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General Marking Guidance

° All candidates must receive the same treatment. Examiners
must mark the first candidate in exactly the same way as they mark the
last.

° Mark schemes should be applied positively. Candidates must be
rewarded for what they have shown they can do rather than penalised
for omissions.

° Examiners should mark according to the mark scheme not
according to their perception of where the grade boundaries may lie.

° There is no ceiling on achievement. All marks on the mark
scheme should be used appropriately.

° All the marks on the mark scheme are designed to be awarded.
Examiners should always award full marks if deserved, i.e. if the answer
matches the mark scheme. Examiners should also be prepared to award
zero marks if the candidate’s response is not worthy of credit according
to the mark scheme.

° Where some judgement is required, mark schemes will provide the
principles by which marks will be awarded and exemplification may be
limited.

o Crossed out work should be marked UNLESS the candidate has
replaced it with an alternative response.



EDEXCEL GCE MATHEMATICS

General Instructions for Marking

1.

2.

These

The total number of marks for the paper is 75.
The Edexcel Mathematics mark schemes use the following types of marks:

M marks: method marks are awarded for ‘knowing a method and attempting to apply it’,
unless otherwise indicated.

A marks: Accuracy marks can only be awarded if the relevant method (M) marks have
been earned.

B marks are unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.

Abbreviations
are some of the traditional marking abbreviations that will appear in the mark schemes.

bod — benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao — correct answer only

cso - correct solution only. There must be no errors in this part of the question to

obtain this mark

isw — ignhore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

% The answer is printed on the paper

|: The second mark is dependent on gaining the first mark
dM1 denotes a method mark which is dependent upon the award of the previous
method mark.

. All Amarks are ‘correct answer only’ (cao.), unless shown, for example, as A1 ft to

indicate that previous wrong working is to be followed through. After a misread however,
the subsequent A marks affected are treated as A ft, but manifestly absurd answers
should never be awarded A marks.

For misreading which does not alter the character of a question or materially simplify it,
deduct two from any A or B marks gained, in that part of the question affected.



6. If a candidate makes more than one attempt at any question:
e |f all but one attempt is crossed out, mark the attempt which is NOT crossed out.
o |f either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

7. lgnore wrong working or incorrect statements following a correct answer.



General Principles for Core Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).

Method mark for solving 3 term quadratic:

1. Factorisation
(x> +bx+c)=(x+ p)x+q), Where|pq| =|c|, leading to x = ...
(ax* +bx+c) = (mx+ p)(nx+q), Where|pq| = |c| and |mn| = |a| , leading to x = ...

2. Formula

Attempt to use the correct formula (with values for a, b and c).

3. Completing the square

2
Solving x* +bx+c=0: (xirgj tg+tc=0, ¢#0, leading to x = ...

Method marks for differentiation and integration:

1. Differentiation

Power of at least one term decreased by 1. (x" = x"™")

2. Integration

Power of at least one term increased by 1. (x" = x"*)



Use of a formula

Where a method involves using a formula that has been learnt, the advice given in recent
examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
errors in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct

working with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for,
or working with surds is clearly required, marks will normally be lost if the candidate resorts
to using rounded decimals.
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Mark Scheme
Question
Number Scheme Marks
1 1
1 1 2 2 1
L@ | (44502 = (4)2(1 + %sz - _(1 + STJZ (4?2 or 2 | BL
1
={2}{ [EJ(kx) Sl 2)(kx) } see notes | M1 Alft
NI R
2)\ 4 2! 4
5 25
= 2[ 1+ gx - = } See notes below!
= 2+§x, éxz—i- isw | Al; Al
__________ S . S S
[5]
2
(b) :—:>(4+5(01))2—\/ 5—\/7:—: 3£
2 V242
—%\/E 3\/Eork——orlSoe B1
v By i 1%
2
3 5( 1 25( 1
22 or 1.5V2 or —=2+—[—]——[—] =2.121 See notes | M1
(© é nen 62\ 10 { } ee notes
s0. 3 3 583
277 256 2 256
"""""""""" 81 o~ 256 181 362 543 256 | ..
1elds,\/_:— r\/7:— — —— or — or — etc. | Al oe
T Y T T YT s 128 0 256 384 181 |
[2]
8
Question 1 Notes
1
1. (a) B1 (4)? or 2 outside brackets or 2 as candidate’s constant term in their binomial expansion
________________________________ e
M1 Expands (+ kx)2 to give any 2 terms out of 3 terms simplified or un-simplified,
1 1
Eg: 1+[5j(kx) ( ](kx)+( L )(kx) 1+ .. ( )( )(kx)
where k is a numerical value and where k# 1.
Al | A correct simplified or un-simplified 1+[ J(kx)Jr( )(2‘ 2)(kx)z expansion with consistent (kx).
Note | (kx), k# 1, must be consistent (on the RHS, not necessarily on the LHS) in a candidate’s expansion.




1y(_1 :
1. (a) ctd. | Note | Award BIM1AO for 2[ 1 +[%j (5x)+%[%c] Fo ] because (kx) is not consistent.

1y_1 2
Note | Incorrect bracketing: 2 { 1 +[%] [%x] +(2)(27""){5%} +... } is BIM1AO unless recovered.

Al 2+ %x (simplified fractions) orallow 2 +1.25x or 2+ lix

Al | Accept only —%xz or —0.390625x’

SC | If a candidate would otherwise score 2™ A0, 3™ A0 then allow Special Case 2" A1 for either

25 5 25
SC: 2 1+§x;... or SC: 2| 14 ...— —x+...| or SC: A| 1+=x— —x*+...
8 128 8 128
A 254
or SC[ A+ S—x - 1;_8 2+..l (where A can be 1 or omitted), where each term in the [ ..... J
is a simplified fraction or a decimal,
OR SC: for 2 + &x - %xz +... (i.e. for not simplifying their correct coefficients.)
'''''''''''''''''''''''''''''''''''''''''''''' P s
Note | Candidates who write 2 1+[1J [—S—XJ +M[_5_x] +... |, where k = —§ and not g
2 4 2! 4 4 4
. 5 25 , .
and achieve 2 - Zx - 6—4x + ... will get BIM1A1AOA1
Note | Ignore extra terms beyond the term in x7.
Note | You can ignore subsequent working following a correct answer.
(b) B1 % 2 or 1.5\/5 or k =§ or 1.50.e. (Ignore how k = % is found.)
(©) M1 | Substitutes x = % or 0.1 into their binomial expansion found in part (a) which must contain both

. . 3 .
an x term and an X° term (or even an x° term) and equates this to either T or their k\/z from (b),
2

where k is a numerical value.

3

Note | M1 can be implied by %\/E or 1.5V2 or =awrt 2.121

[

1 4
Note | M1 can be implied by ;[their %} , with their £ found in part (b).

Note | M1 cannot be implied by (k)(their %g] , with their £ found in part (b).

181 2 4
Al 181 or any equivalent fraction, eg: 362 or 2
128 256 384

Note | Also allow Al for p=181,¢=128 or p=1814,g=1281
or p=256,g=18lor p=2561,4=181A, where e Z*

Note | You can recover work for part (c) in part (b). You cannot recover part (b) work in part (c).
Note | Candidates are allowed to restart and gain all 2 marks in part (c) from an incorrect part (b).
Note | Award M1 Al for the correct answer from no working.

256
Also allow 1—81 or any equivalent fraction.
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1. (a)

Alternative methods for part (a)

Alternative method 1: Candidates can apply an alternative form of the binomial expansion.

1 1 1 (H(=1) 3
@+502 ¢ = @ +(4)@) F(5x)+(4) 2(5x)
............... e e
Bl | (4)2 or2
M1 | Any two of three (un-simplified) terms correct.
Al | All three (un-simplified) terms correct.
Al | 2+ %x (simplified fractions) orallow 2+1.25x or 2+ I%x
25 , 2
Al | Accept only —ax or —0.390625x
| Note | The terms in C need to be evaluated.
1 1 1 1 1 3
So 2C,(4)2+2C,(4) 2(5x);+2C,(4) 2 (5x)* without further working is BOMOAO.

Alternative Method 2: Maclaurin Expansion f(x)=(4 + 5)6)E

3
£(x)= —%4 +5x) 2

11




Question

Number Scheme Marks
2. ¥ =3xy—4y" +64=0
i ( dy) d MIAl
y y Al
L= 2x—|3y+3x—| -8y—=0
(a) {kﬁ(}_xky xde Y2 Ml
2x—3y+(—3x—8y)d—y=0 dM1
___________________________________________ A
dy 2x-3y 3y—2x
- = o.e. | Al cso
___________________ S k.0 i SN N
______________________________________________________________________________________________________________________________ [51.
(b) d—y—0:> 2x-3y=0 Ml
dx y
2 3
== =2 Alft
,,,,,,,,,,,,,,,,,,,,,, S R KR A S R
, 2 Y 3 (3 ,
X =3x|—x|-4 gx +64=0 Ey -3 Ey y—4y"+64=0 dM1
oo -0 Beieoo gyz—gyz 4y’ +64=0 = 2—5y2+64 0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 9 42 A
, 576 24 24 , 256 16 16
= x'= — == -— S>y=—= =— or —— Al cso
25 5 5 25 5 5
When x—iﬁ, :2[%] and —2[% When y:il6, —2[16] and —g[ﬁj
5 305 305 2805 205
[24 16] [ 24 16] 24 6 24 16 ddM1
—, d| -——,—-—|or x=—,y=—and x=——, y=—— g
55 5 5 5 5 5 cso | Al
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" [6]
11
Alternative method for part@ .~
dx ( dx ) MI1Al
(a) k;{ 2x——|3y—+3x| -8y=0 —
e T S B M1
___________________________ dx
(2x-3y)—-3x-8y=0 dM1
,,,,,,,,,,,,,,,,,,,,,,,,,,, Qy
dy 2x-3y 3y—2x
— o.e Al cso
___________________ Ay 3y Y
[5]
Question 2 Notes
2.(a) dy 2x-3y 3y-2x
Not Writing down — = from no working is full marks
General | "% | S ar Taersy T oacogy R
Note | Writingdown & = 2¥=3Y  ( 3Y=2X ¢ no working is M1AOBIMI1AO
Y Y
. . . . dy 2x-3y
Note | Few candidates will write 2xdx — 3ydx — 3xdy —8ydy =0 leadingto — = —, o.e.

This should get full marks.

12



2. (a)

2. (b)

Differentiates implicitly to include either i3x% or —4y*— iky%. (Ignore (% :] ).

—3xy—>—3x%— 3y or —3x%+3y or 3x%—3y or ijx—y+3y

dy dy dy dy
2x —3y—3x— —8y—= —2x -3y=3x—= + 8y—
X y de ydx X y de ydx

dependent on the FIRST method mark being awarded.

: . d . d
An attempt to factorise out all the terms 1nay as long as there are at least two terms in Ey .

ie. ..+ (-3x-— 8y)% =.. or ..=0Cx+ 8y)% . (Allow combining in 1 variable).

or or equivalent.
3x+ 8y —3x -8y

cso If the candidate’s solution is not completely correct, then do not give this mark.

. . d . . dx
Sets their numerator of their ay equal to zero (or the denominator of their ™ equal to zero) o.e.

1** M1 can also be gained by setting % equal to zero in their “2x — 3y — 3xgx—y - Sy% =0

If their numerator involves one variable only then only the 15 M1 mark is possible in part (b).
If their numerator is a constant then no marks are available in part (b)

If their numerator is in the form +ax’ +by=0 or +ax+ by’ =0 then the first 3 marks are

Either

. . 2
e Sets 2x — 3y to zero and obtains either y = gx or x= % y
e the follow through result of making either y or x the subject from setting their numerator

d
of their = equal to zero
S S

dependent on the first method mark being awarded.
Substitutes either their y = %x or their x = % y into the original equation to give an equation in

one variable only.

Obtains either x = % or — ? or y= ? or — ? (or equivalent) by correct solution only.

4
i.e. You can allow for example x = % or 4.8, etc.

X = 1,% (not simplified) or y = 1/% (not simplified) is not sufficient for Al.

13




2. (b)
ctd

ddM1

Note

Note

Note

Note

dependent on both previous method marks being awarded in this part.
Method 1
Either:

. . . 2 . - . 3
e substitutes their x into their y = gx or substitutes their y into their x = 5 y, or

. . 2 . 3 . . .
e substitutes the other of their y = gx or their x = 5 y into the original equation,

and achieves either:
e exactly two sets of two coordinates or

e exactly two distinct values for x and exactly two distinct values for y.
Method 2
Either:

e substitutes their first x-value, x, into x> —3xy —4y* + 64 =0 to obtain one y-value, y, and
substitutes their second x-value, x, into x> —3xy -4y’ + 64 =0 toobtain 1 y-value y, or
e substitutes their first y-value, y, into x> —3xy —4y* + 64 =0 to obtain one x-value x, and

substitutes their second y-value, y, into x> —=3xy —4y® + 64 =0 to obtain one x-value X, .

Both [% , ?) and [—% ,— %} , only by cso. Note that decimal equivalents are fine.
Also allow x = 2—54 , y= % and x =— % , V= —% all seen in their working to part (b).

Allow x:i%, y:i% for 3 Al.

x:i%, y:iE followed by eg. [E,ﬁ] and [——,——)
5 5 5 5

(eg. coordinates stated the wrong way round) is 3™ A0.

It is possible for a candidate who does not achieve full marks in part (a), (but has a correct numerator
d . .

for ay) to gain all 6 marks in part (b).

Decimal equivalents to fractions are fine in part (b). i.e. (4.8 , 3.2) and (—4.8 ,—3.2).

[% , ?] and [—% ,— ?j from no working is MOAOMOAOMOAO.

Candidates could potentially lose the final 2 marks for setting both their numerator and denominator
to zero.
No credit in this part can be gained by only setting the denominator to zero.

14




Question

Number Scheme Marks
3. y=d4x—-xe’, x>0
(a) {y=0:>4x—xe%""=o:>x(4—e%*)zo:>
1 Attempts to solve e%x =4 giving x=... Mi
e’ =4 = x, =4In2 in terms of +Alny where g >0
e 4102 cao (Ignore x=0) | AL
_________________________________________________________________________________________________________________________ [2]
l.X l.X
) ) axez—ﬂj.e2 {dx},a>0,ﬁ>0 M1
(b) {jxez*dx} = 2xe? - Jzez T e A
2xe?’ - j 2¢2" {dx}, with or withoutdx [ A1
"""""""""""" Lol
= 2xe? —4e? {+ c} 2xe? —4e? o.e. with or without +¢ | Al
_________________________________________________________________________________________________________________________ [31.
_ 1,2 ,  4x7
(c) 4xdx )= 2x 4x — 2x* or > o.e. | Bl
””” 41n2(l1\\4ln20rln160rthelr]|mlts
{J' (4x — xe") dx } = {2;& - LerEX - 4eZXJ}
0
0
"""""""""""""""" Yoy ) (. e e |
= 2041n2)" - 241n 2)e2 ™ 1 402 J-(207 - 2(0)e>" + 42" ) See notes | M1
=(32(n2)* - 32(In2) + 16) — (4)
=32(In2)* —32(In2)+ 12 32(In2)*> - 32(In2) + 12, see notes | Al
[31]
8
Question 3 Notes
3. (@ M1 | Attempts to solve e =4 giving x=... in terms of +Aln where g >0
Al 4In2 cao stated in part (a) only (Ignore x=0)
(b) NET Part (b) appears as M1M1A1 on ePEN, but is now marked as M1A1A1.
1 1
M1 | Integration by parts is applied in the form axe? — y/j J‘ez‘\ {dx} , where o >0, £>0.
(must be in this form) with or without dx
1, 1,
Al 2xe? — J 2e? {dx} or equivalent, with or without dx. Can be un-simplified.
1 1
Al 2xe? —4de? or equivalent with or without + ¢. Can be un-simplified.
1 1
Note | you can also allow 22 (x—2) or e (2x—4) for the final Al.
isw | You can ignore subsequent working following on from a correct solution.
L
SC | SPECIAL CASE: A candidate who uses u = x, % =e¢? , writes down the correct “by parts”
formula, but makes only one error when applying it can be awarded Special Case M1.
(Applying their v counts for one consistent error.)

15




3.(c)

Note

Note

Note

4 2
4x — 2x* or % oe

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

1 1

+Ax> + Bre? + Ce? (where A#0, B#0 and C #0)and subtracting the correct way round.
Evidence of a proper consideration of the limit of 0 is needed for M 1.
So subtracting 0 is MO.

‘A correct three term exact quadratic expression in In2.
For example allow for Al

e 32(In2)* —32(In2)+ 12
e 8(2In2)* —8(4In2)+12
e 2(4In2)* - 32(In2)+ 12

1
5 ~(4In2)
e 2(4In2)" —2(4In2)e? +12
i(41nz) i(0)
Note that the constant term of 12 needs to be combined from 4e? —4e? o.e.
Also allow 32In2(In2 - 1)+ 12 or 32ln2[ln2 -1+ 32112 2) for Al.
n

Do not apply “ignore subsequent working” for incorrect simplification.

Eg: 32(In2)* = 32(In2)+ 12 — 64(In2) —32(In2)+ 12 or 32(In4)-32(In2)+12
Bracketing error: 32In2” — 32(In2)+ 12, unless recovered is final A0.

Notation: Allow 32(In°2) — 32(In2) + 12 for the final Al.

5.19378... without seeing 32(In2)* — 32(In2)+ 12 is AO.

1 1

5.19378... following from a correct 2x* — [erzx - 4esz is M1AO.

5.19378... from no working is MOAO.

16




Question Scheme Marks
Number
5 0 8 3
4. lir=|-3|+A| 1|, L:r=| 5|+u| 4| Let# =acuteanglebetween /, and /,.
p -3 -2 -5
Note: You can mark parts (a) and (b) together. ... |
@) {h=L=i}5=8+3u=u=-I Finds gand substitutes their winto [, | M1
8 3 5 ) TTTTTTTTTTTITTTTTTTTTTY s T
SO’{OA}= So=1p 4=l Si+j+3k or | 1] or (5,1,3) | A1
-2 -5 3 3
P SO -
.. _ _ _ Equates j components, substitutes
(b) Jr =3+2=5+du =} 3+2=5+4-D)=1=4 their 4 and solves to give A = ... Ml
k: p-31=-2-5u=> Equates k components, substitutes their A4 and their
d solves to gi =..
p-3d)=-2-51) = p=15 4 and solves to give p .or
—_— equates k components to give | M1
their " p— 31 =the k value of A found in part (a)”,
or ki p-34t=3= substitutes their A and solves to give p =...
=Y =L A ¥
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 31
0 3 0 3 Realisation that the dot product is
(©) d, = 1, d,=| 4| =| 1|e 4 required between | M1
-3 -5 -3) (=5 +Ad,and +Bd,.
7777777777777777 ([ omictum.. A ) Anatempttoapplythedot |
03)+((4)+ (=3)(-5
cosd =+ K L \/ - (2 )+ )(2 )j ( - X )2 2J product formula between +Ad, 3;1}/[01
O+ +(=3)" B +(4)" +(=5) and +Bd,. ePEN)
19 .
cos @ = -——— = ¢ =31.8203116... = 31.82 (2 dp) anything that rounds to 31.82 | Al
____________ NS0
_________________________________________________________________________________________________________________________ 31
11 11 5 6 3 6
(d) OB = 9 |; A4B= 9 |- 1 |= 8 |or 4B=2| 4 |= 8
See Mi
-7 -7 3 -10 -5 -10 notes
]E‘ = J6* + 8+ (=10)’ {: 10 2}
U T Writes down a correct trigonometric equation involving |
—— =sinf . d . dM1
the shortest distance, d. Eg: ———— =siné, oe.
1072 g their AB
{d —1025in31.82... = }d: 7.456540753... = 7.46 (3sf) anything that rounds to 7.46 | Al
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 31
11
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4. (b)

4. (d)

Alternative method for part (b)

Eliminates A to write down an

3xj: =9+34=15+12u P—9=13+7u wril Mi
k: p-31=-2+5u equation in p and u
Substitutes their 4 and solves to give Ml
p—9=13+7(-1) = p=15 p=..
p=15| Al
Alternative Methods for part (d) Let X be the foot of the perpendicular from B onto /,
0 5 0 5
d=| 1|, OX=| -3 |+4] 1 |=| -3+4
-3 15 -3 15-31
5 11 -6
BX=| -3+1 |- 9 |=| -12+A
15-32 -7 22 -3
Method 1
—6 0 (Allow a sign slip in
— copying d
BXed =0 = | —1244 [of 1 [=-12+4-66+94=0 __corying d)
22 _3) 3 Applies BXed, =0 and
solves the resulting | M1
leading to 101 - 78 =0 = A = 39 equation to find
5 a value for A.
6 6 Substitutes their value of
’1 A into their BX .
BX = -12 +£ = -— dM1
5 5 Note: This mark is
39 7 dependent upon the
22-3 5 5 previous M1 mark .

2 21 ? 7 : 746
d=BX = (—6) + 5 +|—-—=| =7.456540753... awrt /. Al
Method 2

— 2 —2
Let B=|BX| = 36+ 144- 242+ A* + 484 — 1322+ OA° Finds 8 = ‘BX| in terms of A,
2
= 104" ~ 1564 + 664 finds% and sets this result | M1
dg 39 da
So u - 204 -156=0=1= El equal to 0 and finds a value for
A.
[ e
2 Substitutes their value of A into their ‘BX .
—P 39 39 278
‘BX h 10(?] - 156(?] + 664 = 5 Note: This mark is dependent upon the Ml
__________________________________________________________________________________________ previous Ml mark . |
d=BX = /? = 7.456540753... awrt 7.46 | Al

18




Question 4 Notes

4. (a)

(b)

(©

(d)

M1 Finds x4 and substitutes their ginto /,

5
Al Point of intersection of 5i +j+ 3k . Allow | 1| or (5,1,3).
3
_Note | You cannot recover the answer for part (a) in part (c) orpart (d).
M1 Equates j components, substitutes their g and solves to give A =
~ M1 | Equates k components, substitutes their A and their z and Solves o give p=..

or equates k components to give their " p — 31 =the k value of A” found in part (b).

NOTE | Part (c) appears as M1A1A1 on ePEN, but now is marked as M1IM1Al.
M1 Realisation that the dot product is required between +Ad and +Bd, .

Note | Allow one slip in candidates copying down their direction vectors, d, and d,.

dM1 | dependent on the FIRST method mark being awarded.
An attempt to apply the dot product formula between + Ad and +Bd, .

Note @ =0.5553...° is AO.
( 0-16-60 ) -76

L«/(O)2+ (4)+(=12)> A(=3) +(=4) +(5)° J V160450

Note | M1A1 for cos @ =

Alternative Method: Vector Cross Product
Only apply this scheme if it is clear that a candidate is applying a vector cross product method.

( 0 Vo 3 ) ij ok Realisation that the vector
d, xd, = 1 |x 4 = 01 -3|=7i-9j-3k cross product is required M1
-3 -5 3 4 -5 between tAd,and £Bd, .
sin @ = \/(7)2 90 An attempt to apply the dM1
\/(0)2 +(1)2 4+ (=3)? .\/(3)2 +(4)2 +(=5) vector cross product formula | (pray
sin @ = 139 = 6=31.8203116...=31.82 (2 dp) anything that rounds to 31.82 | Al

M1 | Full method for finding B and for finding the magnitude of AB or the magnitude of Eél

dM1 | dependent on the first method mark being awarded.
Writes down correct trigonometric equation involving the shortest distance, d.

Eg: ——— =sinf or L = cos(90 - 6), o.e., where “their AB” is a value.
their AB their AB

and @ ="their@" or stated as @

A1l | anything that rounds to 7.46
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Question

Scheme Marks
Number
5. | Note: You can mark parts (a) and (b) together. |
(a) x=4t+3, y=4+8+—
__________________________________ S B
dr _ , Y _y 30 Both%:4 rg— d Q=4—§t'2 B1
| de o de 2 e de 4 ¢ de - 2
4-=17 . y o . x | Ml
dy _ 2 _ 55 _ 5 Candidate’s — divided by a candidate’s —
So, == l——t7 =1-— dt dr | o.e
4 L8 &
{When =2, } v _27 27 or 0.84375 cao | Al
_____________________ e 2 A
[3]
| Way 2: Cartesian Method A
dy o e T
—=1- , simplified or un-simplifed. | B1
b0 ar ey TP T
e (x-3) dy %
4+ 1+ , A#0,u#0
dx (x—3)’ H Mi
{Whent=2,x=11} &_27 27 or 0.84375 cao | Al
,,,,,,,,,,,,,,,,,,,,,,,,,,,, e 32 32
[31
| Way 3: Cartesian Method
2
dy _ @x+2)(x=3)—(x"+2x-3) Correct expression for d_y’ simplified or un-simplified. | B1
dx (=3 e AX
_x2—6x—1 d_y:f’(x)(x—3):1f(x) ’
where f(x) = their "x* +ax+b", g(x)=x—-3
{Whent=2,x=11} &_27 =2 or 0.84375 cao | Al
____________________________ d 32 2
[31
t—x_3:> —4[x_3j+8+ 5 imi -
) 1 y 1 3 Ehm'lnat.es t to achieve Mi
2 4 an equation in only x and y
y=x-3+8+ 10
e X T e
y= 3)("_3)+§(x_3)+ 10 Y(x—=3) = (x = 3)(x—3) + 8(x=3) + 10
o See notes | dM1
(x+5x-3)+10 (x+5(x=-3) 10
roy= or y= +
____________________ X X=X
2y s Correct algebra leading to
X+ 42X — 2
= y=— 5 te=2andb==3) y= X2 i oand b=-5 | Al
x-3 cso
[31
6
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gﬁiﬁggfn Scheme Marks

5.(b) Alternative Method 1 of Equating Coefficients
B X’ +ax+b
x-3
y(x—3) = (4t +3)* + 2(4t+3) -5 = 16> +32t+10
X +ax+b=(4t+3)7 +a(4t+3)+b

= y(x-3)=x"+ax+b

2 _ 2
I raG b e equation in only r,aand b | M'
‘e 2Uid4a=32 —a=2 Equat.es their coefficients in ¢ and IM1
04t hel0 —he—s e findsboth ¢=... and b=...| "
constant: 9+3a+b=10 =b=-5 a=2and h=—5| A]
[3]

S.(b) [ Alternative Method 2 of Equating Coefficients

=273 —4[x_3]+8+ > imi i
4 y 4 ) [x— 3] Eliminates ¢ to achieve Ml

an equation in only x and y

x-3 - (x-3)
y(x=3)=(x+5)(x-3)+10 = X’ +ax+b=(x+5(x-3)+10 dM1
””””””” . . N ~ Correctalgebraleading to |
X" +2x-5 or equating coefficients to 2425 —5
= Y= 3 give a=2and b=-5 y=2 1270 o g=2and b=-5 | Al
x—-3 cso
[31
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Question 5 Notes

5. (a)

(b)

2 —
B1 d 4 and Q: 4 - Et"2 or dy _8 5 > or b 4-5021)7(2), etc.
dr dt 2 dr 2t dt
Note 3—)) can be simplified or un-simplified.
t
__Note | You can imply the B1 mark by later working.
. , dy ... . , dx dy . . , dr
M1 Candidate’s — divided by a candidate’s — or — multiplied by a candidate’s —
t dr dr dx
. I . . dy . dx
Note M1 can be also be obtained by substituting ¢ = 2 into both their a and their @ and then
t t
| dividing their values the correct way round.
Al — or 0.84375 cao
M1 | Eliminates 7 to achieve an equationinonly xandy.
dM1 dependent on the first method mark being awarded.
Either: (ignoring sign slips or constant slips, noting that k can be 1)
e Combining all three parts of their x — 3 + 8+ [ 103} to form a single fraction with a
T Y
common denominator of *k(x—3). Accept three separate fractions with the same
denominator.
.. . 10 . . x-3
e Combining both parts of their x + 5 + 3) (where x + 5 is their 4 4 +8),
Y il
to form a single fraction with a common denominator of £k(x—3). Accept two separate
fractions with the same denominator.
e Multiplies both sides of their y=x -3 + 8+ { 10 ] ortheir y=x+5 + ( 10 j by
E— x-3 — x-=3
+k(x—3). Note that all terms in their equation must be multiplied by tk(x—3).
___Note | Condone “invisible” brackets foraMt. ...
) ) . ) X +2x-5
Al Correct algebra with no incorrect working leading to y = 3 or a=2and b=-5
X —
 Note | Some examples for the award of dM1in (b): T
dMO for y=x-3+8+ 10 - y= (x = 3)x=3 +8+ 10 . Should be ...+8(x—3)+...
x-3 x-3
dMO for y=x-3 + 10 - y= (x = Hx =3I+ 10. The “8” part has been omitted.
x—-3 x-3
dMO for y=x+5+ 10 - y= w . Should be ...+5(x—=3)+...
x-3 x-3
10 .
dMO for y=x+5+ —3 - y(x—3)=x(x—3) + 5(x—3) + 10(x - 3). Should be just 10.
x f—
"""""""""""""""""""""""""" 2 o0x_5
Note y=x+5+ — =2 x3 with no intermediate working is dM1A1.
— x—
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Question

Number Scheme Marks
3
6. (a) A:I JB-x)x+1D) dx, x=1+2sind
_________ (] e e e e e o o o e e e - _ _ _ _ _ _ _
X 5ot — =2cos6 or 2cos@ used correctly BI
_______________________________________________________________________ in their working. Canbe implied. |
{J‘\/(3—x)(x+1) dx orJ‘J(3+ 2x—x%) dx }
_ J JB=(+25in0)(( + 25in) + 1) 2cos0 {d6)} Substitutes for both x and dx, |
where dx = Ad6. Ignoredd
- j\/(z— 25in0)(2 + 2sin0) 2cos0 {d6)
= j,[(4— 4sin’ 9) 2cosé {d@}
(S 20 1 o T
= j,[(4—4(1—00529) 2cos€{d9} or J\/4coszﬁ Zcosﬁ{dé’} Appliescos™§ =1 -sin"¢ M1
................................................................................................... seenotes |
2 2
_ 4J'00820d9’ {k=4} 4Icos 6dé or I4cos 6deo Al
o ______Note: d6 isrequired here. |
0=1+2sin@ or —1=2sinf or sinfd=-— = HZ_%
See notes | Bl
and 3=1+2sind or 2=2sinf or sinf=1= 9:%
A A )
) _ 1+ cos26 Applies cos26 = 2cos” -1
®) {kJ‘COS o {d@}} N {k}J‘( 2 J {dg} to their integral Ml
_ {k}(lg . lst@] Integrates to give taf £ Bsin26, a = O,.ﬂ =0 | M1
2 4 or k(taf * Bsin26) | (AlonePEN)
{So 4J. cos’ 8d6 = [20 + sinZB}i }
(5ol ) (A5 F)
2 6
:(ﬂ)_ _Z_ﬁ :4_7[4__3 4_7Z'+£ or
3 2 3 2 3 2 Al
€ao0 cso
é(8ﬂ+3\/§)
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 31
8
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Question 6 Notes

6. (a) B1 % =2cos6. Also allow dx =2cos@dé. This mark can be implied by later working.

Note | You can give Bl for 2cos@ used correctly in their working.
M1 | Substitutes x =1+ 2siné and their dx [from theirrearrangedc%j into \/(3— x)(x+1) dx.

Note | Condone bracketing errors here.
Note | dx # Ad@. For example dx = dé.

Note | Condone substituting dx = cosé for the 1* M1 after a correct % =2cosf or dx=2cosddl

M1 | Applies either

e 1-sin’f=cos’d

e 1-Asin’0 or A(1-sin’ )= Acos’

o 4—4sin’@ =4+2c0s20-2 = 2+2c0s20 = 4cos’ @
to their expression where A is a numerical value.

Al | Correctly proves that J-\/(3—x)(x+ 1) dx is equal to 4.[ cos’@dé or J.4cos2 6do

Note | All three previous marks must have been awarded before Al can be awarded.
Note | Their final answer must include d&.

B1 Evidence of a correct equation in sin@ or sin™' @ for both x-values leading to both & values. Eg:

e 0=1+2sind or —1=2siné or sin@z—% which then leads to 9:—%, and
e 3=1+2sinf or 2=2sin@ or sin@ =1 which then leads to 02%

Note | Allow Blfor x=1+ 2sin[—%] —0and x=1+ ZSin(gj -3

Note | Allow B1 for sin@z(xT_l] or H:Sin'l(xT_l) followed by x=0, 0 = —%; x=3 0=

0N

(b) NOTE | Part (b) appears as M1A1A1 on ePEN, but is now marked as M1M1A1l.

M1 | Writes down a correct equation involving cos26 and cos” &

1+ cos26

Eg: cos20=2cos’0—1 or cos’f = M}

2
and applies it to their integral. Note: Allow M1 for a correctly stated formula (via an

or Acos’ @ = /1(

M1 | Integrates to give an expression of the form + a6 + Bsin20 or k(xaf + Bsin26), a#0, 0

Al A correct solution in part (b) leading to a “two term” exact answer.

iy \/g 87 \/g 1
: or —+— or — 87r+3\/§)
RN 6.2 " 6 ( ______________________________________________________________________
Note | 5.054815... from no working is MOMOAO.
Note | Candidates can work in terms of k (note that & is not given in (a)) for the M1M1 marks in part (b).

z

Note | If they incorrectly obtain 4J‘ cos”#d@ in part (a) (or guess k =4) then the final A1 is available

Fd

6

for a correct solution in part (b) only.
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Question

Number Scheme Marks
; 2 _ A B
@ TP P2
CA i e O S Canbe implied. | M1
A=-LB=l . Eitherone |Al
.. 1
ivin -— . f | Al
gving P-2 P See notes. cao, ae
[3]
ap 1
b — =—P(P—-2)cos2t
®) dr 2 ___( _______ ) ________________________________________________________________________________________________________
2 dpP cos 2t dr be implied by lat ki B1
= oe
PP_2) can be implied by later working
"""""""""""""""""""""""""""""""""""""""""""""""" +AIn(P-2)+ ulnP, |
( /1)7& Oﬂ =0 Ml
In(P-2)—InP=—=sin2 (+¢) oo ST . L
In(P—2)—-InP =—sin2t | Al
{t=0,P=3=} Inl-In3=0+c¢ {:> ¢=-In3 or ln(%)} See notes | M1
In(P-2)-InP = %sinZt —1In3
In 3P-2 = lsin 2t
IS SR SO ¢SS SN
Starting from an equation of the form
tAIn(P- )+ ulnP =+ Ksindt + c,
3P-2 _ ot A, B, K5 %0, applies a fully correct method to | )
P eliminate their logarithms.
Must have a constant of integration that need
_______________________________________________________________________________ not be evaluated (seenote) |
3P -2) = Pe*™ =3P -6 = Pt A complete method of rearranging to
i Lo make P the subject. dM1
gives 3P-PeX" =6 = P3-¢")=6 Must have a constant of integration
6 . that need not be evaluated (see note) |
P —
(3 — &™) Correct proof. | Al * cso
! A 7.
(c) {population = 4000 =} P =4 States P =4 or applies P =4 | M1
| 34-2) 3 Obtains *+ Asin2¢t =1Ink or =+ Asint =1Ink,
Esin 2t = ln( 1 j {= In (Ej} A#0, k>0where Aand k are numerical | M1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, valuesand A canbel |
¢ = 0.4728700467... anything that rounds t.o 0.473 Al
...................................................................................... Do notapply iswhere |
[3]
13
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Question

Scheme Marks
Number
Method 2 for Q7o)
7. (b) In(P-2)—InP=—sin2s (+c) As before for... | BIM1A1
pP-2 1
ln[( )] = —sin2t + ¢
P 2
Starting from an equation of the form
*AIn(P-p)+ ulnP =+ Ksindt + c,
(P-2) _ szt (P-2) _ fen A1, 3,K,6 %0, applies a fully correct 31 M1
P P method to eliminate their logarithms.
Must have a constant of integration
_________________________________________________________________ that need not be evaluated (seenote) |
P_2) = APe!™ — p_ APer™ = 2 A complete method of rearranging to
( ——————— ) = AP ¢ DI A O SR make P the subject. Condone sign
Lin2e 2 slips or constant errors. Must have a | 4" dM1
= P(-4et7)=2 = P= (1— Aek™) constant of integration that need
_______________________________________________ © ) . notbeevaluated (seenote) |
o) See notes
{1=0,P=3=} 3= ——— (Allocate this mark as the | 2" M1
______________________________ A 2"MimarkonePEN).|
2
3= - _
(1-A) 3
IS T B
(1 3 le;sinzfj 3-e™") Correct proof. | Al * cso
3
Question 7 Notes
7 M1 Forming a correct identity. For example, 2= A(P-2) + BP from 2 _A + B
- (@) g Y P 2= P(P-2) P (P-2)
Note | A and B are not referred to in question.
Al Eitherone of A=-1or B=1.
1 1
Al P2 - ; or any equivalent form. This answer cannot be recovered from part (b).
"""""""""""""""""""" R e
Note | M1A1AI1 can also be given for a candidate who finds both A=—-1 and B=1 and > + P2
is seen in their working.
1
Note | Candidates can use ‘cover-up’ rule to write down ) - ; , SO as to gain all three marks.
Note | Equating coefficients from 2 = A(P—-2) + BP gives A+ B=2,-2A=2=A=-1, B=1
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7. (b) B1 Separates variables as shown on the Mark Scheme. dPand d¢ should be in the correct positions,
though this mark can be implied by later working. Ignore the integral signs.

2 1 1
Eg: dP = | cos2tdt ———— dP = — | cos2t dt o.e. Iso fine for B1.
Note g I P _op j or j P 2_[ are also fine for

1M1 | 2AIn(P-2)+ ulnP, A #0, u=0. Alsoallow + AIn(M(P-2)) + ulnNP; M,N canbe 1.
Note | Condone 2In(P—2)+2InP or 2In(P(P-2)) or 2In(P>-2P) or In(P*>-2P)

1®* A1 | Correct result of In(P—2)—1InP = %sinZt or 2In(P-2)—-2InP =sin2t

o.e. with or without +¢
2" M1 | Some evidence of using both =0 and P =3 in an integrated equation containing a constant of

3 M1 | Starting from an equation of the form +Aln(P- f) + ulnP = £ Ksindt + ¢, A, 1, 5,K,8 20,

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,

gnd A1 | Correct proof of P = 61 — Note: This answer is given in the question.
3 75111 t)
P - 2 —_ s
Note ln(( 7 )] = —sin2t + ¢ followed by ( 2) 22 + ¢ is 31 MO, 4" MO, 2™ AO.
P_2 P_Z Lgin2t +¢ — —sin2t . .
Note ln[( )j = —sin2t+c¢ —> ( ) = e (PP 2) 2™ | ¢ is final MIMOAO

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

P the subject.
3P—2 Lgin2r Lsin2s Lgin2r Lgin2s
(1) Ml for % = e 3(Po2) = P 3P -6 = P = PG - ™) =6
6
=P = Lsin2t
B-e")
P-2 Lgin2t Lgin2¢ Lgin2r
@) Mifor 2= _ g g O e g e =£:>:>P=%
P P (3_625111 )

sin2¢ sin2¢

(3) Ml for {m(P— 2)+InP= %sin2t +1In3 :>} P(P-2)= 3¢ = P2 _ 2P =3¢

Lsin2t

= (P-1)* - 1= 3¢"" leadingto P=..

(c) M1 States P =4 or applies P = 4
M1 | Obtains £ Asin2¢t =Ink or = Asint = Ink, where A and k are numerical values and A can be 1
Al anything that rounds to 0.473. (Do not apply isw here)

Note | Use of P=4000: Without the mention of P =4, %sin 2t =1In2.9985 or sin2f=21n2.9985
or sin2¢ =2.1912... will usually imply MOM1AO

Note | Use of Degrees: f=awrt 27.1 will usually imply MIM1AO
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Question
Number Scheme Marks
_ X dy_ X dy_ X xIn3
b | persjgeym g Ymeme)orom e
Either T: y-9=3In3(x -2)
) , See notes | M1
_____ or T: y=(3 In3)x+9-18In3 where 9=F nH+c |
{Cuts x-axis => y=0=}
Sets y =0 in their tangent equation
—9=91n3(x=2) or 0=(3In3)x+9—18In3 Y sented M1
______________________________________________________________________________________ and progressesto x=... |
So, x = —L —L 2In3 -1 Al cso
,,,,,,,,,,,,,,,, w3 . m3 w3 |
_____________________________________________________________________________________________________________________________ [4]
2 V= I (3) with or without dx
b | V= 4(3}‘) {dx} or 43”{@} or 7rJ-9"{dx} -7 " | Bloe.
__________________________________________________________________________________________ which can be implied |
2x
Eg: either 3** —)3— or ta(In3)3*
+a(In3) M
{ } (3 or { }( o | or 9*—)9—)( or Ta(In9)9", o €
L21n3 L1n9 +a(In9) - =
""""""" 2x9
32 or 9 > = or eX™ _, (62x1n3) Al oe
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 23 Im9 23 7|
s y \ Dependent on the previous
2 3 3! 1 407 method mark. Substitutes
_ 2x _ —
{V_;rj'03 dx_{”}{zhgl} _{”} 2In3  21n3 { 1n3} x=2 and x =0 and subtracts dMml1
... thecorrectwayround. |
1 o 1 277w v 1 9Y2(2 — thei S
V. o=—z9? —| 1= 22 one = =77(9)* (2 —their (a)). See notes. | Bt
cone 3 In3 In3 3
40r 27 137 137 267 67 .
Vol(§)=—— } = — —— or —— or etc., isw
{ ol($)= In3 In 3} In3 In3 In9 2In3 Al oe.
{Eg: p =137, g =13} [6]
10
(b) | Alternative Method 1: Use of a substitution |
2
V= 4(3*) {dx} Bloe
3= ¥ 332 un3 {n}j i {du} ={x} | == {du}
uln3 In3
2 2
3 - or ta(In3)u’, where u=3" | M1
( }( W) () +a(In3) (n3)u’, w
= 7[ ---------------------------------------------------------------------------
L21n3 2 u? .
( ) ,where u=3" | Al
2(1n3)
) ’ \ ‘Substitutes limits of 9 and
e u’ B 9’ 1 407 1in u (or 2 and 0 in x)
{V_”J.O(S ) dx_{ﬁ}Lan%l} _{”} 21n3 2In3 { lnS} and subtracts the correct dm1
o I _wayround. |
| then apply the main scheme.
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Question 8 Notes

8. (a) B1 % =3"In3 or In 3(6"“3) or yIn3. Can be implied by later working.

d
M1 | Substitutes either x =2 or y =9 into their Ey which is a function of x or y to find m, and

o either applies y— 9= (their mT)(x - 2), where m, is a numerical value.
e orapplies y= (their mT)x + their ¢, where m, is a numerical value and c is found

by solving 9= (their mT)(Z) +c

M1 Sets y =0 in their fangent equation, where m, is a numerical value, (seen or implied)
and progresses to x=...

1 2In3-1 In9-1
Al An exact value of 2 —— or n3 or n9 by a correct solution only.

In3 In3 In3
A or A2In3-1) or A(n9 —1) or 2 -
Aln3 Aln3 Aln3 Aln3
and ignore subsequent working.

Note | Allow Al for 2 — , where A is an integer,

heir & their &
eir & eir &

Note | Using a changed gradient (i.e. applying . ) is MO MO in part (a).

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) is AQ.

8. (b) B1 A correct expression for the volume with or without dx

Note | Eg: Allow B1 for ﬂj(3”)2{dx} or ﬁJ.32x{dx} or 7rJ.9*’{dx} or ﬁJ.(e”'“})z{dx}

2x x
M1 | Either 3* - 3 or +a(In3)3* or 9 — 9 or +a(In9)9"
+a(In3) +a(n9)
2xIn3 exln&’
e’ 5> ——— or ta(n3)e®™™ or e > ——— or ta(n9)e™’, etc where o €
ta(In3) +a(In9)
2x+1 x+1
Note 3 > ——— or 9" > ——— are allowed for M1
ta(In3) +a(In3)
2x+1 x+1
Note | 3> - or 9° —» are both MO
2x+1 x+1
2x
Note | M1 can be given for 9°* — or a(In9)9™
ta(In9)
. . 2x 2x 32" > x ! 2xIn3 1 2xIn3
Al Correct integration of 3™*. Eg: 3™ — or or 9" —» or e — —(e )
2In3 In9 In9 2In3

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 is MO.
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8. (b)

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 is MO.

B1ft Ve = %7[(9)2(2— their answer to part (a)).

Sight of 217—;[ implies the B1 mark.
n

Note | Alternatively they can apply the volume formula to the line segment. They need to achieve the

13—” or 26—” or 267 , etc. , where their answer is in the form P
In3 In9 2In3 q

Note | The 7 in the volume formula is only needed for the 1¥ B1 mark and the final A1 mark.
Note | A decimal answer of 37.17481128... (without a correct exact answer) is AQ.

Note | A candidate who applies J.3de will either get BO MO AO MO BO A0 or BO MO A0 MO B1 A0

Note ﬂj 3“ dx unless recovered is BO.

Note | Be careful! A correct answer may follow from incorrect working

, 2
L)_/{x‘“}_zm 3 2z
0

In3 2n3| 1n3  2In3 2In3 In3  In3
would score BO MO A0 dMO M1 AO.

2
V= ﬂj 3% dx —lﬁ(9)2(
0 3

2" B1ft mark for finding the Volume of a Cone

2
V= ﬂ_[ (9xIn3-18m3 + 9)2dx

cone

In3

372 Award B1ft here where their
(9xIn3-18In3+9) e )
= 271n3 lower limit is 2 — 3 or their

2- L or their part (a)answer
In3

part (a) answer.

27In3 27In3

3
1
2-—|In3-18In3
{(181n3—181n3+9)3J [9E 1n3)n ! +9j
=T -

729 (181n3 - 9—18In3 +9)’
= 7[ —_—
27In3 27In3

2T
In3
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8. (b)

2" B1ft mark for finding the Volume of a Cone

Alternative method 2:
2

‘/cone =7 1
P
In3

(9xIn3 —18In3 +9)’ dx

2
= ;zj 1 (81;8(1113)2 ~324x(In3)’ +162xIn3 —324In3 + 324(In3)* + 81) dx

In3

= 727 (1n3)' ~162+° (In3)" + 812’ In3 ~324xIn3 + 324x(In3)” + 8li2
2

seskesfesk

n

In3

= 7| (216(1n3)’ - 32413 + 162 -

= 7| (216(1n3)’ - 32413 + 162 -

=7

2T
In3

(216(1n3)’ - 3241n3 + 162} - (216(1113)2

n

—324(2—Lj1n3 + 324(2—Lj(1n3)2 + 81(2 —%)

In3

12

4
-
In3

+81[4

lg- 12, 0 1
In3 (1n3)

%Jm - 324(2 ~ L

(In3)

_ L
In3

(216(1n3)" ~648(In3)" +3241n3 ~ 64813 + 648(In3)’ + 162

1y ) 1Y ) 1Y
27| 2-— | (In3)’ - 162| 2—— | (In3)° + 81| 2—— | In3
In3 In3 In3

n

n

WJ(lns)2 -16

In

+ 324[2 —Lj(ln 3)? + SIKZ—LJ
In3 In3

27

216(In3)" - 3241n3 + 162 - — —048(ln

n
81

+324In3 - 324 +ﬁ_ 648In3 + 324
n

+ 648(In3)’

—324In3 + 162—ﬂ

In3

-324In3 +162 - —

)

jln3
3

Award B1ft here where

their lower limit is 2 — L
In3

or their part (a) answer.

o4t L
In3 (ln3)

J(ln?ﬁ)z

3)" +648In3 — 162
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