2625 + their 0.6595 +1.2032 + 1.9044 :] L %(02) or — | Bloe
b |2 - 2 10
For structure of
{Note: The “0” does not have to be included in [......]} [ ] M1
1 \ .
{— m{l[].HE 18) } = 1.08318 = 1.083 (3 dp) anything that rounds to 1.083 | Al
131
d
=y = E" =—
() o[, | v
Way 1 -ll —JJ In xdx ]' . dv
—= V==X
dx 3
Either x* lny — 23" lnx— j,u.\'_' = I:;d..\';
i MI
IR or 434 _ Ty .where A, u=0
_Tlﬂ'f_j‘% l|Ili*~'§ Al j#x fax} me
2 lnx - %lnx —J”"Tk%]{d_r} | Al
simplified or un-simplified
S L L mx-I, simplified or un-simplified | A1
3 9 3 9
X - dependent on the previous
X X " 3 M mark. Applies limits of
Area(R) =+¢| =Inx —— [ﬁ B (g L) pp
(R) [ 3 g | [ E In2 9 J |\ 0 g 2 and 1 and subtracts dml
- the correct way round
7 8 7 1
=—In2 —— —In2—-— or —(24In2-7) | Al oc eso
9 3 9 9

5]




P du
=

w=x i = 2x
(c) — 4t e _ . 3
Way 2 I=x(xInx —x) jh.‘c[.\c Inx — x)dy &
—=lnx = v=xlhx-x
dx
So, 3= x*(xlnx — x) +I2x3 dx}
A full method of applying & = x*, " = In x o give
| ' A (xlnx - x) £ ,ujx: |dx} Mi
and 1= E.r:[.r].n r—x}+ E!lr: {dx! 1 "
i . 2 el
3.‘{ (xInx —x)+ 3J.2.1 idrl Al
simplified or un-simplified
1 5 2 ! L - . -
= =x (xlnx-x) + X %In x - % simplified or un-simplified | Al
Then award dMIAT in the same way as above | M1 Al
15]
9
Question 2 Notes
2. (a) Bl | 0.6595 correct answer only. Look for this on the table or in the candidate’s working.
. | 1 1 | .
(b) Bl | Outside brackets —= (0.2} or —x—or — or equivalent.
2 2 5 10

M1 | For structure of trapezium rult:[ ]

Note | Mo errors are allowed [eg. an omission of a y-ordinate or an extra y-ordinate
or a repeated v ordinate].

Al | anything that rounds to 1.083
Note | Working must be scen to demonstrate the use of the trapezium rule. {Actual arca 1s 1.070614704..)

Note | Full marks can be gained in part (b) for using an incorrect part {a) answer of 0.6594

_ 1
Note | Award BIM1AI for m[?_??ih} + ;{{1.2625+ their 0.6595 +1.2032 + 1.9044) = awrt 1.083

Bracketing mistake: Unless the final answer implies that the calculation has been done correctly
Award BIMOAD for 5'{”.23 + 2(0.2625 + their 0.6395 + 1.2032 + 1.9044) + 2.7726 (answer of 10.9318)

Award BIMOAD for %{Ullfl???ﬁ‘] + 2(0.2625+ their 0,6595 + 1.2032 + 1.9044)  (answer of 8.33646)

Alternative method: Adding individual trapezia

0+02625 0.2625+"0.6595" "0.6395"+1.2032 1.2032+1.9044 19044+ 2.7726
Avea =02 = 1 S t 3 + 3 1 3

=1.08318...

Bl | 0.2 and a divisor of 2 on all terms inside brackets

M1 | First and last ordinates onee and two of the middle ordinates inside brackets ignoring the 2

Al | anything that rounds to 1.083




21.

(<) Al | Exact answer needs to be a two term expression in the form glnb+¢
Note | Give Al e.g. E|r|2 1 or l{?d-ln? - 7"] or E|1-|='l 7 or llnzjﬁ _! or —1+—ln2
3 9 9 3 9 3 9 9 3
L]
or In2F — % or equivalent.
Note | Give final AD fmaﬁnalanswcrufw—l or w—ll l—1 or M—E+l
3 9 3 3 9 3 9 9
or gln_? - %+ ¢
" e
Mote |:-?|l'l-‘f - ?} followed by awrt 1.07 with no correct answer seen 1s dM1AQ
I
3 3 T
) x 8 8 1 ) .
Note | Give dMOAD for ?]-ﬂ-‘f - ?J — Eh'lz ~9)7 % {adding rather than subtracting)
1
Note | Allow aM140 for | nx - 2| > [glnl “] [n ¥ 1]
ote —Inx-— —Ih2-—- =
o 13 9 J| 309 9
. : e 1= dv _ » du_a | _ps “
SC | A candidate who uses 1= Inx and it v=fix’, writes down the correct “by parts
x
formula but makes only one error when applying it can be awarded Special Case 1% M1
ucation Scheme Notes Marks
Number i
q
4. it-=--'—\ xeR, x>0
dt 2
() | 5 Scparates variables as shown. dvand df should not
Way 1 IT dx = j‘: dr be in the wrong positions, though this mark can be | Bl
I ; & implicd by later working. lgnore the integral signs.
Integrates both sides to give either +£ 5 sanx NT
X §
Inx = —%r+c or £k — *kt (withrespecttor); k,a#0
& 5 "o
Inx = —il +c, including +C" | Al
:1 =0, x=60=} h60=c Finds their ¢ and uses correct algebra
< S, 60 to achieve y = 60¢ 20r yx = g
Inx=-=t+Iln60= x=60c > or x=— e”
2 — * Al eso

.

e with no incorrect working seen

[4]




(a) ds 2 "‘ 2 " dr 2 J’ 2
. o= or = -—=dx Either —=—-=— or = | - —dx | Bl
Way 2 dx S5x 5x dx 5x 5x
Integrates both sides to give M
] either [=.. or talnpr;a=0,p=0
t=——=lnx+¢
5 2 . " n "
1= —Elnx—c', including +¢° | Al
1 2 T o
t=0,x=60 :t»} c==Inbl=t= —Elnx + Elnm Finds their cand uses correct algebra
3 5,
_ 60 to achieve ¥ = 60e T or x = ﬂ
5 - et
_—— = - = = X=— .
= j! Inx~In60 = _‘r—fa[}e o eji' with no incorrect working seen Al es0
14]
(a) "1 J‘ 5 ..
. —de=| ——dr Ignore limits | Bl
“-'3}'3 i X o 2 £
Integrates both sides to give either +2 5 4 olnx M1
! x
[ln‘r i =[_EI} or &k — tht (withrespectiof), &k, a=0
N 2k x 5T :
[ll'l .‘f]"" ={-5! including the correct himits | Al
- U
5 — 60 _
Inx — In6l = —E.r =x=60e * or x=— Correct algebra leading to a correct result | Al eso
14]
Substitutes x = 20 1into an equation in the form
5, g " =+ 42 4 i 2 g+ In iy
(b) 20 = 60e T or In20= _-?! +In60 of either x= T ie™ T forx= t e M1
= or +xlndx = 2t £ 3 0r f =+ Alndx + f#:
a, A, & =0 and 47 canbe 0
o2 Jﬂ‘ dependent on the previous M mark
5 ! \ 60 Uses correct algebra to achieve an equation of the form of
. _ [ 6id 0] Aln 3 ar 4lnll . dml
{=0.4394449... {day‘s):» either £ = .‘iln[_ﬁ} or 4 lnl[a_i or Aln3or .{In{T) o.€. 0T
Note: £ must be greater than 0 t=A(In20 — In6d) or A(Ind0 — In20) e (d el .t =0)
=t =632.8006... = 633(to the nearest minute) | awrt 633 or 10 hours and awrt 33 minutes | Al cso

Note: dM1 can be implied by ¢ = awrt (.44 from no incorrect working.




Question

Number Scheme Notes Marks
dx 5
4, —=—-= velR, v =0
de 2
(a) Separates variables as shown. drand df should not
- —dx=-|ds be in the wrong positions, though this mark can be | Bl
Way 4 S5x . . = . , .
: implied by later working. lgnore the integral signs.
Integrates both sides to give either +a In( px)
2 or tk — 2kt (with respecttor); k.a=0; p>0 MI
3 In(5x)= -t +c =
i]n[jx] = —t +¢, including "+c" | Al
(1=0,x=60=] ZIn300=c
3 ] Finds their o and uses correct algebra
2 2 - . 4
Elﬂ[jﬂ = —f+=In300 = x=06le * or o achieve x = 60e 2 0Or y = ﬂ
5 — ¥
60 with no incorrect working seen | Al €so
x=—
e’
14]
(a) {d.f__ 2 } =Jl—id.r .
Way 5 r= = = W 5x Ignore himits | B1
Integrates both sides to give either &k — £kt
. M1
7 x {with respect to £) or 15 —St+alnx k,a=0
I= [—— In 1} x
60 2 -
i = |:—E In J'] including the correct himits | Al
2 2 5
t=——lnx+ Elnl‘)(] = ——t=Inx—In60
-2 60
=x=00e? or x=— Correct algebra leading to a correct result | Al cso
— E:'
[4]
Question 4 Notes
) L _ I 1
4. (a) Bl | For the correct separation of variables. E.g. . dx = 3 dt
-
Note | BI can be implied by seeing either Inx = —%r +c¢ or t= —Zlnx +¢ with or without +¢
5
Note | Bl can also be implied by seeing [Inx]’ 23, |
Note can also be implied by seeing |Inx[ =| -
- 0
—, o0 ) :
Note | Allow Al for x=6We ™ or x= with no incorrect working seen
|-|e5|
Note | Give final AD for x=e ¥ + 60 —» x=60e =
Eppg . . . 3
Note | Give final AD for writing y — ¢ = """ a5 their final answer (without seeing y = 60e 2 )
Note | Way | to Way 5 do not exhaust all the different methods that candidates can give.
Note | Give BOMOAOAD for writing down » = 60e * or y = ﬂ with no evidence of working or integration

SOCTL




22.

(b) Al | You can apply eso for the work only seen in part (b).
Note | Give dM1{Implied) Al for %; = In3 followed by = awrt 633 from no incorrect working.
Note | Substitutes ¥=40 into their equation from part (a) is MOAMOAQ
Question Scheme Notes Marks
Number
3y = \
6. (1) J_\'(;J-'+ 5 dv, y=0 iy Al jJ dr, x=4sn &
(1) 3y—4 _ 4 B e i . See notes | M1
Wiyl |3ay52) " 3 Greg AT AGEDE B Atlcast one of their |
y=0 = —4=24 = 4=-2 A=-2 or their =9
v=—2 = —f=-1F = B=9 Both their
F=73 T3 - A=—2and their =9 | A!
Integrates to give at least one of either
A
L 0 r+
. > 9 5 »+.Alny Or Gy D) » £ uln(3y + 2) | M1
ﬁdl: _.+{". 3 d_} A=0,8=0
2 ) } Iy +2) At least one term correctly followed through Al fi
() from their 4 or from their &
- i . L 3
= ~2ny+3n@y+2)i+cf | oy 3Gy +2) or 2lny+30n(y+2)
with correct bracketing, Al cao
simplified or un-simplified. Can apply isw.
16]
i:::lliﬂ: 'll‘f = 4sin* @ :'JIE & 8sinfcosd or j—; =4sin2f or dr = 8sinfcosBdd Bl
_dsin 0 8sinfcosd |dO) or j,"d'“"—“_"?_qsmza lde) MI
4 —4sin- 4—-4sm- g L
3 EA
= mnf?.Rsinﬂcosﬂ{dﬂ} or | tand. 4sin2¢ %dﬂ} { al J' — + K tan® ur_hﬁ'[ sinf | MI
’ 4—x cost =
= Igsiﬂ:-‘? df! IHSin: & de including df | Al
) 3 ) .,ﬁ T Writes down a correct equation
3=4sin @ or —=sin dor sinf=— = #=— _ . _ T
4 2 3 involving x = 3 leading 1o # = 3 and | Bl

{_tzﬂ—rﬂzt]}

no incorrect work seen regarding limits

15]




. l-cos28 1 ies =1—2sin?
(i) (b) :_[xll locosblig 1o {4—4(:052&'Jd5‘]> hppllu.?cusjf? l‘ 2sin” & M1
) 2 J to their integral. (See notes)
) For +a8+ fsin2d, o, =0 | Ml
I8l Lo- ]—smm = 40 - 2sin20) (1, 1. ..
5il2 j = J sin 0 —» L—ﬂ——sinlﬂj Al
2 -
- z { R !
o L, 1. T = 1[4
Bsin #df= 8 —F— —sin2d| =8| ——| =||-(0+0D
Iu sin |:2 350 i|"‘ |1k6 4|\2 J 1 }l
4 " ” , 1 1
= E}r — JS two term” exact answer of e.g. E'T - 'qG or 5[431' - E\E} Al o
[4]
15
Question 6 Notes
6. (i) 1% M1 Writing Iy -4 = 4 + B and a complete method for finding the value of at least one
w3y +2) ¥y (3y+2)
of their A or their 8.
Note MIAT can be implied for writing down cither Sy-4 _ -2 + their B
y(3y+2) ¥ (3y+2)
or _2y—4 _ their 4 + 2 with no working.
y(3y+2) v (3y+2)
Note Correct bracketing is not necessary for the penultimate A 11, but is required for the final Al in (1)
Note Give 2™ MO for _3y—-4 going directly to +EIII1I{31| + 11 |
y(3y+2)
Note ...but allow 2™ M1 for either M —+ £aln(3y’ +2y) or M — +eln(3y? +2v)
i 3y +2y ’ 3+ ’ '
6. (ii)(a) 1* M1 | Substitutes X = 4sin° @ and their dx ir from their correctly rearrnged EJ into , [| 2 ] dx
\ Sda \d—x)
Note dx = Ad#. For example dr = dé
Note Allow substituting dx = 4s5in 28 for the 1* M1 after a correct :—; =4sin28 or dr=4sin2ddd
- { 3 sind |
2 M1 | Applying X = 4sin'f 1o || 2| 10 give TR tand or £ K[
k-fl-— TJ cos
Note Integral sign 15 not needed for this mark.
1# A1 | Simplifies to give IHLII]:!‘}'JH including d@
2 B Writes down a correct equation involving x = 3 leading to # =§ and no incorrect work seen
regarding limits
" . . -.r Jl'\l =7
Note | Allow 2™ Bl for x= 4sm-|\ 3)° 3 and x=4sin"0=0
)
Note Allow 2™ B for #=sin 'LJE followed by x=3 8= %: x=0,8=0
4




(1)(b) M1 Writes down a correct equation involving cos26 and sin®@
- . 2 (1-cos28)
E.g.: cos2@=1-2sin"# or sin" @ = ﬂ or Ksin"@ = KKT
and applies it to their integral. Note: Allow M1 for a correctly stated formula
{via an incorrect rearrangement) being applied to their integral.
Integrates to give an expression of the form +af + #sin28 or k(+taf + Fsin2d),
Ml
a0, =0
{can be simplified or un-simplified).
1* Al Integrating sin? @ to give l.f) — 151.1353 un-simplified or simplified. Correct solution only.
2 4
Can be implied by ksin® # giving %E‘ - gsmzﬁ' or E{ZH — sin 26| un-simplified or simplified.
AL | A correct solution in part (ii) leading to a “two term” exact answer of
c.g 30r5 3 or —T Eﬁ or I(“ 3\@)
g —T— —r- - —|d4x -
3 6 i 2 3
Note A decimal answer of 2.456739397... (without a correct exact answer) is Al.
Note Candidates can work in terms of A (note that A is not given in (ii))
and gain the 1* three marks (i.c. MIM1A1) in part (b).
Note If they incorrectly obtain Fgm: g dp 10 part (i){a) (or correctly guess that 4 = 8)
then the final Al is available for a correct solution in part (1)(b).
Scheme Notes Marks
6. (i) 3y~ _ 6;1'+2 dy - y+6
Way 2 y(3y +2) 3+ 2y Wiy +2)
&=1+L_:,3,-1.5—_,1{3,-1.3].,.51- See notes | M1
vi3y+ 2) ¥ o (3y+2) ’ ’ . -
Al least one of Al
their 4 =3 or their & =—
y=0 = 6=24 = A=3 crd=3 orthew B--6
Both their 4 =3 and their B=-6 | 4]
y=-4 = 4=-48B = B=-6
Integrates to give at least one of either
M{Gy+2 i
3_1'—4 M — zaln(3y” +2y)
——dy 3y + 2y i
¥(3y +2) P M1
or J— — + . Alny or Gy 2 =+ uln(3y + 2)
:J' Gy+2 j J dy M=0,A4=0,8=0
3y* + jl' 3y+2) At least one term correctly followed through | Al fi
2 In(3y* +2y) =3Iy + 2In(3y + 2)
= In(3y" +2y) -3y + 23y +2) [+ ¢ yorey) =y . Al cao

with correct bracketing,
simplified or un-simplified

6]




6. (1) Jy-4 dy = 3p+1 dy — 5 dy
Way 3 3y +2) I +2y W3y +2)
2 . _!+L = 5= A{3y+2)+ By See notes | M1
T 4 . P - -
y@y+2) y Gr+2) ) At least one of their 4 =
'!':U 255:2.-‘[:531:‘;' or their g - - 1= Al
y=-% = 5=-%iF = B=-14& : . -
: Both their 4 = 4 and their 5= -4 | Al
Integrates to give at least one of either
Jy-4 —M[.}'1I+ ) — e In{3)y” +2y)
——d) 3y +2y ‘
y3y+2) i c M1
or —— +Ailny or 3+ — +uin(3y + 2)
3y+1 2 L y 2
:jf—d‘__‘.;d-“'[ L4y M#0,420.B=0
3y +2y ¥ (3y+2) Al least one term correctly followed through | Al fi
1 5 5 1|.I'Lf31'_.+2j'fl 5]|:11|'+5lnf3|1'+2}
=Eln[.’u}"+2_1'}—'?]n}'+;ln[3_].'+2} [+ ¢} 2 . .2 -2 : . Al eao
- - with correct bracketing,
simplified or un-simplified
16]
Scheme Moles
' Jv-4 Iy 4
6. (i) Y77 gy = Yy - dy
Way 4 ¥(3y+2) i3y +2) yi3y+2)
3 4
= ﬁ—d\ - —d_l‘
(3y+2) y(3y+12)
;Eﬂﬁ_L = 4 = A(3y+2)+ By See noles | M1
y3r+2) ¥y Gr+2) Al least one of
their A =2 or their B =—6 | A
v=0 = 4=24 = 4=12
Both their 4 =2 and their B=-6 | Al
) + = 4=-48 = B=-6
Integrates to give at least one of either
j 3y-4 dy Ei—n—b:ﬂln(3_1'+2]“ri—?iz“l‘l_\' or
y3y+2) - Gy +2 . ) M
—q—»i#ln{_‘w + 2],
3 2 6 (3v+2) ’
- dy - | Zdy + ' dv A0, B=0.C=0
Iy+2 ¥ (3y+2) - ) )
At least one term correctly followed through | Al fi
o n ) In(3y+2)—2Iny+ 2In(3y + 2)
= In(3y+2)-2Iny + 2In(3y + 2) 1tey with correct bracketing, | Al cao

simplified or un-simplified

6]
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Alternative methods for BIMIMIAL in (1){a)

{,:I::E:il ]'t = 4sin’ @ :>} i = 8smfcosd Asm Way 1 | Bl
\ dsin” 6 .Bsinfcosd | dE} As before | M1
4—4sin° @
= ﬁ.xmbﬁbmﬂ .,dr‘::':
JVN(l-sin &) '
= sind H-J[].—b]n r?}:.mr?deJ,
o :Jfl—hln &)
Correct method leading to
= smﬂ.ﬁsmﬁ lda! - -
o v -Jtl—sin‘f?} being cancelled out Mi
= | 8sin” 0 d@ Igsin:ﬁdf) including df# | Al eso
Ways | lr=dsin*0 =} & - 4sin2g Asin Way | | BI
x=4sin’#=2-2cos20. 4-x=2+2cos28
|
H 200520 4 in20 ldo) M1
2+ 2cos28
7 —2cas? 7 _Tens? ) ) 2=2cos2d8 . ]
- [¥2-200028 V2200020, (a6 =J —— 4sin26 {do)
J J2+2c0s20 V2-2c0s26 Ja—dcos' 20 -
_ 2- ECOSZJ’}‘ 4sin20 1o = 22 -2cos26). {dﬂl Correct method leading to M
2sin2@ L : sin2# being cancelled out
= | &sin @ do Jgsin:(}df) including d# | Al eso
?\luu‘r;[‘;:? Scheme MNoles Marks
7. y={2x— I};TI ., x= ]: passes though Pk, 8)
L . (2x £1)7 —» —2{"\+|}§ur +Au? M
(a) {jt?x—l.]jdr}=%{Ex—l}ilﬁc: where u=2x+1: 420
) Sl[i_r — 137 with or without + ¢. Must be simplified. | Al
[2]
(b) IP{A‘.F‘.-]:»I?.=[2k—l::=:>k=81+] SEISH—I(Z.&—]]H.JI 8=(2x-1)" and M1
2 rearranges to give k= (or =) a numerical value.
So, k=¥ A‘furx}=$m’ 8.5 | Al
[2]




, ( 5 .
s A For ; v — 12 Tl (2x=1)
(c) Ej.k[Q.r ~1)7) dx or T_I‘I\I[_'r 7)o J‘ "B
’ Ignore limits and dr. Can be implied.
- r s T (' EA 3 Applies x-limits of “8.57 (their answer
J'?J.: dyb—1 (2x—I)? _ 11 e | [ﬂ.] _ 1024 | to part (b)) and 0.5 to an expression of
1 5 u 5| VY 5 s M1
/ J the form +8(2x — 1)7; #+0 and
Note: It is not necessary to write the " ()" subtracts the correct way round.
(1r P B VA B (8)*( their answer to part (b)
l|_ eylinder F_ EEH] L?J '|'_ 544'?] N { ] Bl ft
I-.?lm_-r = 5447 implies this mark
An exact correct answer in the form k7
1024x 1696
Vol(§) = 544r - Vol(§)=—— 2 Al
{ ol(¥) F }::’ ol(5) 5 T Eg Ih%m 339 - or 3392
: 3 10
[4]
3
(1 =l 1 For x| ..... (2x — 1)
Alt. {L‘} "f"lJlf."”: ﬁfs}-[;J +£-‘. | 8 — {2_1_'_ ].':ll Jd_\_ = | Bl
B = : lgnore limits and dx.
P .83
= 2(®)( 1| +a] 64x - 21y
\2) B
11 (f 1 EAT i AN as above | MI
=m(8)°| = +x| | 64"8.5") = —(2(8.5)-1)2 | = | 6H0.5) = =(2(0.5)-1)?
i ]
Jt= 327+ 7| 544 - %] ~(32-0) }: Vol(s) = 1% Al
[4]
8
Question 7 Notes
7. (b) sC Allow Special Case SC M1 for a candidate who sets 8 = (24 — ]‘]E~ or §=(2x - ué and
rearranges o give k= (or ¥=) a numencal value.
7.0c) M1 Can also be given for applying w-hmits of “16™ {2("part (#)") — 1) and 0 to an expression of the
form +pu7; 4= 0 and subtracts the correct way round.
17
-7 | 1024
Note You can give M1 for l: TS ) = 5
1
17 - .
Note | Give Mo for [ 222D | _| {—J— (0)
3 3 ’
N /
Blfi Correct expression for the volume of a cylinder with radius 8 and their (part (b)) height £
Note If a candidate uses mtegration to find the volume of this eylinder they need to apply their limits

lo mive a correct expression for its volume.

s T
So ’TJ-. B dr= HI_H.T]I. 15 not sufficient for B1 but 7(64(8.5)— (0 is sufficient for B1.




7. MISREADING IN BOTH PARTS (B) AND (C)
Apply the misread rule (MR) for candidates who apply v =(2x - 1].51 to both parts (b) and (c)
3 : Sets 8 = 21’(—1‘]%01 B= 3,r_|§and
®) | Pk, 8) =) 8=(2k 1) = k= IR RO
| rearranges to give k= (or ¥=) a numerical value.
50,k=§ k(orr}=%0r 2.5 | Al
12]
o 2 . |( _a.]|: "J 1
2 For ; 2x—17 ) or Tf(2x-1)
(c) ;rjiizzx— t}:} dox "Il\{-"f b j B
lgnore limits and dy. Can be implied.
. Applies x-limits of “2.5” (their answer to
z _mE O aty 3 part (b)) and (1.3 to an expression of the
Jj'_r:dx =[‘2x ) I= ”4— ~(0)] {=32} ) M1
l : 8 o (Ls) Y form TH(2x —1)°; f£0 and subtracts
] the correct way round.
! S .
I 3 W
Vo= “[E}_L_} {: 16(]:1'} (8) [_thmr answer to part {bJ:I Bl i
) 2 Sight of 1607 implies this mark
_11,0“5} 1607321 | > Vol(S) = 1287 An exact correct answer in the form k7 Al
' J Eg 1287
[4]

Note
deduct two from any A or B marks gained.

E.g. (b)MIAL (¢) BIMIB1Al would score (b) M1AD (¢) BOM1B1AI
E.o. (b)) MIAI (c) BIMIBOAO would score (b) MIAQ (c) BOM1BOAD

Mark parts (b) and (c) using the mark scheme above and then working forwards from part (b)

If a candidate uses y = (2x — 1)* in part (b) and then uses y = (2x — 1}%

Note

misread in part ().

in part (¢} do not apply a
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fﬁ:‘;giﬂ Scheme Marks
3. _1-'=4.t—.1't1-‘-"", =0
{a) {;-zﬂ:>4x—xef*:{}:>x{4—¢?*]=ﬂ —
_ Altempls to solve e’ =4 giving x=.. M1
e =4 = x,=4In2 in terms of £.4In g where g >0
.......................................................................... 4In2 cao (Ignore x=0) | AL
! 1
{ : L axe? —ﬂje: {dr}ﬂ}ﬂfﬁ'}ﬂ M1
[b} ‘4[’“3 Tdt | = Z.th. _Izt‘ Jl;d'tltl ] SR
Ixel j2c E {d.t} , with or without dx :‘:‘1{ Jp—
G ll_____l__ ]_1____ ..............
= 2xe? —4el J|+ c} 2ve? —de? o with or without +¢ | Al




]

(<) ‘“.4-‘"'-1-" : = 2 4x - 2x" or % oe. | Bl
-lln rrll\l-lhluan]-!urlhn.rllmu; """""""
{J- (dx — :n:fJL ] dx} = [er — I\E:r»::Et — 4::?( Ji|
] A
. -Il:f .......... .............. lm“ ...... 1, 4,““, - If ..... R _JI ,;; ...... ;"-'-‘-l ..........................................
=t2{4ln2}' —2(4ln2)e? + 4e? J —tE{{}}' - 2{0e? +4e J See notes | M1
=(32(In2)° - 32(In2)+16) - (4)
=32(In2)’ -3l +12 32(In2)" — 32(In2)+ 12, see notes | Al
3]
8
Question 3 Notes
3. (a) M1 | Attempts to solve e =4 giving x =, interms of £Aln g where g >0
Al 4In2 cao stated in part (a) only (lgnore x=10) )
b} NEI Part (b) appears as MIM1AL on ePEN, but is now marked as MIATAL

1 1
M1 Integration by parts is applied in the form axe? — ﬁjc-’ id.‘r} ,where =0, F=0.
{must be mn this form) with or without dx
1 L
Al 2xe? — J-2c3 {d‘r} or equivalent, with or without dy. Can be un-simplified.

I 1
Al Ixe? —4e? oreguivalent with or without + ¢, Can be un-simplified.

1 1
Note | you can also allow 2eX (x—2) or el (2x—4) for the final Al.
isw | You can ignore subsequent working following on from a correct solution.

dv

dx
formula, but makes only one error when applying it can be awarded Special Case M1.

{Applying their v counts for one consistent error.)

1
sC SPECIAL CASE: A candidate who uses = v, — =e? , writes down the correct “by parts™
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3 () Bl dx — 2x% or 4—;_ oe
M1 | Complete method of applying limits of their x, and 0 to all terms of an expression of the form
1 1
+4x* + Bre? + (Ce? (where 420, B20 and C # () and subtracting the correct way round.
Note | Evidence of a proper consideration of the limit of 0 15 needed for M1,
So subtracting 0 1s M.
_Note_| Inl6 or 2In4 or cquivalent is finc as an upper bimit.
Al | A correct three term exact quadratic expression in In2.
For example allow for Al
o 32(In2)" - 32(In2)+ 12
*  §(2In2)° —8{4ln2)+ 12
e 2(4In2)° - 32(In2)+ 12
l!’ n2
e 24In2) - 242’ +12
Note : l\HLnEl l\u:n
MNote that the constant term of 12 needs to be combined from 4e” —de” o
Note | Alsoallow 32In2(In2 — 1)+ 12 or 321:12|K|112 -1+ 12 ) for Al.
\ 32In2
Note | Do not apply “ignore subsequent working” for incorrect simplification.
Eg: 32(In2)" - 32(In2)+ 12 - 64(In2) - 32(In2)+12 or 32(Ind)-32(In2)+12
Note | Bracketing error: 32In2° — 32(In2)+ 12, unless recovered is final AQ.
Note | Notation: Allow 32(In°2) — 32(In2)+ 12 for the final Al.
Note | 5.19378... without seeing 32(In2)* — 32(In2)+ 12 is AQ.
L .
Note | 5.19378... following from a correct 2x" — szc? — 47 j 1s M1AD.
Note | 5.19378... fromno working is MOAO.
Eum;gfrﬂ Scheme Marks
3
6.(3) | A =J JO-Dx+D)dr, x=1+2sind
......... L I................................_.........._......................................................... m—rmmmmsmm s m—————
dx
de — =2¢cos# or 2cos8 used correctly
— =2cosf# dg Bl
oo seeeseseeeeeeess e ssreen. I working: Canbeimplied |
U (- x)x+1) dx or jﬁf(3+2x-f} dx }
= [JE= 0 25in))((0 + 25in0) + 1) 2c056 {d6) Substitutes for both x and dx, | |
where dv = Ad#. lgnoredd
= jJ{E - 2sinf)(2 + 2sind) 2cosd |dA}
- J f[4- asin*6) 2c056 {a)
= j,||[4— 4(1-cos’ a) 2cos@ -:dﬂ:- or 1.1'41:05:9 2coséd Jld.‘i‘:- Applicscos™ & =1—sin" ¢ M1
________________________ e .. SeenmOtes |
_ -1J-cns:£fdﬁ', (k= 4) 4J-cus‘|9d9 or J-4cus‘|9di‘? Al




) ) ) 1
O=1+2smn# or —1=2sn# or sinf=-— = f=-
2

Fa

IER

Sece notes
and 3=1+2sin# or 2=2smnf or sinf=1= #=

Applies cos26 = 2cos” 81

(b) to their mtegral M
_ {H(‘mlsmzﬂ] ricgraes o gve a0 fsind0, a20.f 20 M1
4 or k(ted £ fsin2d) | (Al on ePEN)
{Su 4_[ cos*@d0= [20+sin20] _ }
= 2£+:3.|r|2—;lT —| 2| ——= |+ sin| ——
2 2
"""""""""""""""""""""""""""""""""""""""""""""""" ar 3|
—(7)- oz B 4= _+£ or
3 2 3 2 3 2 Al
can csn
1(8E+3’J@]
I S . S S ROPRPURO |3|
8
Question 6 Notes
6. (a) Bl :'—; =2cos#. Alsoallow dr = 2cos#d#. This mark can be implied by later working.
Note | Youcan give B1 for 2cos@ used correctly in their working,
Ml Substitutes x =1+ 2sin@ and their dy {fmm theirrean-angedj"—;] into 4f{3-x)x+1) dx.
Note | Condone bracketing errors here.
Note | dr = Ad#. For example dx = dé.
Note | Condone substituting dy = cosd for the 1% M1 after a correct :—; =2cos# or dr=2cosfdd
M1 | Applics either - -
¢ l-sinf=cos’d
» A-Asin’@ or A(l—sin’ @)= Acos’ @
*  4-4sin’f =4+2c0s20-2 = 2+2c0s28 = 4cos’ §
|| totheir expression where 4 1sanumerical valwe.
Al Correctly proves that J-1J{3—.T'J[.T+ 1) dx 15 equal to 4.‘-::105" gdé or J-ﬂ'l-n::u:s: ade
Note | All three previous marks must have been awarded before Al can be awarded.
Note | Their final answer must include d&.
|_Note | Youcan ignore limits for the final Al mark.
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"Bl | Evidence of a correct equation in sin@ or sin™' @ for both x-values leading to both @ values. Eg:
1 , T
* (=1+2sind or —1=2sinf or sinf=- 3 which then leads to g:_g* and
e 3=1+2sinf or 2=2sind or sinf =1 which then leads to |9=§
Note | Allow Bl for x=1 +25in{—£} =0 and x=1+ Esin{ E} =3
6 2
Note | Allow B for sinﬂ:(%] or 0= sin"[%} followed by x =0, 8= —g; x=3,0=2
(b) | NOTE | Part (b) appears as MIAIAL on ¢PEN, butis now marked as MIMIAL
M1 | Writes down a correct equation involving cos2¢ and cos® @
, 5 1+ cos28 2 1+ cos28
Eg: cos2@=2cos" #—1 or cos™ f = % or lcos @ = i(ﬂ%]
and applies it o their integral. Note: Allow M1 for a correctly stated formula (via an
incorrect rearrangement) being applied to thewr mtegral.
M1 | Integrates to give an expression of the form o8 + fsin28 or k(taf + fsin2d), a =0, §20
(can be simplified or un-simplified).
Al A correct solution in part () leading to a “two term™ exactl answer.
47 J_?-, 8 \E 1
Eg: =—+—=— or —+— or —(S;r+3 3)
Note | 5.054815... from no working is MOMOAD.
Note | Candidates can work in terms of & (note that & 1s not given in (a)) for the M1M1 marks in part (b).
Note | Ifthey incorrectly obtain 4-[ “cos’@d@ in part {(a) (or guess k =4) then the final Al 1s available
for a correct solution in part (b) only.
Queston Scheme Marks
Number
" 2 _ 4 N B
@ N pp_2) T P (Po2
2=AP-2)+ 8BFP Can be implied. | M1
A= ha=t ! e Fitherone JAL
- 1 1
giving P2 ~F See notes. cao, ael | Al
13]
O g R
JLM—' = quslr dr be implied by lat ki Bl
P(P-2) can be implied by later working oe
tAln(P-2)t ulnP,
1 Az0, u=0 MI
In(P~2) ~InP = Zsin2t (+c) S 0 SO
In(P-2)—InFP= %sian Al
{t=0,P=3=} Inl-l3=0+c {= c=-In3 or In(})| See notes | M1




(e}

In(P-2) - 1nP=I;5in2r -

In

(3P-2 1.
2

WP-2) = P& =3P -6 = P&
gives 3P- Pe™ =6 = P(3- )=
6

c{-aiu! r }

P= .

(3-

{ population = 4000 =| P =4

%sinzr - 4@] {z 1.1[%]}

t = 0.4728700467...

Starting from an equation of the form

tiln(P- G+ ulnP =+ Ksindr + ¢,

A, K 5 20, applies a fully correct method to

climinate their loganthms.
Must have a constant of integration that need

A (._U-n:l]:l lete method of rearranging lo
make P the subject.

6 Must have a constant of integration

Correct proof.

States P=4 orapplies =4

~ Obtains +Asin2¢ = Ink or + isins = Ink,

A =0, k=0where 4and & are numencal
wooo....values and A can be |
anything that rounds to 0.473

_not be evaluated (see note)

M1

Question
Number

Scheme

7. (k)

 Method 2 for Q7(b) .
In(P-2)—InP= %5'1112! [+ c}

((P-2))

P

| (P=2) = AP 5 P— AP =2

2
(] _ AeJ__-ainlr.J

{-su:n_?l

= Pl - Ae’ =2 = P=

}..

i= = 4=—

Starting from an equation of the form
tAln(P- G : pln P = £ Ksindt + ¢,
A, 8K . 8=0, applies a fully correct

method to eliminate 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

e Dot be gvaluated enatel
(Allocate this mark as the
__...2" M1 mark on ePEN).

Correct proof.

3 M1




Question 7 Notes

Jz—sin2:+f—> =g
2 P

2 A B
Forming a correct identity. For example, 2= A(P-2) + BP from — = —
7. (a) M1 g Y ple, (F-2) PP-2 P (P2
Note | 4 and & are not referred to in question.
Al Ettheroneof 4=—1or B=1.
Al 7 : ) - ]; or any equivalent form. This answer cannot be recovered from part (b).
............ 0 R
Note | MIATAL can also be given for a candidate who finds both 4 =—1 and B =1 and ] + P2
15 seen in their working,
Note | Candidates can use “cover-up’ rule to write down P2 - i , 50 as to gain all three marks.
Note | Equating coefficients from 2 = A(P-2)+ BP gives A+ 8=2,-24=2= 4=-1, B=1
7.(b) Bl 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. lgnore the integral signs.
2 1 1
Eg: - dP = Jeos2idt or | ————dP = — | cos2r df o.e. are also fine for B1.
Note | B2 _[P‘—EP j JP{P—E] 2_[
1*M1 | £AIn(P-2) 2 wln P, 220, g=20. Also allow £Aln({M({P-2)) £ glnNP; M.N can be 1.
Note | Condone 2Iln(P-2)+2InP or 2In(P(P-2)) or 2In{ F* —2P) or In{P* -2P)
1" Al | Correct result of In(P-2)-InFP = —;sin 2t or 2In(P-2)-2InFP=smns
o.e. with or without +¢
2 M1 | Some evidence of using both =0 and =3 in an integrated equation containing a constant of
_____________ integration. Bg: cordiete.
3 M1 | Starting from an equation of the form *Aln(P— M+ ylnP =+ Ksindt +c. A, u K520,
applies a fully correct method to eliminate their logarithms.
4" M1 | dependent on the third method mark being awarded.
A complete method of rearranging to make P the subject. Condone sign slips or constant errors.
Note | For the 3 M1 and 4" M1 marks, a candidate needs to have included a constant of integration,
____________ intheir working. cg.c. 4, In4 oran cvaluated constant of integration.
20d 41 | Correct proof of P = ﬁ*u —. Note: This answer is given in the question.
(3-¢7)
................ I}.---._.-.--.-.-.-..-.----.------.-.----.-.--.-.-..:-.--_-.._.;u:.:.-.-_--.-.--...-.--.-.--.-.-.-..-.-.--.-.---
Note | | L%} = Lain2i + ¢ followed by LF=2) _ 7™ | ¢ is 3 M0, 4* MO, 2* AD.
{ — A - | N T - isin!r
Note { - I D) _ gmere , P=D 5™ s final MIMOAO




27.

4 M1 for making P the subject

(3) M1 for {ln{P—2}+lnP=%5in21+ln3 :}P{P—E}: Y = PP P =3t

= (P-1f = 1= 3™ leading to P=..

Mote there are three type of manipulations here which are considered acceptable for making

P the subject.
Wp-2 sin 2t Lain2r Lgin2e Lanly
(1) Ml for 2020 _ofmd L yp 9y o o™ L 3p_g = pt™ o p3— %) = 6
— P = %
(3- ™)
(2) M1 for HP-2) _ w3 B _ e g e 6 p =+
P P {3_ e!sm_..:

(c) M1 States P =4 orapplies F =4
Ml Obtains + Asin2f = Ink or £ Asin? = Ink, where 4 and & are numerical values and A can be 1
Al anything that rounds o 0.473. (Do not apply isw here)
.Note | Do not apply ignore subsequent working for AL (Eg: 0.473 followed by 473 years is AO.)
Note | Use of P=4000: Without the mention of P =4, %sinzr =In2.9985 or sin2 =21n2 9985
............. or sin2t=2.1912... will usually imply MOMIAO .
Note | Use of Degrees: 7 =awrt 27.1 will usually imply MIMIAD
Question Scheme Marks
Number
X Ly T d.]- x xln3
8. y=3 = =—=31In3 —=31In3 or Injle or yvin3 | Bl
© { ____________ }drci*r ____________________ { _____ } _____ g
Either T: ¥ —9=%In3(x-2)
) . . See notes | M1
_____ or T: y=(3In3)x+9-18In3, where 9= ()2 +e L
{Cuts x-axis = y=0=}
~9=9In3(x—2) or 0=(3"In3)x+9-18In3, Sets y =0 in their tangent equation |
______________________________________________________________________________________ and progressesto x=... |
So, x=2— — a2l Al eso
................ e
____________________________________________________________________________________________________________________________ 141
(b) V= .::'J-{_’»'T]z{d:r} or }rjE“{dﬂrE or }rJ-‘?t{-;LTE V= E,I-[3 ] with or without ., Bl oe

... which can be implied_

Eg: either 3 — i or +ea(ln3)®
+a(ln3)
(31 (9°1 g
— | = x x —
=l =!r 9 +e(In9)9*,
7} 2m3 7l s or ¥ gy O AU e
dy - X ! 2vlnd I




~ Dependent on the previous

j : = T .r : 1) [ 40n method mark. Substitutes
. g 2
l! Lj & 'I}{zln?.}"} 303 ™ 73 { m} x=2 and x =0 and subtracts | ™!
.. thecormrectwayround. |
I =11(9}-‘{LJ - :”_’T V.= lfrl{'ii] { — their I{a}}. See notes. | g1f
w3 In3 In3 3
407 27x 13x 137 26x 267 .
Vol(§)= — - == } = == —o0 clc., 15W | Al oe
In3 In3 In3 In3 In9 2In3
{Eg p=13r, g= In3} 6]
10
(b) | Alternative Method 1: Use ofa substitution L
V= J'{3] {dx} Bl o.c
du d o f oy afu S
_ar Qi _ ¥ (- i
{u ¥ = > ¥FIn3= uhﬂ} V={x }julnzid*f =} [ 5 )
o u
!I'/ W) {3) - ta(ln3) or e, where u=3 | Ml
i 3m3 (=) . s
7 2my Al
Y Substitutes limits of 9 and
. e 40z 1 inu (or 2 and 0 1n x)
—_ _I mu
{! I,‘" (3 } dv =7 }|:2]n31 } { }LE]nE 21113,] { lnS} and subtracts the correct dmi
L . e owayround. |
then app!_]. the main scheme.
Question 8 Notes
8. (a) Bl %— =3"In3 or ln3(c""3) or yIn3. Can be implied by later working.
X
M1 Substitutes cither x=2 or y =9 into their i—} which is a function of x or y to find m, and
x
e eitherapplics y-9= (their m, )(x - 2), where m, is a numerical value.
e orapplics y= ((heir m; ) x + their ¢, where m, is a numerical value and ¢ is found
by solving 9 = (their m, )(2) + ¢
Note_ | The first M1 mark can be implied from laterworking. ..
M1 Sets y =0 1n their tangent cquation, where m; is a numerical value, (seen or implied)
SO PORTOMER N = s S e s
Al An exact value of 2 - B, or 2 i, by a correct solution only
In3 In3 In3
2In3 - 2(In9 — ; :
Note | Allow Al for 2 - A or M2 - d) or /(I.n J or 2— ——, where 2 is an integer,
Aln3 Aln3 Aln3 Aln3
and ignore subsequent working.
Note | Using a changed gradient (i.c. applying __l = OF ) 1s MO MO in part (a).
their their = =
Note | Candidates who invent a value for m, (which bears no resemblance to their gradient function)
cannot gain the 1* M1 and 2" M1 mark in part (a).
Note [ A decimal answer of 1.089760773... (without a correct exact answer) 1s A(.




8. (b) Bl A correct expression for the volume with or without dx
Note | Eg: Allow Bl for ﬂ'j[:ll*}_ {dx} or Jrjf“{:i‘r} or ﬂ'j@* 1:1‘(} or .rr"-[:c""":}_ 1:1‘(}
or IJ-{E:'““]{L{TE or .JTJ- g™ 1dx} with or without dx
Either 3" —>;T +a(ln3)3” 95—~ or ta(ln9)%
M1 Bather Ta(ng) O Te@mP o +a(In9) (%)
2xin3 xln9
el _, € o tar(ln3)e™™ or e S>— o +e(In9)e™, etc where @ e
+a(In3) +a (In9)
. 321:-I z+l
Note = ——— or %" - ——— arc allowed for M1
+er(In3) +a(lnd)
Extl ]
Note | 3™ > or 9 — are both MO
2x+1 x+1
Note | M1 can be given for 9 — _ or ter(ln9)9*
can be given for ta(n9) (
Ix . 2x 2= * 3 1 Jrlnd
Al Correct integration of 3. Eg: 3™ > or —— or9° 5 — or ™™ 54—
I B ST T et Tme TS T )
dM1 | dependent on the previous method mark being awarded.
Attempts to apply x =2 and x =0 to integrated expression and subtracts the correct way round.
Note | Evidence of a proper consideration of the limit of (1 1s needed for M1,  So subtracting 0 15 MO,
dM1 | dependent on the previous method mark being awarded.
Attempts to apply x=2 and x =0 to integrated expression and subtracts the correct way round.
Note | Evidence of a proper consideration of the limit of 0 is needed for M1. So subtracting 0 15 M0
1 . i
B1ft V.= 5:1'{9}'{2 — theiranswer to part l{a}].
. 27z, ..
Sight of I—; implies the Bl mark.
n
Note | Alternatively they can apply the volume formula to the line segment. They need to achieve the
+meeen | Tesult highlighted by **** on either page 29 or page 30 in order (o obtain the BIf mark.
Al Br or 26% or 267 , efe. , where their answer 1s in the form 4
In3 In9 2ln3
MNote | The 7 in the volume formula is only needed for the 1% Bl mark and the final A1 mark.
Note | A decimal answer of 37.17481128... (withoul a correct exact answer) 15 AQ.
Note | A candidate who applies J-3xd-‘f will erther get BO MO A0 MO B0 A0 or BO MO AD MO B1 AD
Note JEJ- 3 dx unless recovered is BO0.
Note | Be careful' A correct answer mav follow from incorrect working

')

V= J!'j:?:vzl]_r—l.‘!'{‘;"]:rL\II—f 3| 2z _ a3 & 2z 1k
-l 3 L1n3 "7 2n3 I3 " 2In3 2ln3  In3  In3

would score BO MO AQ dMO M1 A,




8. (b) 2" B1fit mark for finding the Yolume of a Cone
- ;rJ" (9x1n3 - 18In3+ 9) dx
m
372 Award B1ft here where their
(9xIn3 - 18In3 +9) e "
=X 3713 | lower limit 15 E—E or their
2 M or their pan |&hssower pﬂd {ﬂ_} answer.
{ 1 :
9/ 2—-— |In3-18In3+9
(1813 - 18103 +9)’ [l 1:13]“ e ]
= —
27In3 27In3
[ 729 J (18In3 —9—18In3 + 9)’
=i —
27In3 27In3
1L
In3
2™ B1ft mark for finding the Volume of a Cone
8. (b) Alternative method 2:
- =;r‘|" | (9xIn3—18In3 + 9)" d
- ;rJ"' . (mf(lnsf ~324x(In3)" +162xIn3 324103 + 324(In3)° + 31] dx
ey
= [ 275 (3 ~1620 (1n3) + 817 In3 -324xin3 + 324x(in3y’ +81¢] | AVerdBHftherewhere
B therr lower hmit1s 2 — —
In3
- or their part (a) answer.
(216(In3)" —648(In3)" +324In3 - 6481n3 + 648(In3)" + laz}
il 1 A
- 27| 2-— 13-15_2-— In3)* + 81| 2———| In3
o [Ins]{"} l ]{“] [ls]“
( :
324(2- L Vin3+ 324 2= L3y s 81 2- L
In3 In3 In3
{ f Y
27|12, 6 (n3) —162) 4-—— + —|(In3)’
In3 {rlﬂ3] {1:13} In3  (In3)
_ x| (216(1n3) - 324103 +162) - | +81| 4——= + In3—324| 2-— |In3
=x|( 2) In3 (n 5 1:13,]
+324/ 2—— |(In3)* + 81| 2 ——
L [ lnEJ{n ¥ [ In3J
A




{ 5
216(ln3) —324In3 + 162 —12—?3 - 648(In3) +648In3 - 162

n

+324In3 - 324 +$—|3— 648In3 + 324
n

= 7| (216(1n3)" - 32413 + 162) -

+ 648(In3) —3241n3 + 162 ”‘_13

In
- 2 2 27
= JT{:EIE:{]:: 3 -324In3 + mz} - [216{In3] —324In3 +162 - ﬁ]l
n
_ 2=
I3
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Question
Number Scheme Marks
o v |2 ] 3 | 4 |10
3. y=
v 142857 | 090326 | 0.682116... | 055556 | 2x + 54/x
(a) JAtx =3} y = 068212 (5dp) 0.68212 | Bl cao
1]
1 Outside brackets +x1 or + | Bl aef
(b) —x]x [1.4285? +0.55556+ 2(0.90326 + their {].68212}] .
2 For structure of [] M1
1= L(5.15489) | = 2.577445 = 2.5774 (4 dp) anything that rounds to 2.5774 | Al
131
(c) & Overestimate
and a reason such as
» {top of} trapezia lie above the curve
# adiagram which gives reference to the extra area
*  COncave or convex
&y Bl
L] —L > 0 (can be implied)
dx”
bends inwards
curves downwards
1]
du -L dx
(d) u=«f;::=!—=—r3 or —=2 Bl
{ Va2 du
10 +hu .
du} | M1

—. 2u du
2u” + Su




+Aln(2u +5) or £4Aln s.r+E L Az0
20 20 2 M
= du } = —In(2u +35) with no other terms.
2u+s 2
20 — Eln[ZM +5) or lﬂln(u + E Al
m+s 2 T2 80
20 2 Substitutes limits of 2 and | inu
‘:—ln(Zu +5]] =10In(2(2) +5) - 10In(2(1) + 5) (or 4 and 1 in x) and subtracts | M1
2 ! the correct way round.
10In9 = 10In7 or 10In[%) or 20ln3-10In7 Al oe cso
16]
11

(Question 3 Notes

3. (a) Bl | 0.68212 correct answer only. Look for this on the table or in the candidate’s working.
(b) Bl | Outside brackets %xl or % or equivalent.
M1 | For structure of trapezium rule[ ]
Note | No errors are allowed [eg. an omission of a y-ordinate or an extra y-ordinate or a repeated y ordinate].
Al | anything that rounds to 2.5774
Note | Working must be seen to demonstrate the use of the trapezium rule. (Actual area is 2.51314428...)
. .1 .
iﬂgﬂ Note | Award BIMIA1 for 3(1.4235? + 0.55556) + (0.90326 + their 0.68212) = 2.577445
Bracketing mistake: Unless the final answer implies that the calculation has been done correctly
award BIMOAO for %xl + 1428574 2(0.90326 + their 0.68212 )+ 0.55556 (nb: answer of 5.65489).
1
award BIM0OAO for Exl (1.42857 + 0.55556) + 2(0.90326 + their 0.68212) (nb: answer of 4.162825).
Alternative method: Adding individual trapezia
Arca = 1){ 1.42857 ;{).9{]321‘: N 0.90326 +3"{)-ﬁ3212" . "U.&SE]E"; 0.55556 :l = 2577445
Bl | B1: | and a divisor of 2 on all terms inside brackets.
M1 | M1: First and last ordinates once and two of the middle ordinates twice inside brackets ignoring the 2.
Al | Al: anything that rounds to 2.5774
(c) Bl | Overestimate and either trapezia lie above curve or a diagram that gives reference to the extra area
eg. This diagram is sufficient. It must
show the top of a trapezium lying
above the curve. -
OF CONCave Of CONVEX OF ‘i—} = ({can be implied) or bends inwards or curves downwards.
i
Note | Reason of “gradient is negative” by itself is Bi.




29.

=k
(d) B1 d—u=lx 2 or du= ; dx or 2J;du= d¢ or dx=2udu or ix—:Zu o.e.
de 2 24/x du
Applying the substitution and achieving {I } kg {du} or {I } Ak {du}
—_— 7] —_— T
M1 au’ + Bu u(auz + ﬂu)
k,a.p #0. Integral sign and du not required for this mark.
M1 | Cancelling v and integrates to achieve = A2In(2u +5) or £4 ln(u +%) A # 0 with no other terms.
0 s 200 5 T e
Al | cso. Integrates 3 to give ?ln(2u +5) or 10In} u + = un-simplified or simplified.
Note | BE CAREFUL! Candidates must be integrating 5 20 3 or equivalent.
u +
So ."2 0 3 du = 10In(2u +5) WOULD BE A0 and final A0.
u+
M1 | Applies limits of 2 and 1 in » or 4 and | in x in their (i.e. any) changed function and subtracts the
correct way round.
10
A1l | Exact answers of either 10In9 —10In7 or IOln(%) or 20In3-10In7 or ZOIn[%] or '“[3?]
or equivalent. Correct solution only.
Note | You can ignore subsequent working which follows from a correct answer.
Note | A decimal answer of 2.513144283... (without a correct exact answer) is AQ.
Question i
Number Scheme Marks
| | t+arxe’” —!,{l‘c'*:dr}. az0, =0 | MI
6. (i) Ixe" dy = —.‘re"—J —e** ldx) | |
4 4 _reh“‘[_e-h {d.t'} Al
4
PR PRI oa 1o
==x¢ —=—c" 1+ —xe ——e | Al
4 6 el 4 16
1 131
. +A(2x=1)" | MI
(ii) I . - 8(2x - 1)°
(2x -1y {(20-2) o~ orequivalent. | 4]
@
1=-22x-17" {+e .l} ifgnare subsequent working. 12]
(1ii) L A ¢'cosecly cosecy ¥ =~E at x=0




Main Scheme

I——l——— dy = jc' de  or Isin 2ysinydy = |e¢' dx Bl oe
cosec 2y cosec y
Ilsin yeosysiny dy = ch dx Applying or sin2y — 2sinycosy | Ml
cosec2y
Integrates to give +usin’ y | M1
b) . P
-;-sin’.\' =¢" {+¢} 2sin” ycosy — Esm' y | Al
¢'— ¢ | BI
2 . (x) 2(1 Jeof y==% -
-;sin {%)ZL‘ +C or ;(g]—l = Use of ) 6and x=0 Ml
: = in an integrated equation containing ¢
::-'-—u riving -Z-'in‘r-e'—u- gt Al
c= > g 535 y = v -;:ln.\-—t.—ﬁ.‘
17]
Alternative Method 1
J‘+ dy = Ie’ dy  or Isinﬁ!y sinydy = je” dx Bl oe
cosec 2y cosec ¥
I—%(COS?-JF _ cosy] dy = jez dy sin2ysiny — *Acos3y zAcosy | M1
Integrates to give +asindy + Fsiny | Ml
. . : /1. .
——| —sin3y —siny | =e" [+¢C ——| —sin3y —sin y Al
R (L)
e’ — ¢" as part of solving their DE. | Bl
T o
_%[%sin[%r] - sin(%U =" +¢ or _%[%_ %J “1=c Use of ¥ —Eand ¥ =0 in an M1
integrated equation containing ¢
= c——u giving —lsin3v+lsin y=e" i —lsin3y+lsin y=e" i Al
12 6 o2 7 12 ] 2 7 12
[7]
12

(uestion 6 Notes

6. (i)

(11)

Ml Integration by parts is applied in the form +axe® — Iﬁe“" {dx} . where @20, £>0.

(must be in this form).

Al lJre‘” —I le“ {dx} or equivalent.
4 4
1 I .
Al E_\' et - Ec"" with/without + ¢. Can be un-simplified.
isw You can ignore subsequent working following on from a correct solution.

dv

formula,
but makes only one error when applying it can be awarded Special Case M1.

Mi +A(2x-1)", A =0. Note that Acanbe 1.

Al 32x-1 or =2(2x -1)"? or i, with/without + ¢. Can be un-simplified.
(2K-2) (2x -1y

Note You can ignore subsequent working which follows from a correct answer.

SPECIAL CASE: A candidate who uses u = x, ™ =e* writes down the correct “by parts”




(iii)

B1

Note

M1

M1

Al

B1

M1
Note

Al
Note

Separates variables as shown. dyvand dr should be in the correct positions, though this mark can be
implied by later working. Ignore the integral signs.
Allow B1 for I; = Ie" or Isin dysiny = Ie"
cosec 2y cosec ¥
1
cosecly
seen anywhere in the candidate’s working to (111).

Integrates to give +usin’ y, g =20 or +asindy+ fsiny, a=0, =0

— 2sinycosy or sinly — 2sinycosy or sin2ysiny — tAcosdytAcosy

3 2., . ) . I .
2sin” yeosy —» Esm!y {(with no extra terms) or integrates to give —E[Esm 3y —sin y]
Evidence that ¢* has been integrated to give ¢” as part of solving their DE.

4
Some evidence of using both y = ri and x =0 in an integrated or changed equation containing c.

that is mark can be implied by the correct value of c.

2., . 1l 1. 1. . 1l .

—sin" y =e¢" —— or ——sindy + —siny =e" — — or any equivalent correct answer.
3 12 6 2 12

You can ignore subsequent working which follows from a correct answer.

Alternative Method 2 (Using integration by parts twice
jsinzy siny dy = Je’ dx Bl oe

1 . 2.
%cc-sysin 2y - %sinycos 2y =¢' { +c} Ecos‘vsm 2y - Esm yeos2y

%cosysin 2y - %siny cos2y =¢" — — ——sin3y +—siny=¢e" - — | Al

Applies integration by parts twice

to give Tacosysinly + fsinycosly M2

Al
(simplified or un-simplified)

e" — ¢" as parf of solving their DE. | Bl

as in the main scheme | M1
11 | 1 11

12 ] 2 12

[7]
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30.

Question

Number Scheme Marks
: dus du
u=x" E:Er H=x = a:l
1.(a) J‘xzc” dv, 1* Application: . 2" Application: p
L = y=g —‘:r:‘ = y=g
dx dx
xlet — I,i,xe”{dx}. A=0 | Ml
= e - I?,xc"dx
xe’ —Ier"{dx} Al oe
Either +4x’¢’ + Bxe" % Cje” {dx}
= x'e" - 2[.\'&‘ - Ic”dx) M1
or for tKj_s:e*'{d.r} - iK[:ce’ —Ie*’{d!c}]
a2, P + Ax’e" + Bre*+ Ce” | M!
= x'e" - 2xe" —e") {+ ¢}
Correct answer, with/without + ¢ | Al
151
{{fe" —2(xe" e }:|‘ } A]:tplies limi}s gf | and 0 to an expression of the
(b) o form + Ax"e” £ Bre" £ Ce’, 420, B=0 and | p]
= (e’ - 2(le' —¢')) - (0'1 e’ = 2(0e" —¢")) C = 0 and subtracts the correct way round.
=e-2 e—2 cs0 | Al oe
121
7
Notes for Question 1
(a)
M1: Integration by parts is applied in the form x’e” — Iixf:" {dx} , where 4 >0. (must be in this form).
Al: x'e" - Jz_te‘ ldx} or equivalent.
M1: Either achieving a result in the form +4x’e” + Bye™ + CIe" {fi‘f} (can be implied)
{where A =0, B=0and C =0)or for inxe'*{dx} - tK(A‘e* —Ie" {dx})
Ml: £ Adx’e” £ Bye"+ Ce® (where A=0,8=20and C =z 0)
Al: x'e” —2(xe’ —e") or x'e’ —2xe” +2e" or (x* — 2x + 2)e" or equivalent with/without + ¢.
(b) M1: Complete method of applying limits of | and 0 to their part (a) answer in the form + Ax’c” £ Bre' £ (',

(where A= 0,8+ 0 and C = 0) and subtracting the correct way round.

Evidence of a proper consideration of the limit of 0 (as detailed above) i1s needed for M1.

So, just subtracting zero is M0.
Al: e-2ore'-2 or —2+e. Donotallow e — 2e’ unless simplified to give e — 2.

Note: that 0.718... without seeing e — 2 or equivalent 1s AQ.
WARNING: Please note that this Al mark is for correct solution only.

So incorrect [ ....... ]:-. leading to € — 2 15 AQ.

Note: If their part (a) 1s correct candidates can get M1 AL 1n part (b) for e — 2 from no working.
Note: 0.718... from no working is MOAO




31.

Question Scheme Marks
Number
3. (a) 1.154701 Bl cao
[
| B 4 .
(b) Area zzxg;x[l+2(l.0352?6 + their l.154?{]|}+|.414214] Bl; M1
=%x 6.794168 = L.778709023... = 1.7787 (4dp) 1.7787 or awrt 1.7787 | Al
131
z 2 For :rj[sec(%}] I g1
(c) V= Jrj_[sec[i]] dx
o 2 Ignore limits and dv.
Can be imphed.
0]z 2
={r} EIm(—J
2/1, 2 x . Al
tan 3 or equivalent
=2r 27 | Al cao cso
[4]
8
Notes for Question 3
(a) B1: 1.154701 correct answer only. Look for this on the table or in the candidate’s working.
1 7
(b) B1: Outside brackets ->-:£ or z or awrt 0.262

M1: For structure of trapezium rule[ ]

Al: anything that rounds to 1.7787
Note: It can be possible to award : (a) BO (b) BIMIAL (awrt 1.7787)

Note: Working must be seen to demonstrate the use of the trapezium rule. Note: actual area is 1.762747174...

Note: Award BIMIAIL for %[l + I.414214}+%[1.0352?6 + their 1.154701) = 1.778709023...

Bracketing mistake: Unless the final answer implies that the calculation has been done correctly,
Award BIMOAOD for %x% +1+ 2(L0352?6 + their I,IS4?{]1]+ 1.414214 (nb: answer of 7.05596...).

1
Award BIMOAO for Ex% (1+1.414214) + 2(].0352'?6 + their 1.154?01] (nb: answer of 5.01199...).

Alternative method for part (b): Adding individual trapezia

x | 1+1.035276 1.035276+1.154701 1.154701+1.414214
Area = Ex 5 + 3 - 3

:| = 1.778709023...

Bi: % and a divisor of 2 on all terms inside brackets.

M1: First and last ordinates once and two of the middle ordinates twice inside brackets ignoring the 2.
Al: anything that rounds to 1.7787




32.

Notes for Question 3 Continued

B1: For a correct statement of :r‘[[sec['—r]] or :rjsecz[i] or EI% ldx} .
: : (cos(3))

3. (c)
Ignore limits and dx. Can be implied.
f .2
Mote: Unless a correct expression stated ;rIsec' XT] would be BO.
Ml: £4 tan(%] from any working.
x 1 x
Al: 2tan| —| or tan from any working.
2 2
Al: 2r from a correct solution only.
Note: The 7 in the volume formula is only required for the B1 mark and the final A1 mark.
Note: Decimal answer of 6.283... without correct exact answer is AQ.
Note: The Bl mark can be implied by later working — as long as it is clear that the candidate has applied JTJ.}'E
in their working.
Note: Writing the correct formula of I = :'r.[y3 {dx} , but incorrectly applying it is BO.
Question
Number Scheme Marks
5 Fx—u'::»]E—ZH or d_u_ll or du 1 Bl
S @ I'a dr 2 dr 2%
2udu M1
U (2Jx - 1) } ,[ 2:f-|}
Al *
,[ T o0
131
b y
(b) ;Ei+ B = 2= A(2u-1)+ Bu
w(Zu=1) w (2u-1)
W=0 = 2=—d = A=— See notes | M1 Al
=43 = 2=4B = B=4
2 _a 4 Integrates E + N S M20.Nz2010
So I— du = I—" + ———du u (2u-=1) M1
u(2u -1) w  (2u=1) obtain any one of +Alnu or + gln(2u — 1)
= 2lnu s 20n(2u - 1) At least one term correctly followed through | Al fi
2lnu + 2In(2u - 1). | Al cao
So, [-2Inu + 2In(2u — )]’
Applies limits of 3and | inu or 9
= (-2In3+ 2In{2(3) - 1)) - (-2In1+ 2In{2(1) = 1))  and | in x in their integrated function | M1
and subtracts the correct way round.
= -2In3 + 2In5-(0)
5 5
= 2ln| —] Zln(—J Al csocao
\3 3
171




Notes for Question 5

L
(a) Bi: E=2:.e or dy=2udu or E=l:qc I or d—”=; or du=——

du de 2 dr  24/x 24x
MI1: A full substitution producing an integral in ¥ only (including the du ) (Integral sign not necessary).

The candidate needs to deal with the = x ™, the “{2& — 1) and the * dx ™ and converts from an

integral term in x to an integral in . (Remember the integral sign is not necessary for M1).
Al*: leading to the result printed on the question paper (including the du ). (Integral sign is needed).
(b)
M1: Wrnting = 4 + B or writing _ = £ + and a complete method for
w(2u-1y w (2u-1) w(2u-1) w (2u-1)

finding the value of at least one of their 4 or their B (or their P or their O).
Al: Both their 4=-2 and their 8 =4.(Ortheir P =-1 and their { =2 with the multiplying factor of

2 in front of the integral sign).

M N
MI1: Integrates — + e - D M =0, N 20 (ie. a two term partial fraction) to obtain any one of
u u—
+Alnu or + uIn(2u — Nor +puln(u - 1)
Alft: At least one term correctly followed through from their 4 or from their 5 (or their P and their (7).
Al: 2lnwu + 2In(2u - 1)
Notes for Question 5 Continued
5. (b) ctd | M1: Applies limits of 3 and 1 in & or 9 and | in x in their (i.e. any) changed function and subtracts the

correct way round.
Note: If a candidate just writes (-2In3+ 2In(2(3) - l)) oe , this is ok for M1.

Al: 21n(§) correct answer only. (Note: a=5,b=3).

Important note: Award MOAOMIATADO for a candidate who writes

2 2 2
—_—du=|—+ du = 2Inu + In(2u - 1)
u(2u -1) u QQu-1

AS EVIDENCE OF WRITING —(7—2—; AS PARTIAL FRACTIONS IS GIVEN.
u(2u -

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

2
———du=2lnu+2n(2u -1) or ;du=2lnu+ln(2u—l)
u(2u-1) u(2u -1)

WITHOUT ANY EVIDENCE OF WRITING % as partial fractions.
u(2u -
Important note: Award MIAIMIA1AL1 for a candidate who writes down

A
—_——du=-2lnu +2In(2u - 1)
u(2u 1)

WITHOUT ANY EVIDENCE OF WRITING (7;1) as partial fractions.
u(2u -

Note: In part (b) if they lose the “2" and find J. ﬁ du we can allow a maximum of
u(2u -

MIAO MIATftA0 MIAO.




33.

2?:;:[;2: Scheme Marks
da
6. —=,1[120—9]|,, &< 100
de
1 1
dé = | Ade or | ——déd = | dr
@) leﬂ—ﬁ I ,[,1(120-9) _[ Bl
. 1 L M1 Al;
~In(120-8);=Ar+ ¢ or ——'In[l2{]—6'],—:+f See notes MI Al
{t=0,8=20 =} -In(120 - 20) = 2(0) + ¢ See notes | M1
¢=-Inl00 = -In(120 - 8) = At - In100
then either... oF...
—Ar =In(|20—9}—lnlﬂﬂ At =Inl00-1In(120 - &)
3 i
—Ar = In(M Jt =1n| 20 )
100 \120-8)
. 120-@ @ 100
a o =
0 120 — @ dddM]
. (120- 8 )e* =100
100e™ =120-4 o
= I.2{]—9 =100e™ Al *
leading to & =120 - 100e™™
18]
(b) {A=001,8=100 :>} 100 =120 — 100" M1
— 1006 "™ =120 — 100 = —0.01f = In 120 — 100 Usefs co!*recl order of opermmn_slb}'
100 moving from 100 =120 — 100e "™
. 1 In(|2{]_|gn togivel =... and f = AIn B, dM1
—0.01 { 0 where B =0
Jr: : In 1 =100In35
1" o015
1 =160.94379... = 161 (s) (nearest second) awrt 161 | Al
131

11




MNotes for Question 6

(a)

Bl: Separates vanables as shown. dfand dr should be in the correct positions, though this mark can be
implied by later working, Ignore the integral signs.
Either or

Mi: ! dd — £ AIn(120 - A) ;d&? — £ AIn(120 - #), A is a constant.
120-8 A(120-8)

Al: ! dé — —ln[lEl]—é?] ;dﬁ"‘ — —iln{l2{]—9] or —iln(l20i—19),
120-8 A(120-8) A A

Mi: _[Adf 5 At jlds—u

Al: I,l di = Ar+c | or jl dif — 1+ ¢ The + ¢ can appear on either side of the equation.

IMPORTANT: + ¢ can be on either side of their equation for the 2™ Al mark.
MI1: Substitutes 1 = 0 AND & = 20 in an integrated or changed equation contamning ¢ (or 4 or In 4).
Note that this mark can be implied by the correct value of . { Note that —1n100 = - 4.60517... }.

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.

Al*: This 1s a 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 munimum of either:

(1) e™ :]20_9 = 100e™ =120-0 = 8=120-100e"

. 100
2: AF -
o @ =g

is required for Al

= (120- 8)e* =100 = 120- 8 =100e “ = & =120 -100e

1 1
Note: | ———dd — ——In{IE{].'l—ié'} 1s ok for the first M1A1 in part (a).
(1204 - A48) A

(b)

MI1: Substitutes A =0.0land # = 100 into the printed equation or one of their earlier equations connecting
& and . This mark can be implied by subsequent working,
dM1: Candidate uses correct order of operations by moving from 100 =120 — 100e™™" to r=...

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 4] seconds. (Ignore incorrect units).

Aliter
6. (a)
Way 2

I dd = | Adr Bl
120-¢

- MI AL
-In(120-8) =dr+¢ See notes MI Al

~In(120- ) = &t + ¢
In(120 - 8) = At +¢

120 - 8 = de”™

g =120 - e

{1=0,0=20 =} 20 =120 - 4¢" Ml
A=120-20=100

So., & =120 — 100e dddM1 Al *

18]




Notes for Question 6 Continued

(a) BIMIAIMIAL: Mark as in the original scheme.

MI1: Substitutes 1 =0 AND & = 20 in an integrated equation containing their constant of integration which
could be ¢ or 4. 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 - 8) =—it+ ¢ leadingto 120 -f=e ¥ +¢ or 120— O =¢ ¥ + A, would be dddMO.
Al*: Same as the original scheme.
Note: The jump from In(120 - 8) =—At +¢ to 120-8= Ae™™ with no incorrect working is condoned
in part (a).

Aliter 1 -1

6. (a) J déd = Iﬂ.d! {:}I dé = Ildr} Bl

Way 3 120-8 &-120

Modulus reguired | M1 Al
=In|@ - 120| = Ar + ¢
0l | =dr+c for 1" AL | M1 Al
{1=0,0=20 =} —In|20 - 120] = A(0) + ¢ Modulus | )
not required here!
= ¢=-In100 = ~In|@ - 120| = 2 —In100
then either... O
- At :In|6'—|2|]|—lnl(}{] At :Inlﬂﬂ—ln|€—120|
#—120 100
—At =1 At =In
" 100 ‘ ‘9 - 120‘
As @< 100
. (120-@ =1 100
—At =In 100 Ar=in 120 - @ Understanding of
modulus is required | dddM1
., 120-@ x _ 100 here!
e = e =
100 120-8
: (120- @ )e* =100
100e™ =120-4 »
= I_2{]— g =100e Al *
leading to & =120 - 100e™~

18]

B1: Mark as in the original scheme.
M1: Mark as in the original scheme ignoring the modulus.

Al: leﬂl a df — —In|@ —120|. (The modulus is required here).

MI1A1: Mark as in the original scheme.

M1: Substitutes 1 =0 AND & = 20 in an integrated equation containing their constant of integration which
could be ¢ or 4. Mark as in the original scheme 1gnoring the modulus.

dddM1: Mark as in the original scheme AND the candidate must demonstrate that they have converted
Ir|||9I - I2{]| to ln[lzﬂ — @) in their working. Note: This mark is dependent on all three previous method
marks being awarded.

Al: Mark as in the original scheme.




Notes for Question 6 Continued

:]:{t:;' Use of an integrating factor
Way 4
wd 140 0-0) = 424 20 =120
dr dr
IF = ¢

d i A
5 (e7e) = 1202¢%,

e’d = 1204e* +k

g =120+ Ke™
{1=0,0=20 =}-100=K
@ =120 - 100e™*

Bl

MI1AI

MI1AI
M1

MI1AI

Jan 2013 Mathematics Advanced Paper 1: Pure Mathematics 4

34.
Question
Number Scheme
du 1
! u=Ilnx = E:;
2. (a) —Inx dx.
x dv 3 x -1
—=x = VY=—=—
dx -2 2Ix
+
In the form i Inx ij.,u i l M1
x° X ox
—1 -1 1 -1 e e C
=—Inx - — - —— Ilnx simplified or un-simplified. | A ]
2x” 2x x 2x° =
—I 3—11 l simplified or un-simplhified. | A]
2y x =
= _—[In.r +l L‘ dx
2x 2 x
1 I 1 o — = fx7 | dMI
== 2I|'|Jr+5;\—22]{+c‘} - ‘t_s:z‘x - ’
* * Correct answer, with/without + ¢ | A
151
, / . Applies limits of 2 and
(b) I L inx— — |- (- S T N e —_ | to their part (a) |
] 2x° 4x° IJ’ L2y 42y 201y a1y answer and subtracts
the correct way round.
1
=%—%In2 or %—Inl" or —{3—2In2}._ etc, or awrt (.1 or equivalent. | Al
12]
b




+
(a) M1: Integration by parts is applied in the form 4 In x t.[p Lj l or equivalent.
x X ox

Al: 2_—1 Inx simplified or un-simplified.

2
Al: —J- _Ij l or equivalent. You can ignore the dx.
= 2x x

. 1 =
dM1: Depends on the previous MI. | gy —.— — £ fx.
xrox
1 1 1 1 1 X -

Al: ——Inx+=|——|{+¢} or = ——Inx——{+¢} or X oy X 1+¢}

2x” 2\ 2x’ 2x” 4x° =2 4

-1-2lnx 1 .
or ———— [+ ¢} or equivalent.
4x°
You can 1gnore subsequent working after a correct stated answer.
(b) M1: Some evidence of applying limits of 2 and | to their part (a) answer and subiracts the correct way round.
o In(L)+3
Al: Two term exact answer of either % = %InZ or % —In2* or %(3— 21n2] or L
or L1875 = 0.1251n2. Also allow awrt (.1. Also note the fraction terms must be combined.
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.
2. (b) ctd | Note: Decimal answer is 0.100856... in part (b).

Special Case (b) M1A1l: for a candidate who finds an answer in (a) which is out by a factor of -1.

3 1
Award SC M1A1 for I‘ Inx+ = L, {+ ¢} in(a) leading to — — + =In2, etc or awrt —0.1 in (b).
2x° 20 2x° l6 &

Alternative Solution

| u=x" = 'ilir—'”f:—bc“l
I—]I.nx dx,
x dv

—=Inx = v=xlnx-x
dx

‘[%Inxdx = J:Tl[_tln.r - x) - I(xln_\' —_r];—fdx

1 1 A
ij—!lnxdr =F{xlnx—x} + I_T!dx MI

where k 21

1 I 3
—EII—llnxdx —x—l[_rlnx -x) - IFdx Any one of L}(_\'lnx —x) or — Jli?li‘f Al
x x

L![xlnx—x)—.[%d.r and Kk =-2 | Al
o+

X
1 1 3 1 _.
=2 | =hxdx =—(xlnx-x) + =— {+¢} tlp—= — £fx. | dMI
X X 2x° x
3 .
| 1 3 ——xlnx - x) - — of equivalent
I—_.‘lnxdr =-—(xlnx-x) - — {+¢} 2y ( ) 4y 1 Al
x 2x 4x

with/without + ¢.
=—L,In_t— Ij I+¢}
2x 4x-




35.

Question

Number Scheme Marks
4. (a) 1.0981 Bl cao
[
(b) Area z%xl ;>-:|:{],5+2(0.8234 + their 1.0981]+I,3333:| Bl; M1
1
= Ex 5.6863 = 2.84315 =2.843 (3 dp) 2.843 or awrt 2.843 | Al
131
1
(c) {n:l+nf_l:>du— * or E:Il[u-—l] Bl
2 du
—-1?
i IM ...... M1
“1 ok Hm L 200-1) »
+ u -1y
I( ) 2u-1) | Al
u
(u-1y _ i1 (' = 3u" +3u-1) Expands to give a “four term™ cubic in u.
2! du ={2] U du Eg: + 4’ B’ +Cu+ D M
_ _ 1 An attempt to divide at least three terms in
=12 I(u u+3 )du their cubic by u. See notes, M
3 -1 3 3 3 3
= {2} I‘!——L+3u—lnu w-1 S 3| | Al
3 2 u 3 2
2 3
Area(R) = {%— W + 6u —Zlnu}
2(3y° i 22y ) Applies limits of 3 and 2 1n
= [_3 -3(3) + 6(3}—2In3] - [—3 -3(2) + 6(2]—21n2) uordand ] inxand | M1
subtracts either way round.
11 11 2 11 9 Cotrect exact answer
= —+2In2-2ln3 or —+2In of — —In , etc _ Al
3 3 3 3 4 or equivalent.
18]
12
(a) B1: 1.0981 correct answer only. Look for this on the table or in the candidate’s working.

(b)

B1: Outside brackets ;—xl or E

M1: 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...

1
Note: Award BIMI Al for 5[0.5 +1.3333) + (0.8284 + their 1.0981) = 2.84315
Bracketing mistake: Unless the final answer implies that the calculation has been done correctly
Award BIMOAOD for %xl + 0.5+ 2[0.8284 + their 1.0981}+ 1.3333 (nb: answer of 6.1863).

Award BIMOAO for ;—xl (0.5 + 1.3333) + 2(0.8284 + their 1.0981) (nb: answer of 4.76965).




4. (b) ctd

(c)

Alternative method for part (b): Adding individual trapezia

0.5+0.8284 N 0.8284+1.0981 . 1.0981+1.3333
2 2 2

B1: | and a divisor of 2 on all terms inside brackets.

M1: 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 Bl M1 Bl M1 M1 Al M1 Al on ePEN,
but is now marked as Bl M1 A1 M1 M1 Al M1 Al

Area = h{ j| = 2.84315

du 1 -~ 1 dx
B1: ==x? or du= dy or 2ofxdu = dx or dv=2(u-1)du or —=2(u-1) oe.
dr 2 2+x “F =1y el
“ (u-1y . _
17 Mi: becoming (Ignore integral sign).
1+ J_ u
1" Al dx bccommg{ D 2w -1){du} or u du} .

1+ I o (u- 1}-'
You can ignore the mlegral sign and the du.
2" M1: Expands to give a “four term” cubic inw, +Aw'+ B’ +Cu+ D
where 420, B20,C20and D20  The cubic does not need to be simplified for this mark.
3™ M1: An attempt to divide at least three terms in their cubic by u.
(' = 3" +3u-1) N

' = 3u+ 3—l
u

2 Al {”_) [——3—;-+3u—lnuJ

4™ M1: Some evidence of limits of 3 and 2 in u and subtracting either way round.
3 3 2
Note: [4? 3(;} +3(4) - ] [1__'! 3(” +3(l)-In I] 15 MO,

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...

le.

3" Al: Exact answer of H+2I1'12—2Ir|3 or u+21|1 2 or H—In 9 or 2 u+I1'12 In3
3 3 3 3 4 [

or 2—; +2In [%} etc. Note: that fractions must be combined to give either % or % or 3%

Alternative method for 2" M1 and 3" M1 mark
An attempt to expand (u 1), then

-1y T_Zu+l
lz}ju,{u—l) du = {E}Jw.(u—l}du
i u
divide the result by u and then go on to 2" M

= {2} -[u -2+ » J (u=1)du = {2}1.{“2 _} du multiply by (1 —1).

- 1 to give three out of four of

= 2 _ _ __ rd

= {2} [u u+l-u+2 nj du iAuﬂiBu.t(’.'ortE 37 M1
u

e '[.f _3u+3_lJ du

u




4. (c) ctd

Final two marks in part (c): v =1+ J;

Area(R) = ﬂ -3(1+ JE]: +6(1++x)-2In(1+ x|
= w - 3[1+ JZ]E +61+ ﬁ)-zln{n JZ]
2(|+JI]"

| Sl - 3(14 V) 4 6(14 V) -20m(14 1)

3

(IB -27+18-2In3)- [% =12+ 12—21n2]

11 9
or ——In , ete
3 [‘J

Alternative method for the final 5 marks in part (b)
o -1 duu ) -2
N l}-‘ H =i — T =—u
Im du *

i dv

u+2In2—2ln3| or u+21r. g
3 3 3

4
=l[ u-1y = yv=—

_ _1}4 I _1}4

—1] l w' -4’ +6u — i+ 1
du 4

_1] j- 4u+6——+Ldu
4

du

u-
_1]

Ju

-2u’+6u-4|nu-lJ
3 U

3 ; 3
[u—l) [u—l) +u__u_+3_u_1nu_L
5 u du 12 2 2 4u |,
16 27 9 9 | 1 8
—t ———4+——-In3-— |- |-+ ———
12 12 2 2 12 8 12
5
= (?—In3]—[— - lnEJ
3
11 2
= — + In—
6 3

M1: Applies limits of 4 and | inx
and subtracts erther way round.

Al: Correct exact answer or equivalent.

M1: Applies integration by parts and
expands to give a five term quartic.

M1: Dividing at least 4 terms.

Al: Correct Integration.

+E—ln2—lj M1
2 8
Al




36.

Question
Number Scheme Marks
6.(a) | {y=0=}1-2cosx=0 1-2cosx = 0, seen or implied. | M
At least one correct value of x. (See notes). | Al
—x=2 3 o ST
3" 3 Bmhiand = | Al cso
. 131
®) - ‘T_[,T':l ~ 2cosy) dx For .rr-[[l —2cosx). Bl
B Ignore limits and dx
U(I — 2cosx) dx } = I{l — 4cosx + 4cos” x)dx
I+cos2 = Ty —
= jl — 4cosx + 4[—CDS x] dx cos2x =2eos x -1 M1
2 See notes.
= I(S — 4cosx + 2cos 2x) dx
Attempts [ 3 to give any two of
. 2sin2x 4 — +dx, Bcosx — £ Bsinx or | Ml
= 3x — 4sinx + . i
+Acosly — = usin2x.
Correct integration. | Al
) o Zgin (il ) ) 2sin(ix Applying limits
V= {z}[[ﬂs—;] —4sin(Z) + 7; ! ]] - (3{%] — 4sin($) + 72[ - jn the correct way | ddM1
round. Ignore 7.
=7 5;:+2~.,"_— £ - ;r—2-ﬁ + E
2 2
= ((18.3060...) - (0.5435...)) =17.7625x = 55.80
= :r(d;r +3 \"_'IJ or 47° +373 Two term exact answer. | Al
16]
9
6. (a) MIl: 1-2cosx=0.
This can be implied by either cosx =% or any one of the correct values for x in radians or in degrees.
1" Al: Any one of eithm‘% or 53;1- or 60 or 300 or awrt 1.05 or 5.23 or awrt 5.24 .
2% Al: Both Z and X
3 3
(b) Note: This part appears as M1 MI M1 Al M1 Al on ePEN, but is now marked as B1 M1 M1 Al M1 Al

Bl: For 7| (1-2cosx)*. Ignore limits and dx.

1" M1: 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 4cos’x — 2+ 2cos2x or cos2A=2cos’ 4-1.

2" M1: Attempts | y” to give any two of £4 — + Ax, *Bcosx — £ Bsinx or ticos2x — + gsin2x.
Do not worry about the signs when integrating cosx or cos2x for this mark.

Note: I(I - 2cosx) = jl + dcos’ x is ok for an attempt at |y,




37.

2sin2x

1" Al: Correct integration. Eg. 3x — 4sinx +

or x—4sinx +

2sin2x
— +2x oe.

3™ ddM1: Depends on both of the two previous method marks. (Ignore 7).

. . . Sr . g .
Some evidence of substituting their x = 3 and their x = 3 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 correct integral and limits decimals gives: 7((18.3060...) - (0.5435...)) =17.76257 = 55.80

2" Al: Two term exact answer of either :1'[441' +3 \,IE] or 41 + 3::-.@ or equivalent.

Note: The r in the volume formula 1s only required for the B1 mark and the final Al mark.
Note: Decimal answer of 58.802... without correct exact answer is AD.

Note: Applying I{I - Ecosx} dx will usually be given no marks in this part.

Question

Number Scheme Marks
dd  (3-8) 1 1 125
] =l | —df = | —dt or |——do=|d
8. () {d: 125 } -0 125 jl—ﬂ I Bl
~In(&-3) =é! {+ ¢} or —In(3-9) =$! {+ ¢} See notes. | M1 Al
1
In(8-3)=——1t +¢
( ) 125
. S, Correct completion
#-3=e!* or e Fe’ to =A™+ 3.
O= A" 13 * Al
141
(b) =0.,0=16=} 16=A4e""""+3; = 4=13 See notes. | M1: Al
Substitutes ¢ =10 1into an equation
10 = 137" + 3 of the form 6= de "™ +3, | Ml
or equivalent. See nofes.
i 7 —0. Ik
oo T oo =l - Cortiect alg—;-jb.ra to —0.008 =Ink, M1
13 13 where k 1s a positive value. See mofes.
In[%}
r=—"2 = 77.3799.. = 77 (nearest minute) awrt 77 | Al

(~0.008)

15]
9




8. (1)

Note: This part appears as M1 M1 Al Al on ePEN, but 15 now marked as B1 M1 Al Al

B1: Separates variables as shown. dfand dr should be in the correct positions, though this mark can be
implied by later working. Ignore the integral signs.

M1: Both £1ln(3-#)or +AIn(#-3) and + gt where 4 and u are constants.

Al: For —In(@ - 3) =é: or —In(3-9) =é: or —125In(#-3) =1 or -125In(3-0) =1

Note: +¢ is not needed for this mark.

—0.008:

Al: Correct completionto & = Ae + 3. Note: +c¢ is needed for this mark.

1
- i

1 ' -
Note: In{# - 3) :_Er +¢ leadingto @ —3=e ¥ +e° or #-3=¢ ¥ 4+ A, would be final AD.

Note: From —In(#-3) :ér +c,then In(8-3) :_%; to

L. - L .
=f-3=e ™ or #-3=¢ T = g=Ae"" +3 isrequired for Al

Note: From —In(3-6) :ér +¢, then In(3-4) :—éf te

—Lf +C —L\I
= 3-F=e'®  or 3-F=¢ T = H=dAde"" 13 is sufficient for Al
-L
Note: The jump from 3-8 = de '® to &= Ae ™™ + 3 is fine.
1
Note: ln[E - 3} =- %! +c = f-3=4e B , where candidate writes 4 =¢" is also acceptable.

8. (b)

Note: This part appears as B1 M1 M1 M1 Al on ePEN,
but is now marked as M1 A1 M1 M1 Al.

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

M1: Substitutes & =16, 1 = 0, into either their equation containing an unknown constant or the printed
equation. Nete: You can imply this method mark.

Al: A=13. Note: #=13""" 1+ 3 without any working implies the first two marks, M1A1.

MI1: Substitutes # = 10 into an equation of the form & = 4e™™™¥ 4 3, or equivalent.
where A 1s a positive or negative numerical value and 4 can be equal to | or -1.

M1: Uses correct algebra to rearrange their equation into the form —0.008: = Ink .

where k is a positive numerical value.
Al: awrt 77 or awrt | hour 17 minutes.
Alternative Method 1 for part (b)
|

1 g = Ld: = -In(@-3)=—1 +¢
3-8 125 125

M1: Substitutes 1 = 0.8 =16,

~In(16 - 3) =%{m te

1
t=0.,8=16= into — -3} =—
{ H into—In(# - 3) 55l te

== c=-Inl3
¢ Al: c=-Inl3
1 1
—In(#-3) =—=t -In13 or n(#-3) = ——r +Inl3
125 125
M1: Substitutes # =10 1into an equation of the
| 1
~In(10-3) =—¢ —Inl3 form £+iln(# -3) =+—1 +u
125 125

where A, g are numerical values.

1 M1: Uses correct algebra to rearrange their
Inl3-In7 = Er equation nto the form £0.008f =InC - In D,

where C, D are positive numerical values.
t = 77.3799... = 77 (nearest minute) Al: awrt 77.




Alternative Method 2 for part (b)
|
Ldpa |-ty = -3 -0|=—t +c
3-0 125
M1: Substitutes 1 = 0,8 =16,

~In[3 - 16| =$(0) +c

{t=0,0=16=} into—ln(}—ﬂ)er +c
125

=-Inl
g4 2 Al: ¢=-Inl3
—ln|3-9|=é1 ~-In13 or WmP3-6|= —%r +Inl3

M1: Substitutes # =10 into an equation of the

~In(3-10) =ILI —Inl3 form +1In(3 - 8) :i--l_l)—sl tu

L

where A, 4 are numerical values.
M1: Uses correct algebra to rearrange their

Inl3-In7 = L1 equation into the form £0.008t =InC - InD,
! where C, D are positive numerical values.
t = 77.3799... = 77 (nearest minute) Al: awrt 77.

8. (b)

Alternative Method 3 for part (b)

1 i

1d6"— 1

—dfg = | —dr
. 3-8 , 125

=[-mp-d[], = [ér}

i

0

MI1Al: Inl3
! M1: Substitutes limit of & =10 correctly.
~In7 ——Inl3 = E! M1: Uses correct algebra to rearrange their own

equation into the form +0.008f =1lnC - In D,
where C, I are positive numerical values.
t = 77.3799... = 77 (nearest minute) Al: awrt 77.

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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38.
CQuestion
Number Scheme Marks
. | 1= A(3x-1)" +Bx(3x-1)+Cx Bl
x=0 (1:,4} M1
x—1 1=1C = C=3 any two constants correct | A
Coefficients of x°
0=94+38 = B=-3 all three constants correct | A (4)
b)) 1.3+ 3 la
x 3x-1 (3_‘(—]]_
3 3 =
=Inx-Zin(3x-1)+ ”3(31-']' (+C) ~ M1 Alft Alft
1
=lnx-In(3x-1)- +
( nx—In(3x ) . ( ]]
) [ f(x)dv=|Inx-In(3x-1)-— :
! 3x-1],
—(11'12—1115— lJ—[In]—an— IJ M1
5 2
5
LTI - M1
_3 +In 4 Al &
10 5 (6)

[10]




39.

40.

Question

Number Scheme Marks
"3 . L : _
4. jyd_]-‘ =J —dx Can be implied. Ignore mtegral signs | Bl
COS™ X
—j35ac:xd_'c
1,
5}"=31a111 (+C) MI Al
T
] = 21‘_1' = —
’ 4
%21:31u11£+(.' M1
Leading to
C=-1
%}-‘3 =3tanx -1 or equivalent | Al (5)
151
Question
Number Scheme Marks
(a)
. x 1 2 3 4 M1
| y In2 J2Ind4 | BIné6 2In8
0.6931 1.9605 3.1034 4.1589
1
Area =5><1[ } Bl
= .. (0.6931+2{l.9ﬁﬂ5+3.1034}+4.1539} M1
= %x 14.97989 ... =7.49 749 cao | Al (4)
1 2. 2.1
()  [x In2rde=Zy lnE_'r—J-—x:x—rlr M1 Al
3 x
2 . 2,
=—x"'In E_T—J.Ex: dx
? 3 ]
= éxf In E_r—gf (+C) M1 Al (4)




41.

4
(c) [Ef IHZI—E:F} =[34?1ns—i4f"J—(5ln2—i
3 9" |, 13 9 3

)

|: M1
=(16In2- ..)- .. Using or implying In2" =nln2 M1

46 28

=—In2-— Al (3
3 9
[11]
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Question
Number Scheme Marks
2.(a) j.ﬂ:sin Ixde = —%.tcos 3x —I —%ccs 3x {dx} MI Al
= —%x cos3x + %sinlx {+¢} Al
13]
(b) -[_rl cos3x dy = %r“ sin 3.1:—I %rsin 3x {dx} MI Al
1 .. . 2 1 1 . ) .
=—x"sindx=Z| —=—xcos3x + —sin 3_1‘J {+¢c} Al isw
3 3L 3 9
1 5. 2 2 .
{: 35 sin3x + 5 xeos 3x - 77 8in x {+ f}}> Ignore subsequent working 13]




42.

(a) MI1: Use of “integration by parts’ formula uv = Ivu' (whether stated or not stated) in the correct direction,
where u=x — u =1 and v'=sin3x — v = kcos3x (seen or implied), where & is a positive or negative
constant. (Allow k£ =1).

This means that the candidate must achieve x{k cos3x) —I [k cos3x), 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
direction, so M0,

Al: —%xcoslx—j —%coslt {dx}. Can be un-simplified. Ignore the {dx}.

Al: —%xms?»x + ;—sin 3x with/without + ¢. Can be un-simplified.

(b) M1: Use of “integration by parts’ formula uv — Ivu’ (whether stated or not stated) in the correct direction,
where 4 = x* = " =2x or x and v'= cos3x — v = Asin3x (seen or implied), where A is a positive or
negative constant. (Allow A=1).

This means that the candidate must achieve xl(i sin3x) —I 2x(Asin3x), where 1" =2x
or ¥ (Asin3x) —j x(Asin3x), where v’ = x.
If x* appears after the integral, this would imply that the candidate is applying integration by parts in the wrong
direction, so MO.
Al: %xl sin lx—j %xsin 3x {dx}. Can be un-simplified. Ignore the {dx}.
I 201 1. s L

Al: Ex' sindx— E _EI cos3x + Esmh‘ with/without + ¢, can be un-simplified.
You can ignore subsequent working here.
Special Case: If the candidate scores the first two marks of MLAL in part (b), then you can award the final Al
as a follow through for %xl sinlx—%{lheirfollow through part(a) answer ).

S::E:E;n Scheme Marks
Volume = & [ x _ dx Useof I —.frj S dx. | Bl

4. IV IR ESal E

: +kln(3x* +4) | MI

T

=(r :%I.nI{Sx: + 4]}

" %In(3x1+4] Al
~ (1 1 Substitutes limits of 2 and 0
= (7) _[3'“ ! 6] _[E In 4}] and subtracts the correct way round. M1
So Volume = %:-rlnd %;{Inct or %}rlrﬂ Al oe isw

5]
5




NOTE: x1s required for the B1 mark and the final AT mark. Tt 15 not required for the 3 intermediate marks.
B1: Forapplying R’j-}'z . Ignore limits and dx. This can be implied by later working,

2x
T+ 4

but the p1 and I must appear on one line somewhere 1n the candidate’s working.

Bl can also be implied by a correct final answer. Note: :r“y)_ would be BO.

Working in x

MI1: For £ kln(lxl + 4} or ii{lrl[xl + %]where k is a constant and k can be 1.
Note: MO for + kxIn(3x" + 4).

Note: MI can also be given for & kln(_n[lxz + 4]}._ where k and p are constants and k can be 1.
Al: For ! In[brl + 4} or 1ln 1(3\'3 + 4} or lIn x + 4 or lln(p(Ef +4]}
' 3 303V 3 3) 3 '

You may allow MI Al for [ X In(3x" +4) or o In(3x" + 4)
x 3l bx

dM1: Substitutes limits of 2 and 0 and subtracts the correct way round. Working in decimals is fine for dM1.
1
H E 5
Al: For either l.‘-‘rln*’-i, l1n4". %:n‘rlnl, mlnd®, xln2?, l.‘-‘r].n E , 2xln i , etc.
3 3 3 3 4 K
46
1
Note: E}r{lnlﬁ = In4) would be AD.

Working in u: where u = Ixt + 4,
MI1: For £ klnu where & 15 a constant and & can be 1.

Note: MI can also be given for + kIn{ pu). where k and p are constants and k can be 1.

Al: For 1 Inu or 11!13” or I—In. pii .
3 3 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!




43,

Question
Number Scheme Marks
6. (a) 0.73508 Bl cao
1]
| & .
(b) Area EEXE ;){i}+ 2(their 0.73508+ 1.17157 + 1.02280) + D] Bl M1
=%x5.3589... = 1.150392325... =1.1504 (4 dp) awrt 1.1504 | Al 3]
du .
(c) {u=1+cosx} = — =-sinx Bl
e T
2smn2x de = 2(2sinxcosx) sin2x = 2sinxcosx | Bl
1+ cosx) (1 + cosx)
4u-1 1-
=I @D 1y {: 4Iﬂdu} MI
u u
1
=4I(——I]dn=4(lnu—u)+c dM1
u
= 4In(l+cosx)—4(l +cosx)+¢ = 4In(l +cosx)—dcosx + k AG | Al cso [5]
L T
Appl limits x =— and
(d) = {sﬂn(l + CGSEJ - 4c05£] —{4In{| + cos0) - 4(.‘05{]] PPIyIng s x=— ant i
2 2 x = Deither way round.
= [4In1 - 0] = [4In2 - 4]
+4{1- In2)or
=4-4In2 {= 1.22741 I2?E...} +(4—4In2) orawrt £1.2, | Al
however found.
Error = |(4=4In2)=1.1504... it +
I ) |_ awrt £0.077 |
=0.0770112776... = 0.077 (2sf) or awrt £6.3(%)
12
(a) B1: 0.73508 correct answer only. Look for this on the table or in the candidate’s working.

(b)

Bl: Ouiside brackets %x% or % or awrt 0.196

M1: For structure of trapezium mle[ ] 3 (0 can be implied).

Al:

anything that rounds to 1.1504

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

|
Award BIMOAO for Ex% + 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).

Alrernative method for part (b): Adding individual trapezia
T 0+0.73508 0.73508+1.17157 1.17157+1.02280 1.02280+ 0
Area = —x 7 + 7 + 5 + 2

Bl: % and a divisor of 2 on all terms inside brackets.

MI1: One of first and last ordinates, two of the middle ordinates inside brackets 1gnoring the 2.
Al: anything that rounds to 1.1504

] = 1.150392325...




6. ()

(d)

du ) . dx 1
Bl: — =—sinx or du = —sinxdx or —=—
du —sinx

oe.

B1: For seeing, applying or implying sin2x = 2sin xcos x.

M1: After applying substitution candidate achieves + k J‘M (du) or £k J‘M (du).
u u

(Au=1)
1

A+
Allow M1 for “invisible” brackets here, eg: + I (du) or £ IJ (du) , where Adisa
"

positive constant.
dM1: An attempt to divide through each term by uw and + & j [l - I] du — tk(lnu - u}wileithout
u

4+ ¢. Note that this mark 1s 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 lnu. (See below).

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

As a minimum candidate must write either 41n(1+ cosx) — 4(1+ cosx)+ ¢ — 4In(1 + cosx) — 4cosx + k

or 4ln(l+cosx)—4(l+cosx)+ k— 4ln(l+ cosx) —4dcosx + k
Note: that this mark is also for a correct solution only.
Note: those candidates who attempt to find the value of & will usually achieve AD.

M1: Substitutes limits of x = % and x =0 into {4Inl:l +cosx) — 4cos x} or their answer from part (c) and

subtracts the either way round. Note that: [4 In[l + cus%] - 4(:05%} —[0] is M.

Al: 41-In2) or 4—4In2 or awrt 1.2, however found.

This mark can be implied by the final answer of either awrt +0.077 or awrt 6.3
Al: For either awrt £0.077 or awrt £ 6.3 (for percentage error). Note this mark 1s for a correct solution
only. Therefore if there 1f a candidate substitutes limits the incorrect way round and final achieves (usually
fudges) the final correct answer then this mark can be withheld. Note that awrt 6.7 (for percentage error) 15
AD.

Alternaiive method for dM1 in part (c)
1-
Iﬂ du = [(1 —t)lnu —I—lnuduJ = [{1 —t)lnu + ulnw — J.E du] = [{l—u}lme +ulnu - u}
u u

or judu:((n—l}lnu—jlnudu]:[(n—l}lnu—[ulnu —Jidunz ((u—l}lnu—ulnu +u)
u u

(1—u)

u

So dM1 is fﬂrI du goingto ((1-w)lnu +ulnu —u) or ((u-1lnu —ulnu +u) oe.

Alternative method for part (d)

M1AL for {4Jl[l—ljdn = }4[|nu—u]g = 4[(In1-1)= (ln2-2)|=4(1-In2)

u

Alternative method for part (d): Using an extra constant A from their integration.

{Mn[l + cosg] - 4:05% + l] ~[4In(1 + cos0) - 4cos0 + A |

A is usually —4, but can be a value of & that the candidate has found in part (d).

Note: The extra constant A should cancel out and so the candidate can gain all three marks using this
method, even the final Al cso.




44,

S::frf]t::;]rn Scheme Marks
8. (a) l=A(5-P)+ BP Can be implied. | M1
A=l.3=l Either one. | Al
5 3
P 4
ivin +
iving P G-P) See notes. | Al cao, aef
131
b ! dP = ! dr Bl
®) P5-P) )15
1 1 1 MI¥
—InP-—In(5=P)=—1t (+¢
5 5 ) 15 (+e) Alft
{r=0,P=1=} llnl—l—ln{4}=0+c JL::v r:—ll.nd-} dM1*
5 5 5
Using any of the
ca: L B O SPU T subtraction (or addition) | 04
5 \5-P 15 5 laws for logarithms
CORRECTLY
4P 1
In ==}
5-P 3
@ —=f or e L =cF Eliminate In’ ly. | dM1*
5. p ©Tap iminate In’s correctly. | db
gives 4P = 5¢" - Pe" = P(4+¢')= 5¢"
e el
p=— (re) Make P the subject. | dM1*
(4+¢) (+e")
Pz%or}:'zi_lﬂc. Al
(1+4e™) (5+20e™)
18]
(c) l+4e¥>1 = P<5. So population cannot exceed 5000. Bl
I
12
(a) M1: Forming a correct identity. For example, 1 = A(5 - P)+ BP. Note 4 and B not referred to in question.

Al: Either one of A:l or B:l.
5 5

t + . 1 1 ;
Al: = + 2 or any equivalent form, eg: — 4+ ———— _ etc. Ignore subsequent working.
P (5-P) ved 8 5P  25-5F £ 1 g
This answer must be stated in part (a) only.
Al can also be given for a candidate who finds both 4 =% and & =% and % + P 1s seen in their

working.
a = J_ J' +
Candidate can use ‘cover-up’ rule to write down "F + ﬁ , as so gain all three marks.

Candidate cannot gain the marks for part (a) 1n part (b).




8. (b)

(<)

B1l: Separates variables as shown. dFand dr should be in the correct positions, though this mark can be
implied by later worlang. Ignore the integral signs.
M1*: Both £AlnPand £ gln(x 5+ P), where 4 and g are constants,

Or tAlnmP and + win(n(+ 5+ P)), where A, g, m and i are constants.

Alft: Correct follow through integration of both sides from their J-%+ 3 FP] dP = jf-.’ dr

with or without +¢

dM1?*: Useof t =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!)

Al: P = ;_; {wherea=5,b=1,c=4}.
(1+4e™)
Also allow any “integer” multiples of this expression. For example: P = L_H
(54 20e )

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.
1

1 1
Note: |———ap= |15a = |Z2+——ap= (154 = mP-In(5-P)=15 is BOMIAIf.
P(5-P) P

(5-1)

dMI* for making P the subject
Note there are three type of manipulations here which are considered acceptable to make P the subject.
(1) M1 for P o postopet o P(l+e")=5"= P = %
5-P (T+e™)

2) M1 for LARC YN bl A N
5 P

|

= Z =¢'+ 1= P=

(1+e™)

I
g
|

=y

(3) Ml for P(5- P)=4e" = P> - 5P =-4¢* ::»[P—%J -%: -4¢" leading to P=...

Note: The incorrect manipulation of

= ? —1 or equivalent is awarded this dMO*.

1

= 1
Note: (P)-(5-P)=e' = 2P-5= Er leading to P = ... or equivalent 1s awarded thus dMO*

Bl: 1+4e " >1 and P<5 and a conclusion relating population (or even P) or meerkats to 5000.

For P = 5 Bl can be awarded for 5+ 20e ¥ >5 and P<S5 and a conclusion relating

(5+20e™)’
population (or even F) or meerkats to 5000.
a

Bl can only be obtained if candidates have correct values of @ and b in their P = ———.
(b+ce™)

Award B0 for: As 1 —eo, e¥ 50.5% P = i =5, s0 population cannot exceed 5000,

(1+0)

unless the candidate also proves that P = oe. 18 an increasing function.

(1+4e™)
If unsure here, then send to review!




8. Alternative method for part (b}
1 1 1
BIMI1*Al: asbefore for =InP —<In(5-P)=—1t (+c)
5 5 15
Award 3™ Ml for |nf } ==t+c
\3-P 3
th - P i
Award 4™ M1 for — = A&’
5-P
Award 2™ M1 for t=0,P=1 = ﬁ = Ae" {: A= &}
P 1 4
—_— =g
5-P 4
then award the final M1Al in the same way.
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45,
%Tjitg? Scheme Marks
(a) 0.0333, 1.3596 awrt 0.0333,
4. 1.3596 Bl Bl (2)
1 2
b) Area(R)=—x—| ... Bl
(b) Area(R)=_x—=[ ]
~ ... [04+2(0.0333+0.3240 +1.3596) +3.9210 | Ml
= [.30 Accept
13 Al (3)
(c) n=x +2 = E:Z_r Bl
x
.fi'nri:zal[z‘i’}:J‘q:lx'L In (Jr1 +2]dr Bl
Jx" In(x: + Z)d_r: Ix: In {x: + Z}Id.r:j{u ~2)(Inu)idu M1
N
Hence Area(R)= 5 L (u=2)lnudu * Al @
Cs0




(d) I{u —2]]nudu = [% —Eu]lnu—d [%— Eif]ldﬂ

:{i—ZHJlnu—

2

= £—2u
2

Area(R)= %[[% - 2:.‘] Inu— [% - Euﬂ

=4[(8-8)In4-4+8—((2-4)In2-1+4)]
=4(2In2+1)

L

o —
B
=
|
"
LS
|
b
—
—
+
™

In2+%

M1 AL

FM1 Al

FM1
Al (6)
[15]




46.

47.

Question Scheme Marks
Number
(4y+3)°
(a) |(4y +3} dx—— (+(.] M1 Al (2)
8. I (4)(%)
( L4y +3) +r)
b dx
®) j 43 +3 J‘ Bl
jl[4_1=+3 'dy=fr"d.‘r
1 L 1
—(4y+3)f =-— (+C M1
S(ay+3) = (+C)
] 1 1 |
Using (-2,1.5) E(4x].5+3]'=——j+-‘f M1
leading to C=1 Al
1{4_1-+3}-* L
2 X
4 2
{4}-‘+3‘J':2—— M1
x
1 2Y 3 _
r=—|2==| == or equivalent Al [
) 4{ IJ 2 q (6)
(8]
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Question
Number Scheme Marks
) xcos2y cos2x
1. jxsml‘cd_x -~ - + dx M1 A1 A1
2 2
_ +:51n 2x M1
4
B M1 A1

(6]




48.

Question

Number Scheme Marks
3.
5 _ 4, B
@) G-)(Gx+2) x-1 3x+2
5= A(3x+2)+B(x-1)
xr—=1 5=54 = 4=1 M1 A1
x—}—g Sz—EB = B=-3 Al (3)
3 3
A
o [—2 g [y
{x—l](l‘c+2] x=1 3x+2

=In(x-1)-In(3x+2) (+C) ft constants

M1 Alft Alft

(3)

(<)

e

Using (2, 8)

- [

ln(_w—]}—ln{3x+2}=ln_1= (+C)

K(x-1
y= g depends on first two Ms in (c)
Jx+2
K .
B= r depends on first two Ms 1n (¢)
o 64(x-1)
T

M1
M1 A1

M1 dep
M1 dep

A1 (6)

[12]




49.

50.

Question

Number Scheme Marks
7.
(a) x=3 = y=0.1847 awrt | B1
x=5 = y=0.1667 awrt or + | B1
(2)
by | I zé[ﬂ.2+ﬂ.lﬁﬁﬁ'+ 2[0.]84?+0.I?45]:| B1 M1 A1ft
- ~0.543 0.542 or 0.543 | At (4)
dx
(€)| —=2(u-4) B1
{
1 dx—Jlx?(u—él}du M1
44 (x-1) u
=_|'[z_§]du A1
u
=2u—8lnu M1 A1
x=2 = u=5, x=5 = u==>06 B1
[2u-8Inu]; =(12-8In6)~-(10-8In5) M1
=2+EIn[EJ A1
6
(8)
[14]
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‘Nomber Scheme Marks
1. (a) }[%] =1.2247, J’[%J =1.1180 accept awrt 4 d.p. | Bl Bl (2)
(b)(1) I = [1]{1.3229+2x1.224?+ 1) Bl for % Bl Ml
= 1.249 cao | Al
(ny I= 2’1}([.3229+2x|{l.29?3+l.224?+l.lIR{}]H} Bl for— Bl M1
=1.257 cao | Al (6)

(8]




51.

52.

Question Scheme Marks
Number
du .
2. — =-—sinx Bl
jsinxe‘“”"dx=—_[e"du MI Al
=—g" ft sign error | Alft
— e«.\'.l:n\'—l
casx+l ;__ 1_f_ .2 L "
[ ]n— =—g ( e) or equivalent with u | M1
=e(e—1) * cso | Al (6)
[6]
Question
Number Scheme Marks
6. (a) f(6)=4cos” #-3sin” @
=4[%+%ccslﬂ‘}—3[é—écus?9) M1 MI
_l 1 s 28 * g, | 3
—2+2mau cso | A (3
1 1
(b) IHEDSZHM=;§5in29—;'[sin2ﬁdﬂ M1 Al
—15'" 'in‘+l* ;26 Al
=3 sin 2 4;05
o 1 ., 7. 7
jﬁf{ﬂ}d&:—.‘? +=0sin 28+ —=cos 28 M1 Al
4 4 8
[ ] = T o0-1 —[mml} M1
0 16 8 8
a7
== - Al 7
1 (7)

[10]
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53.

Question
Number Scheme Marks
Q2 {a) 1.386,2.29] awrt 1.386, 2.291 | B1 B1 (2)
(b) A= 1 0.5( B1
= zx . { . }
= .. {ﬂ+2(ﬂ.6ﬂf§+l.336+2.29[+3.296+4.385]+5.545} M1
= [}.25{0+2({].6UE+l.386+2.291+3.296+4.385}+5.545} ft their (a) | A1ft
=0.25x29477 ... =7.37 cao | Al 4)
) x° x 1
c)i1) xlnxdx:—lnx—.[—x—d,r M1 A1
X j 2 2 x
=£lnx—j£dx
2 2
=L mx-X (+0) M1 A1
2 4
4 474
.. x° x° ; 1
1 —Inx——| =(8Ind-4)-| —— M1
Gi) [2 : } (sin4-4)( 5]
15
=8lnd-—
4
15 ] _
=8(2|n2}—: In4=2In2 seen or impled | M1
=iﬁ4m2—ﬁ) a=64,b=-15 | A (7)

[13]




54.

%l:ler:g::‘ Scheme Marks
Q5 (a) J 9‘”6dx=J [9+9)¢r M1
x x
=9x+6Inx (+C) A1 (2)
(b) JLLdy =J 9x+6dx Integral signs not necessary | B1
y‘ 3,8
-1 9x+6
Iy‘dyzj £ dx
x
y? ;
—=9x+6Inx (+C) +ky” = their (a) | M1
3
_3.).3 =9x+6Inx (+C) fttheir (a) | A1ft
y=8, x=1
3 2
=8 =9+6Inl+C M1
C=-3 A1l
yt =§(9x+6lnx—3)
y* =(6x+4Inx-2)’ (:8(3x+21nx—1)") A1 (6)
(8]




55.

Question

Number Scheme Marks
Q8 (a) £= —2smu B1
[
1 1 :
- = dx = - - =2 smudu M1
x'\{‘4—x' {chsu}' -J-‘-‘—{ZE{JSH]I_
P ) X
=j H“Hnu —du Use of 1—cos u=sin"u | M1
4ccs‘tr1.‘r4sin'u
=-1J' L tﬁ-'( L
4) cos u Cos i
=—imnif (+C) thtanu | M1
x=-uE ::ruE=2cusu = u=%
T
=1 =1=2cosu = HZE M1
1 T 1 T T
——tanu =——| tan——tan —
4 = 4 4 3
1 W3-1
—-L1-3) {=_4 ] A1 @)
2 2
4
= a3t M1
(b) V=x x(4—x' }4 dx
1
A
= lﬁﬂ'j - dx 16 = integral in (a) | M1
X 4=
= lﬁﬁ[ﬁq_ ]] 167 = their answer to part (a) | A1ft (3)

[10]




