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General Marking Guidance

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

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

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

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

e Allthe 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.

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

e When examiners are in doubt regarding the application of the
mark scheme to a candidate’s response, the team leader must
be consulted.

e Crossed outwork should be marked UNLESS the candidate has
replaced it with an alternative response.



EDEXCEL IAL MATHEMATICS
General Instructions for Marking
1. The total number of marks for the paper is 75.

2. 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.

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

e B marks are unconditional accuracy marks (independent of M marks)
Marks should not be subdivided.

3. Abbreviations

These are some of the traditional marking abbreviations that will appear in
the mark schemes and can be used if you are using the annotation facility on
ePEN:

bod - benefit of doubt
ft — follow through

o the symbol f will be used for correct ft
e cao - correct answer only

e cso — correct solution only. There must be no errors in this part of the
question to obtain this mark

e isw - ignore subsequent working

e awrt - answers which round to

e SC - special case

e o0e - or equivalent (and appropriate)
e d... or dep - dependent

e indep - independent

e dp - decimal places

e sf — significant figures

e % - The answer is printed on the paper or ag- answer given

E or d... - The second mark is dependent on gaining the first mark

4. All A marks are ‘correct answer only’ (cao), unless shown, for example, as Al
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.



5. 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. If you are using the annotation facility on ePEN, indicate
this action by ‘MR’ in the body of the script.

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

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



General Principles for Pure Mathematics Marking
(NB specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(x> +bx+¢) = (x+ p)(x+q), where|pg| =|c| |eading to x = ...
(ax® +bx +c) = (mx + p)(nx + q), where|pq| = |c| and |mn| = |a| leading to x = ...

2. Formula
Attempt to use correct formula (with values for a, b and c)
3. Completing the square

Solving x> +bx+c=0: (xt2)’+gtc, ¢=#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 mistakes 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.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will
give details of what happens in particular cases. General policy is that if it could
be done “in your head”, detailed working would not be required. Most candidates
do show working, but there are occasional awkward cases and if the mark
scheme does not cover this, please contact your team leader for advice



Question
Number Scheme Marks
1(a) 2y =3y=7+13=2)"-3y-20=0=>y=... M1
5
y=-3 and y=4 Al
2
(b) ) dy
2y —>4ya BI
—6xy—)+...xd—y+...y M1
f.x - E
dy dy 2x-1
4y ——6x——-6y=14¢"" Al
ydx ar y
5 M1
4(4)d—y—6(ljd—y—6(4)=l4e [ZJ :>d—y=
dx 2 )dx dx
38 1
_”4"=l|_" _ Ml
4 13 (x 2}
Al
38x—13y+33=0
(6)
(8 marks)

(2)
Ml1: Attempts all of the following

. 1. : . .
e substitutes x = > into the equation for C (condoning slips),

e collect terms and forms a 3TQ in y (terms do not need to be on one side of the equation and the ‘=
0’ may be implied by subsequent working)

e solves their 3TQ in y using usual rules (including via a calculator) to find at least one value for y.
If a calculator is used, the values must be correct for their 3TQ

Al:  Achieves both values —%, 4 following the award of M1



(b)

BI:

Ml:

Al:

Mil:

MI1:

Al:

2y > 4y% o.e. For example, accept 2)° — 2 x 2y%

Attempts the product rule on —6xy . Look for iax% +fy

Don’t be concerned by the signs here unless they state and use an incorrect product rule vu'—uy'
Fully correct differentiation 4y % — 6x% —6y =14¢>" o.e. Allow un-simplified versions
You may see versions like 4ydy —6xdy —6y dx =14e™" dx or 4yp'—6xy'-6y = 14e>" which is
dy dy

acceptable. If they write o 4 y% - 6x% — 6y —14e™" =0 this will be A0 unless the < on the left

subsequently disappears and is ignored.

Attempts to substitute in x = 5 with their positive y value to find a value for the gradient of the tangent. It

is dependent upon having exactly two terms in ay one each from the differentiation of 2y” and 6xy . This

can be implied by a correct value for their % . Allow slips if they attempt to make % the subject before

dy_6y+l4e™! dy_24+14 38
4y-6x dv 16-3 13

substituting in x = 5 with their positive y value. FYI

Uses the value for their ay with the point (%, aj where a is their positive y coordinate to find the

equation of the tangent. If they have two positive y values, use of either one would be OK for this mark. It
must follow some attempt at differentiating the equation for C. If the form y = mx + ¢ is used the method

must proceed as faras ¢ = ...

38x—13y+33 =0 (or any integer multiple of this). The order of the terms is not important



Question
Number Scheme Marks
2 dv
— =1k
dt Bl
4 Vv
V=—nr ——=4nr’
3 dr Bl
, dr
thk=Ar x— M1
dt
dr_ 2k _dr 1. Al*
dt  4nr’ dt
(4 marks)
dv dv , o . .
Bl1l:  States or uses m =k or m =—k (We don’t know if k is positive or negative).

: . . drv
Ignore any reference to units even if they are incorrect. E.g. m =k cm’ / sec
t

Bl:  States or uses (;—V =471’ o.e.
r
M1: Uses a correct chain rule e.g. a = a X dr or equivalent with a =tk and a =Ar
de dr dt dt dr

ATl*: Completes the proof by looking for the following three elements
. dr  tk
e achieves — = >
dt  4nr

1

e  Offers a valid reason why % oc —
r

e gives a minimal conclusion

All previous marks must have been awarded
Examples of acceptable reasons and acceptable conclusions are;

Eg. 1 dr =— k == —%, hence proven (Note that ¢ cannot be k)
dt 4y r
dr k k . d 1
E.g. 11 — =—,as — s aconstant— o« —
dt  4nr 4 de r
Eg. III dr =— > as kand 7 are constants, it is true
dt 4rr
1
I\ kzz—iXTOr(—iijz/
dt 4rr 4z r 4 ) r
{ (:rv.Sr“r]J’JJ
~—t
f AK re
E.gV. J Reason
dr K | <«——— Conclusion




Question
Number Scheme Marks
dy J sin2x
cos” (2x =3sin2x—> |y d 3 dx
yeos' ) dx j YT ) cost 2 MI
[y dy = [3sec(2x) tan(2x) dx Al
2
y- 3
—=—sec2x (+c
=3 (+¢) MIAI
E=§sec 2z +c=>c=...(=95) dM1
2 2 6
y* =3sec2x+10 Al
()
Main method
2
MI1: For an attempt to separate the variables OR use of > n2 2x = sec2xtan2x
cos” 2x
For the attempt at separation of variables it is not necessary to have the integral signs but the dx and dy
must be present and in the correct positions (on at least one line)
dy sin2x dy J sin2x
E.g. ycos (2x =3sin2x —> |y d 3 dx —dx=
& ( )dx .[yy J cos’ _[y cos’ 2x
Condone a slip on the position (or omission) of the 3
. . in2
Al:  Correct separation of variables AND use of sz 2x = sec2xtan2x
cos” 2x
E.g. Iy dy = I3 sec(2x)tan(2x)dx o.e. with or without the integral signs
1

Note that Jg ydy= Isec(2x) tan(2x)dx is also correct
Ml1:  Correct attempted integration of the sec2xtan 2x to reach f(y) = arsec2x (+c¢) with or without the ¢
Al: Correct integration.

2
For example, y? = %sec 2x (+c) Accept with or without the ¢
2
Note that that »* =3sec2x (+c)and y? = sec2x (+c)are also examples of correct work.

dM1: Substitutesin y=4 and x = % into an integrated equation of the form f(y) = asec2x+ c and proceeds to

find c. It is dependent on the previous method mark. You may need to check calculations if the

271 X
substitution isn’t shown. You may see this attempted via [%} = [% sec2x }
. z

Al:  y>=3sec2x+10 or equivalent suchas y* = +10 but ISW after a correct answer.

cos2x
The answer is required to be in the form y* =

A score of 1,0,1,1,1,1 is possible for candidates who never have a dx and/or a dy when separating the
variables, but do everything else correctly.



Question

Number Scheme Marks
3ALT dy J' sin2x
cos” (2x 3sin2x —> d 3 dx —> dy = 3(cos2x)"
yeos® ( )dx [ydy= s [y dy =3(cos2x)
M1, Al
where n=-1 or -3
y 3 -1
—=Z=(cos2x) (+c) MI1A1
2 2
E=4+c:>c=...(=5)
2cos z
3 dM1
Y =—— 410 Al
cos2x

. o sin 2x
Alt versions will integrate 5

using substitution or reverse chain rule
cos” 2x

The key here is realising that the integral of this is (cos2x)" or u"where u = cos2x

sin2x

MI1: For an attempt to separate the variables OR use of Jgdx = (cos 2x)"
cos
) in2
For separation of variables look for example for ycos’ (Zx)d—y =3sin2x - I ydy= J?, sz Y dr.
dx cos” 2x

condoning a slip on the position (or omission) of the 3 and omission of the integral signs

. ) 2
Al:  Correct separation of variables AND use of Ism—xdx = (cos 2x) where n=—-1 or -3

cos” 2x

If the candidate sets u = cos2x it is for integrating J.gzdx to u" where n=-1 or -3
cos

sin 2x

MI1: Correct attempted integration of the J 4dx to reach f(y) = (+¢c) o.e with or without the ¢
cos’ 2x cos2x
2
Al: Correct integration. For example, Y _ S eos2 +c) o.e. Accept with or without the ¢
cos2x

2
Note that that y* = (+c)and y? = (cos 2x)_1 (+c)are also examples of correct work.

cos2x
dMI1: Substitutesin y=4 and x =% into an integrated equation of the form f(y) = 5 + ¢ o.e. and proceeds
cos2x
to find ¢. It is dependent on the previous method mark.
) 3 ) ) 3
Al: Yy = +10 or equivalent such as y~ = +10 but ISW after a correct answer.

cos 2x cos 2x
The answer is required to be in the form y* =

Also note that you may attempt using integration by parts. FYI .|.3 sin2xsec’ 2x dx = %sin 2xtan2x + %cos 2x

Ist Al: Correct separation of variables and J.3sin 2xsec” 2x dx = +Asin 2x tan 2x + k cos 2x A,k >0

20 M J.3sin2xsec2 2x dx = Asin2xtan2x £ kK cos 2x A, x>0

2nd AT J.3Si1’1 2xsec’ 2x dx = %sin2xtan2x+%c0s2x



Question
Number Scheme Marks
4(a) e.g. 5+17x—10x" = AQ2x +1)(1—x)+ Bx(2x +1) + Cx(1—x)
—A=.., B=.., C=... Ml
A=5B=4 C=8=f(x)="4 2 4 B AlAL
x (I-x) (2x+1)
3
J§+ 4 + 8 dr=5In|x|-4Inl-x|+4In2x+1| (+c) MI1A1ftA1
x (1-x) (2x+1)
[5In[x]~41In|l—x|+4In[2x+1[];
:(51n4—41n3+41n9)—(51n2—41n1+41n5):5ln2+4ln(%j dM1Al
C))
(8 marks)

(@)

MI1:

Al:

Al:

(b)

Ml:

Be aware that if they incorrectly find C, e.g. C = % , then

Sets 5+17x—10x" = A(2x +1)(1—x)+ Bx(2x+1)+ Cx(1—x) condoning slips on the coefficients of

5+17x—10x> only and finds values for 4, B and C. The right-hand side must be correct. Do not be
concerned how the values are formed, e.g. via substitution or simultaneous equations. Just look for a
suitable identity followed by values for 4, B and C.

Two (out of three) correct values of 4=5, B=4, C=8

which is also

4
Accept either 4=5, B=4,C=8 or é + + but condone 2 - + 8
x (I-x) (2x+1) x (x=1) (2x+1)

correct (but not in the form requested).

. . HS" H4H ||8H
Attempts to integrate their — +

+ .
x (I-x) (2x+1

Score for any one — — a/In|x| 4 — Bln|l—x]
X (I-x) (2x+1)

(Condone invisible modulus signs or invisible brackets if subsequent work implies them)
Condone f1n|l—x|— Sln|x—1| throughout (b)

— Sln|2x +1|

— zln(4x +2) s a correct follow through
(4x+2) 4

Alft: Two of 5In|x|-4In[l—x|+4In|2x+1| follow through their 4, B and C.

Al:

Allow use of brackets instead of modulus signs or allow further work to imply them.

5In|x|—4In[l1-x|+4In|2x +1| with or without the +c

Allow use of brackets instead of modulus signs or allow further work to imply them.



dM1: Substitutes in the limits, subtracts either way round and applies laws of logs correctly to achieve either an

3
pln2 termora gln— term.

It is dependent on the previous M and having integrated to a form « In |x| +p ln|1 - x| +0d1In |2x + 1|
or aIn|x|+ Bln|x—1|+ S In|2x +1|

This is most likely going to be scored via the In2 term.

The term in In2 must be found from aIln4 —aIn2 =alIn2 so the value of p and o must be the same

The term in In (%j must be found from SIn3+26In3-5In5

Condone calculations such as In(-3) —In(-5) = lnE
Al:  CSO: 51n2+41n(§j

It cannot be scored following incorrect integration. ISW after sight of this



Question
Number Scheme Marks
5(a) @:2(1—t)—(—1)(3+2t): 5 and d—y:—2t
de (1-1) (1-1)’ de
_1\2
dx 5 5
(_7a_3) B1
y+3=%(x+7) Ml
Al
5x—-4y+23=0
)
(b) 3tu__x-3
1-t¢ x+2 Ml
:1_(x—3j2 _ (x+2)2—(362—3)2 _ 10x—52 AMIAL
x+2 (x+2) (x+2)
x#-2 Bl
“4)
(9 marks)
Fyl  x=22_5 5
1—-t 1-t

(a) Note: A cartesian approach in (a) can score a maximum of 1 mark (the B1) as it does not satisfy
the demand of the question.
dy . dy dx
MIl1: Attempts to find — at ¢ =2by finding —+—.
dx dr dt

Condone slips when differentiating % and % but look for a minimum of

-+
dx = o=+ pB3+20) with a > 0 or equivalent using the product rule or division and chain rule

de (1-1)°
] d_y =twt
dt
_r ) dy dx . D .
e Substitution of # =2into o + % which may have been simplified incorrectly. Note that a
~2t(1-1)’
simplified d = #
dx 5
. . uv'—vu'
Note that using the quotient rule the wrong way around would be M0
4 . . ) 5
Al: 3 following M1. It may be implied by a normal gradient of 2

B1: (-7, —3) which may be implied from terms within an attempt at the equation of the normal



MI1: Attempts to find the equation of the normal at P. They must be using the negative reciprocal of their % at

t =2 with their point P . It is dependent on having found % from (their ((11—yj + (their ;ﬂj Condone poor
t t

attempts at % and % or what they believe are % and % $00,0, 1,1, 0 is possible. Condone one sign

slip when using their coordinate of P. e.g(—7, —3) = (7, —3)
If the form y = mx + ¢ is used the method must proceed as faras ¢ = ...

Al:  5x—4y+23=0 or any integer multiple with terms on one side of an equation. The order of the terms is not
important. ISW after sight of a correct answer in a correct form

Other more complicated methods do exist so look carefully at what is attempted. For example, candidates could

find & at ¢ =2by finding dx + Y and use the value of & as the gradient of the normal.
dy dr dt dy
(b)
Ml1: Attempts to rearrange the parametric equation for x to make ¢ the subject. Expect to see cross multiplying
(or equivalent) and collection of terms with ¢ = % where f(x) and g(x) are linear functions in x.
g(x

dMI1: Substitutes their expression for ¢ in terms for x into the parametric equation for y and attempts to
manipulate the right-hand side into a single fraction. It is dependent on the previous method mark.

£(x) J _(g@)’ ~(f(x))’

For example, look for y =1 —(

g(x) (g(x))
Al p=20x0S
(x + 2)
B1: x #—2 or k =-2 but must follow correct work. E.g. Sight of (x + 2) o.e. on the denominator of either the

expression for ¢ or the expression for y.

Other more complicated methods do exist but are unlikely to lead to any success. If you see a solution that you feel
deserves credit please send to review and alert your TL.

3+21—-y
I-yl-y
until they make /1 — y the subject (in terms of just x) which reverts to the original method

For example, if they start with # = /1 — y and then write down x = the first M mark will not be scored



Question
Number Scheme Marks
6(a) Attempts  +((5i+2j+k)—(i+2j-3k))=+(4i+4k) Ml
<A . <A . Al
e.g. r=i+2j-3k+A(4i+4Kk) or r =5i+2j+k+ A(4i+4Kk) oe
— (2)
(b) AC =2i+(a—2)j+8k Bl
|4B|= V4> +4” or [4C| =2 + (@ -2)" +8’ M1
‘ZS‘:@ and |AC| =68+ (@~ 2)’ K
8+32
cos45° =
J32 x,[68 +(a —2) dM1
cos45° = 40 =a’ —4a-28=0 ddM1
32 x,/68+ (a - 2)
a=2+42 Al
(6)
(8 marks)
Allow vectors to be written in any acceptable form. E.g. column vectors are fine
(2)

MI1: Attempts to find the difference between the two vectors.
If no method is shown look for two correct components from i(4i), (0j), + (4k)
Al:  Any correct equation for the line in the form given.

Examples of correct equations are;
r=i+2j-3k+A(4i+4k), r =5i+2j+1k + (i +k)

5 —4 2 2 3 -1
r=[2+A 0|, r=| 2|+k|0landr=| 2|+ O
1 —4 -2 2 -1 -1

Note that the LHS must be correct so / =i+ 2j—3k + A(4i +4k)is A0
Condone the vectors not being bold or underlined

5i —4i
Condone incorrect vector notation for the M but not the A mark. E.g. r =| 2j [+ 4| 0 |[is M1AO
k -4k

B(5.2.D)

AL2,-3)

C(3.e.5)




(b) There are many ways to attempt this question.
The following is via the scalar product of AB and AC. Note that it could be attempted via the
scalar product of i(li + lk) and AC instead of AB and AC. Attempts using an incorrect vector

pair, e.g AB and B—C, can only score a maximum of 1 mark (1° M1)
Condone incorrect vector notation throughout (b). E.g. AC = (2i, (a —2)j, Sk)
Bl:  Acorrect AC =2i+(a—2)j+8k (or CA=-2i—(a—2)j—8k)
It must be simplified but may be implied by further work.
Allow in coordinate form (2, & —2, 8) if used correctly

MI1: Attempts to find the magnitude of either their AB or their AC
For example, for an attempt at the magnitude of AC

e there should be attempt to subtract each component of 04 and OC
e the three resulting values should then be squared and added
e the answer to this is then square rooted

If the method is not apparent then look for two correct components

Al:  Correct magnitude of both ‘E‘ = \/3_2 and ‘E‘ =68+ (a—2)° (: N12-4a+a’ )

They must be simplified (as above) but can be scored following sign slips on either vector.
You can imply this mark from further work

dM1: Attempts the scalar product of +'4B'and +'AC"

e +ABand +AC must be attempted via a correct method. If the method is not directly seen it may
be implied by two correct components

e There must be a similar correct attempt at the magnitudes of +4Band +AC
e All should be connected by the equation +4B o+ AC = ‘iﬁ”iﬁ‘cos 45

ddM1: Allowable method to find at least one value of « from a quadratic equation.
For example,

o (05—2)2 =NV=a=..

o &’—4a-W=0=>a=..
This can only be awarded if the equation has real roots.
It is dependent upon both previous M’s

Al: ao=2+ 4\/5 or exact equivalent

Note: Alternative method via cosine rule
Bl: AC=2i+(a—-2)j+8k (or CA=-2i—(a—2)j—8k ) May be implied by further work.

MIl1: Attempts to find the magnitude of either AB or AC
Al: |4B|=+32 and [AC|= 68+ (a-2)? (= J712-4a+d )

dM1: Attempts |BC|" =|4B[" +|AC|" —2|4B||AC]|cos 45

FYI (22 +(a-2) +42)=(22+(oc—2)2+82)+(42+42)—2\/(22+(a—2)2+42)‘/(42+42)xg

ddM1: Rearranges and proceeds to at least one value for « . This can only be awarded if the equation is quadratic
and has real roots

Al: a=2+ 4\/5 or exact equivalent




Question
Number Scheme Marks
7(a) du )
u=tanx - —=sec” x Bl
dx
3
u’ =tan’ x =sec’ x—1 - u+u2 - x ! ~ du Ml1dM1
S+u’)y 1+4u
u
——5 du ” Al*
J 5+u’)
(C))
(b) u 1 1
—— du=—=-G+u’) +c=——(5+tan’ x) " (+c
J T 7 6Fu) L )" (+¢) MIALI
2
(6 marks)
(a)
du ) ) dx )
B1l: —=sec” x or exact equivalent seen or used. For example, — = —-1s correct
dx du 1+u
M1:  Attempts to use +1+tan” x =sec’ xin a correct place at least once. Implied by use of sec’® x = +1+u’

dM1:

Al*:

(b)
Mi1:

Al:

Fully substitutes u =tan x proceeding to an integral in terms of u only.
It is dependent upon the previous M

(4 +sec’x)’ 4+1+u’)

Condone a lack of an integral sign. You may never see the integral in terms of x. (It is in the question)

3 3
+ - .
Look for (J fanx+tan x dx] — J _ure f(u) du seen on at least one line

Proceeds with no errors in the body of their proof to J ﬁ du including the du .
+u

The dx’s and du’s must be present and correct for their stage of working throughout the proof.

) ) u _n .
Attempts to integrate an expression of the form J m du — A(k +u’)™"" where 4 is a constant and
+u

nzl,neN

1 1
_Z(S +tan® x)~ +c or equivalent e.g. —2(4 +sec’ x) +c . (condone omission of +c)

This must be in terms of x and you can ISW after sight of a correct answer.



Question
Number Scheme Marks
8(a) i N e
=42 1+= M1
N4+ x ( j
_hy_to
x)2 1\ x 2 2 x\’ Ml
1+ =14+ —=|| = |+ +
2 )\ 4 21 4
1.1 .3 -, AlAl
2 16~ 256
“4)
(b) 1 1 2
2 16 256 Blft
@
(©) 1 v 3 1,1t 3 -~ 1.1
2 16~ 256 2 16~ 256 4 128 MIAL
(#))
(d) LXL_uln_i_nLn_uﬁu
5 B 4 128 128 M1
"%"x 3= % (see alt (d) for alternative answer) dMI1ALI
3
Alt(d) LXL—"l"-’-"L"—"ﬁ"
5 3 4 128 128 M1
1 x\/E:\/Ez"ﬁ"j 135:3\/Ez3x15x"£":@ dM1A1
JI5 15 15 128 128 128
(10 marks)

(a) It is scored B, M, A, A on epen. We are scoring it M, M, A, A

1
. 1 L
M1: Takes out a factor of 4 proceeding to 4 2 (1 + %j ’ o.e such as %x (1 + 2} ’

M1: Attempts the binomial expansion.

Look for the correct binomial coefficient for the third term with the correct power of x. So, award for

or

T

2!

lloo | w

X x=2 where ... could even be 1. If there is no intermediate working it is

implied by the correct coefficient of %xz in the expansion of (1 + fj " or %xz in the expansion of

1

(4+x) 2

1 1
Al:  Two correct and simplified of 5——x+ix2 +... S01,0,1, 0is possi

16 256
T I 1 3 5
Al:  All three correct and simplified of ———x+—x"+
2 16 256

ble




Accept as a list. Condone any extra terms even if incorrect

Direct expansion: (4+x) 2=4724 x4 2x+ X4 2x +..=———x+—x" +..
2 16 256

1
MIl1: For a constant term of 4 2 or 5

M1:  For a correct third term which may be un-simplified

It is implied if they get % x” for the term in x*

Al:  Two correct and simplified of 1 —ix + i G
2 16 256
1 1 3
Al:  All three correct and simplified of ———x+——x" +..
16 256

Accept as a list. Condone any extra terms even if incorrect

(b)
1 . .

Bl1ft: For a correct answer 5 + Ex + 215633 +... which can be scored following a restart.

Allow as a list. Condone any extra terms even if incorrect.

Or follow through on their (a) a — fBx+ x> +... where a, 3,5 are positive to (b) o + fx +x” +

Answers must be seen in (b).
(©

1 1 3 L)1 1 3 ., . .
MI1: Attempts to multiply out the correct | ———x+——x" || —+—x+——x" | or follow through using their
2 16 256 2 16 256

answers to parts (a) and (b) and attempts to collect terms. It must be an attempt on

(a — Bx+Ox° ) X (a + fx+0x ) where a, 5,6 are positive leading to o + xx” . Condone extra terms

where the index is greater than 2, such as a term in x*

1 1 -
= -3 1

Alternatively, attempts the expansion (16 — x2) 2=16"2 (1 — %xzj ’ leading to 7 +xcx’

Al: i+ éxz ONLY Any extra terms would be A0. Condone = for ~

(d)  This cannot be scored from made up values of a and b.

MI1: Substitutes x =1 into both sides of their part (c) to achieve =" "

J’J’_4 128

dMI1: Uses the fact that /135 =3x+/15 and finds a rational approximation for /13

Method 1: 1 nln+nivv:>£=nln+nivv:>\/ﬁz£nln+n 1 '|'x 45
[ B4 128 15 4 128 4 128
Method 2: _Xlznlu vavv:LGlu_'_nLu: 135 :;
54 128 s 4 128 ( [ )
4 128

The method marks M1, dM1 may be implied, e.g. by the calculation ("%‘4 "%'j'x 45 without sight of +/135

Al:  Either 128 (or 11&) or 1485
11 128

(or 115 ) (or accept both if found)



?\E;it;(e)? Scheme Marks
9a) 3 Ly
(V)Iﬂj‘ (cosx+—e’“j dx B1
. 5
2
(cosx+%e"j :coszx+§excosx+ie2x M1
:—COS2X+1+zexcosx+Lez" dM1
2 5 25
(1 cos2x 2 1
=7Z'J (—+ +—e“‘cosx+—e2xjdx Al
272 25
4
(b) Way I Way Two
J'ex cosx dx = te* sinxiJ.e" sin x dx Jex cosx dx =¢" cosxije)C sin x dx M1
:e”sinx—jexsinxdx :e"cosx+J.e"sinxdx Al
J-e"cosxdx:ex cosxiexsinx—jexcosxdx
dM1
ZJex cosx dx=e"cosxte’sinx
1 )
Iex cosxdxzaex (cosx +sinx)+(c) Al
4
(©) 4
ﬁj (l+coszx+zexcosx+Le“jdx
A2 2 s 25
=(7) lx+Sinzx+g(lex(sinx+cosx)j+Lez" 4
2 4 502 50 |, MIALft
27 2+@+z(le4 (sin(4)+cos(4))j+ieg 1 M1
4 5\2 50 50
—awrt 290 (cm’) Al
&)
(12 marks)
(a)

4 2
: : T 1
Bl: A correct expression for the volume including limits and dx E.g. 72-“ (cosx + ge)‘j dx

0
The correct limits may be implied by subsequent work. It can be awarded from a correct final answer (as it
is not a given answer). Don’t be concerned by the non- appearance of a V. Condone it being termed ‘Area’

2
) 1 .
M1:  Attempts to multiply out (cos x+s exJ leading to cos® x+...e" cosx*...e>"

dM1: Uses the identity cos2x==2cos’ x+1. Dependent upon previous M

4
1
—+C052x+ze" cosx+ie“ dx
2 2 5 25

Al:  Fully correct ﬂj

0



For this final mark
e condone either a missing dx or limits (but not both) if the candidate has already lost the B mark for
the same reason
e condone missing limits if they have already appeared within an expression for the volume
anywhere in part (a)

(b) Condone lack of dx’s throughout part (b).
If you see other methods that you feel deserve credit, and you cannot apply the scheme, then please send
to review.

M1: Attempts integration by parts. Be generous unless they explicitly state the rule is jvdu =uv+ j udv

Score for Way One J.e" cosx dx =fe*sinx =+ J.e" sin x dx
Or Way TwoJ.e" cosx dx =¢” cosxiJ.e" sin x dx

Al:  Correct intermediate form
Score for Way One.[ex cosx dx =¢"sinx — je" sin x dx

Or Way TWOJ-GX cosx dx =¢” cosx+J‘e" sin x dx

dM1: Attempts integration by parts a second time. It is dependent upon having scored the previous M.
Score for J.e“‘ cosx dxr=e" cosxte” sinx—je" cosx dx

AND rearranges to 2_[ e'cosx dr=e"cosxte sinx

1 .
Al:  CSO Ie" cosx dx = Ee" (cosx+sinx)+c o.e. condone lack of +c and the dx

Withold this mark if there is incorrect or unexplained working within the proof

(c)

MI1: Attempts to integrate their (a) condoning transcription errors on coefficients achieving

ax+ Bsin2x+ y (”%e‘* (cosx +sin x)"j +8e¢* where a, 3, y and § are constants following through on their

attempted integration of e* cos x
They must have an attempted integration for part (b), which may be incorrect, which is then used in (c).

Alft: (ﬁ)(lirszx+2(lex(cosx+sinx)]+ie“j
512 50

2 4

Condone the absence of 7 and follow through their coefficients 4, B, C and D from (a). The integration
from part (¢) must be correct.

4
So, look for .[o (A + Bcos2x+ Ce* Cosx—i-Dezx)dx - (Ax+§sin2x+€(%ex (cosx+sinx)j+§ez“J

dM1: This requires
e the limits 4 and 0 must be substituted into an expression of the form

ax +bsin2x + ce* (cos x £ sinx)+de™" either way around and subtracted. This may be implied by a

decimal answer which you may need to check.
o the answer to the above multiplied by 27z (An appreciation that the shape consists of two solids)

Al:  awrt 290 cm® (condone lack of units).
If they have correct integration, correct limits followed by awrt 290, the last two marks can be awarded.
Note that an answer of 460 is achieved when candidates are working in degrees and scores the method
mark but not the accuracy mark.



Question

Number Scheme Marks
10
Assume there is an angle x, 90° < x <180°, cos 2)‘6 >1 Bl
cos x—sinx
cos2x  (cosx+sinx)(co fix) M1

cosx—sinx c =sin x

. ) ) ) dM1
| cos x +sin x | >1= (cosx+smx)2 >1=1+42sinxcosx >1=sin2x >0
Al*
This is a contradiction, as sin « is negative for all angles 180° <o <360° ,
hence true *
(4 marks)

Condone strict inequalities for the first 3 marks in this question
B1:  Sets up the argument.
It requires
e words like ‘assume there is an angle x’ or ‘let there be an angle x’, condoning ‘for all angles x’
e the domain ‘90° < x <180°’

I cos?2 cos?2
e the contradiction x >1 but condone x >1
Cosx —sin x COS X —sin x
e cos2x .
MI1: Uses the double angle formula for cos 2x and simplifies —— to (cosx +sin x)
COSX —sinx

It may be scored when prematurely removing the modulus before proceeding to (cos X +sin x) >1

dM1: Squares ‘(cosx +sin x)‘ 21 and uses suitable identities in proceeding to sin2x > 0, condoning sin2x > 0

It must be in a form in which the contradiction can easily be proven

Al:  Deduces contradiction from opening statement and concludes. May consider the signs of
sin x and cos x in the given range and deduce that the product is negative leading to the contradiction of the
original assumption. Withold this mark if the modulus signs are not correctly dealt with. This mark is
withheld for using strict inequalities

There will be many alternative approaches so you will need to look at what they have done to see if there is any
credit worthy work. If in doubt please use review.

Alternative using R-alpha method
B1 Ml: As above

dM1: Proceeds to the form ‘ J2 cos(x—45°)|>1 with the modulus seen

Alternatively, to the form ‘ J2 sin (x+45°) | > 1 with the modulus seen

Al*: Considers x €(90°,180°) = (x —45°) e (45°,135°)

1 . : .
< —= which means that ‘ 2 cos(x -45 °) < 1so meaning that the given

D

Deduces that ‘cos (x—45°)

statement is true.

Alternatively



1 )
< — which means

NG

Considers x € (90°,180°) = (x +45°) € (135°,225°) and deduces that | sin (x +45°)

that ‘ J2 sin (x+45°)

< 1so meaning that the given statement is true

Alternative that proceeds via an identity in cos2x and sin2x

M1: Squares cos 2x > 1and uses suitable identities leading to an inequality in sin2xand cos2x

cosx—sinx

. 2 .
cos’ 2x > (cosx —sinx) = cos’ 2x>1—-sin2x

dM1: Then uses Pythagoras identity = 1—sin” 2x>>1—sin 2x = sin 2x>> sin” 2x
AT*: As 90° < x <180°, = 180° < 2x <360° and sin2x < 0 => sin 2x> 1 which is impossible and therefore you
have a contradiction and the original statement is true

Alternative using logic for the last two marks
dM1 Attempts to explain the contradiction by referencing the domain 90° < x <180°and corresponding range of
values of (say) sin x, cos x. Must involve the modulus in their explanation or have squared previously.

Stating that "0 <sinx <1 and —1 <cos x <0 for 90° < x <180°", followed by

" so | sin x + cos x | <1" would be a minimal but acceptable argument for dM1.

Then the A1* is given for a completely rigorous explanation (plus conclusion)
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