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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.

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



EDEXCEL GCE 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:
e 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)
e Marks should not be subdivided.
3. Abbreviations
These are some of the traditional marking abbreviations that will appear in the mark
schemes.
e bod - benefit of doubt
e ft - follow through
e 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

isw — ignore subsequent working

awrt — answers which round to

SC: special case

0.e. — 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.
aef “any equivalent form”

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.

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:
o If all but one attempt is crossed out, mark the attempt which is NOT crossed out.
o 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 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+0), where|pg| =|c[, leading to x=...
(ax® +bx +c¢) = (mx+ p)(nx+q), where|pg| =|c| and |mn| =|a] , leading to X =...

2. Formula

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

3. Completing the square

2
Solving x* +bx+c=0: (xigj +q+c=0, q=#0, leadingto 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.



Question
Number

Scheme Notes

Marks

1.(a)

J@-9x)=(4- 9x)2—()[1—9—x] 2[1-%2 @org

see notes

:{2}{1{ j(kx)+( DD oy s }

M1 Alft

-6 ()22

see notes

=2 1—gx—ﬂx2 +...
8 128

isw

Al; Al

[5]

(b)

E.g. For 10+/3.1 (can be implied by later
working) and x = 0.1 (or uses x = 0.1)

Note: «/(100)(3.1) by itself is BO

/310 = 104/3.1=10./(4 —9(0.1)), so x =0.1

Bl

9 81 Substitutes their x, where |x‘ < g
When x:O.la/ 4-9x) = 2——(0.1) — —(0.)° +

( 4( ) 64( ) into all three terms of their

binomial expansion

M1

= 2-0.225 - 0.01265625 = 1.76234375

So, /310 ~17.6234375 = 17.623 (3 dp) 17.623 cao

Al cao

Note: the calculator value of /310 is 17.60681686... which is 17.607 to 3 decimal places

[3]

8 marks

Question 1 Notes

1.(a)

1

B1 | (4)2 or 2 outside brackets or 2 as candidate’s constant term in their binomial expansion

1
Expands ( + kx)5 to give any 2 terms out of 3 terms simplified or un-simplified,

E.g. 1+[ j(kx) or (%J(kx)+( )(3)

where k is a numerical value and Where k=1

M1

(k) or 1+.. +()( l)(kx)

()(=2)

A1ft | A correct simplified or un-simplified 1+( j(kx)+

(kx)? expansion with consistent (kx)

Note

(kx), k #1must be consistent (on the RHS, not necessarlly on the LHS) in their expansion

()(=2
2!

Note | Award BlMlAOforZ[ (2]( )

( 4] + ... ] because (kx) is not consistent

BEH( 9x?)

Note | Incorrect bracketing: 2 1+[ j( ]
o : { 7)) T )

} is BIM21AO unless recovered

Al | 2- %x (simplified fractions) or allow 2 -2.25x or 2 - Z%x

81 ,

Al | Acceptonly -—x*° or
PO =54

17
—1=—x® or -1.265625x2
64




Question 1 Notes Continued

1(':t§ja) SC If a candidate would otherwise score 2" A0, 3" AOQ (i.e. scores AOAO in the final two marks to (a))
then allow Special Case 2" A1 for either
SC: 2 1—gx;... or SC: 2 1+...—ﬂx2+... or SC: 4 l—gx—ﬂx +..
8 128 8 128
or SC:[A—QE:I —%xz +.. } (where A can be 1 or omitted), where each term in the [ ..... }
is a simplified fraction or a decimal,
18 162
OR SC: for 2 - Ex - @x +... (i.e. for not simplifying their correct coefficients)
1
Note | Candidates who write 2 1+[ ][ ] ()= )[ng +... |, Where k = 9 and not 9
2)\ 4 2! 4 4 4
. 9 8l , .
and achieve 2 + Zx; - ax + ... will get BIM1A1A0AL
Note | Ignore extra terms beyond the term in x*
Note | You can ignore subsequent working following a correct answer
1)(—1 2
Note | Allow BIM1A1 for 2|1+ L)% +L 9 +...
2 4 2! 4
1)(_1 2
Note | Allow BIM1A1A1A1 for 2|1+ Ly +(2)( ) 9% —— Z—gx - gx2+ .
2 4 21 (4 4 64
. 9 81 )
(b) Note | Give B1 M1 for 4310 ~ 10| 2 _Z(O'l) - a(o.l)
Note | Other alternative suitable values for x for /310 ~ 3[4 — 9(their x)
b X Estimate b X Estimate
7 - ﬁ 17.479 14 E 18.256
147 294
8 3 17.599 15 118 18.555
32 405
9 4 17.607 16 119 18.899
729 384
10 1 17.623 17 94 19.283
10 289
11 S8 17.690 18 493 19.701
363 1458
12 133 17.819 19 126 20.150
648 361
13 122 18.009 20 43 20.625
507 120
Note | Apply the scheme in the same way for their £ and their x
9(133) 81(133Y
E.g. Give BLM1ALfor /310 ~ 12| 2 - 2| == | - == =2 | | = 17.819 (3d
g ( (648) 64(648} J (3.dp)
Note | Allow B1 M1 Al for /310 ~ 100(2 - %(0.441) - %(O 441) j = 76.161 (3 dp)
Note | Give B1 M1 A0 for /310 ~ 10(2 - %(O 1) - 2}1(0 1)2 ;ig (0.1) ) = 17.609 (3 dp)




Question 1 Notes Continued

1. (b) Note | Send to review using £ =+/155 and x =§ (which gives 17.897 (3 dp))
Note | Send to review using S =+/1000 and x = 0.41 (which gives 27.346 (3 dp))
1. (a) | Alternative method 1: Candidates can apply an alternative form of the binomial expansion
Alt 1l 1 1 ( )( 1)
{(4 “ox2 = (@2 +(2)@ 290+ DED (42 gy
1
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 -2.25x or 2- Z%X
Al | Acceptonly —ﬁx2 or —1£ x> or -1.265625x"
64 64
Note | The terms in C need to be evaluated.
1 11 1 1 3
So 2C,(4)2 +2C,(4) 2(=9x);+2C,(4) 2(-9x)* without further working is BOMOAO
1
1.(@) | Alternative Method 2: Maclaurin Expansion f(x) = (4 —9x)2

3
1”'(><):—%1(4—9X)_2 Correct fit(x) | B1
1
1 1 +a(4-9x) 2; az+l | Ml
f'(x)=-(4-9x) *(-9) 1 1
2 E(4—9x) 2(-9) | Al oe
9 81
f(0)=2 ,f'(0)=-> and f"(0) = ——=
{ ©=2,70)=- ad 'O 32}
So, f(x) = Z-gx - §x2+ Al; Al

4

64







Question

Number Scheme Notes Marks
2. x> +xy+)y° -4x-5y+1=0
% dy dy dy M1A1
=y 22X+ | Y+ X— | +2y—-4-5—=0 —
(@) {)gs( ) T Y ix  — Bl
2x+y—4+(x+2y—5)j—y=0 dM1
X
2x+y -4 4 - 2x -
d_y= 7y or - o.e. | Al cso
dx 5-x-2y x+2y-5
[5]
(b) {d—y=0:>} 2x+y-4=0 M1
dx
{y=4-2x =} X*+x(4-2x) + (4-2x)* —4x—5(4-2x) +1=0 dm1
x*+4x-2x" +16-16x + 4x> - 4x-20+10x+1=0
gives 3x*-6x -3 =0 or 3x*-6x=3 or x*’-2x-1=0 Correct 3TQ in terms of x | Al
2 _ _ Method mark for
(x-1)°-1-1=0 and x=... solving a 3TQ in ddM1
x=1+\/§, 1—\/5 x=1+\/§, 1—\/§0nly Al
[5]
(b) dy _ 4
Alt 1 dX—0:> 2X+y-4=0 M1
2
o] (T [y o
2 2 2 2
2 2
16-8y+y |, [4y—y +y?—2(4-y)-5y+1=0
2 2
gives 3y°-12y -12 =0 or 3y*-12y=12 or y* -4y -4=0 Correct 3TQ interms of y | Al
(y-2)?-4-4=0 and y=... i
Solvesa3TQiny
X = 4-(2+242) X = 4-(2-242) and finds at least one value for x ddM1
2 2
x=1+\/§, 1—\/5 x:1+\/§, 1—\/§0nly Al
[5]
10
@) %x 2x%+ yd—x+x +2y—4d—x—5:0 M1Al
Alt1 Y dy dy dy - Bl
dx
x+2y—5+(2x+y—4)d—=0 dM1
y
d 2x+y -4 4 -2x -
Yo ) Al o.e. | Al cso
dx 5-x-2y x+2y-5

[5]




Question 2 Notes

Differentiates implicitly to include either xd—y or y*— 2yd—y or -5y — —5d—y.
dx dx dx
2.(a) M1 q
[Ignore Y- j
dx
2 2 _ dy dy _
Al x*—>2x and y° -4x-5y+1=0 >2y—-4-5—=0
dx dx
Bl xy—>y+ xd—y
dx
Note | If an extra term appears then award 1% AQ
d d
Note 2x+y+xd—y+2yd—y—4—5—y — 2x+y—4=—x—y—2yd—y+5d—y
dx dx dx dx dr dx
will get 1%t Al (implied) as the " =0" can be implied the rearrangement of their equation.
dM1 | dependent on the previous M mark
An attempt to factorise out all the terms in j_y as long as there are at least two terms in j_y
X X
Al 2x+y -4 or 4-2x-y
S5-x-2y x+2y-5
cso | If the candidate’s solution is not completely correct, then do not give the final A mark
(b) M1 | Sets the numerator of their j_y equal to zero (or the denominator of their j—x equal to zero) o.e.
X y
Note | This mark can also be gained by setting j—yequal to zero in their differentiated equation from (a)
X
Note | If the numerator involves one variable only then only the 1% M1 mark is possible in part (b).
dM1 | dependent on the previous M mark
Substitutes their x or their y (from their numerator = 0) into the printed equation to give an equation
in one variable only
Al | For obtaining the correct 3TQ. E.g.: either 3x* —6x—3{=0} or —3x* +6x+3{=0}
Note | This mark can also be awarded for a correct 3 term equation. E.g. either 3x? - 6x = 3
x*-2x-1=0 or x*=2x+1 areall fine for Al
ddM1 | dependent on the previous 2 M marks
See page 6: Method mark for solving THEIR 3-term quadratic in one variable
Quadratic Equation to solve: 3x*-6x -3=0
6 +(-6)° - 4(3)(-3)
Way1l: x=
2(3)
Way2: x*—-2x-1=0=(x-1)*>-1-1=0 = x=...
Way 3: Or writes down at least one exact correct x-root (or one correct x-root to 2 dp) from
their quadratic equation. This is usually found on their calculator.
Way 4: (Only allowed if their 3TQ can be factorised)
e (X*+bx+c)=(x+ p)(x+0),where | pg|=c|, leadingto x=...
e (ax® +bx+c)=(mx+ p)(nx+q),where | pg|=c| and |[mn|=a, leadingto x=...
Note | If a candidate applies the alternative method then they also need to use their x = 4_Ty
to find at least one value for x in order to gain the final M mark.
Al | Exactvalues of x=1++/2, 1—+2 (or1++2) ,cao Apply isw if y-values are also found.
Note | Itis possible for a candidate who does not achieve full marks in part (a), (but has a correct

numerator for g_y ) to gain all 5 marks in part (b)
X




Question 2 Notes

2. (a) M1 | Differentiates implicitly to include either yd—x or x* - ZX% or — 4x—>—4%. Ignore dx
Alt 1 dy dy dy dy
Al x2—>2x% and y* —4x -5y +1=0 —>2y—4%—5=0
dy dy
dx
B1 Xy = y— + X
dy
Note | If an extra term appears then award 1% AQ
dx dx dx dx dx ,dx
Note | 2X—+yY—+X+2y—-4—-5 > X+2y-5=-2X—-y—+4—
dy “dy dy dy “dy dy
will get 13 Al (implied) as the " =0" can be implied the rearrangement of their equation.
dM1 | dependent on the previous M mark
An attempt to factorise out all the terms in % as long as there are at least two terms in j_x
y y
Al | dy 2x+y-4 or dy 4-2x-y
dx 5-x-2y dx x+2y-5
cso | If the candidate’s solution is not completely correct, then do not give the final A mark
@) Note | Writing down from no working
o W_2xiy-d A A2V s M1 ALBLML AL
dx 5-x-2y dx x+2y-5
o WAz y o WY _2XHY 24 e M1 A0 BL ML AO
dx 5-x-2y dx x+2y-5
Note | Writing 2xdx+ ydx + xdy + 2ydy — 4dx — 5dy =0 scores M1 A1 Bl







Question

Scheme Notes Marks
Number
3 (i 13-4« _ A B _ C
0| 013~ @xaD) | @xe1? | (x43)
At leastone of B=6 or C=1
(a) B=6,C=1 B1
Both B=6 and C=1 | B1
13—-4x = A2x +1)(x+3) + B(x+3) + C(2x+1)* Writes on
_ _ _ rites down a correct identity
X=-3=25=25C =C~=1 and attempts to find the value of | M1
Xz_ljlg__2=§|3 —15=25B = B=6 either one of Aor B or C
2 2
Either x*:0=24+4C, constant:13=34+ 3B+ C,
x:-4=74A+B+4C or x=0=>13=3A+3B+C Using a correct identity
leadingto 4=-2 tofind 4=-2 | a1
[4]
(b) 13—24x “« = -2 N 6 _ 1 dx
2x+D)°(x+3) 2x+1) (2x+D)° (x+3)
3 a See notes | M1
= D naxsny + OBHD T ke 3) L4 ¢ :
2 (-1D(2) At least two terms correctly integrated | Alft
0.e. Correct answer, o.e. Simplified or un-
_ B a simplified. The correct answer must be
{==In@2x+1) - 3(2x+1) " + In(x+3) {+ c}} <tated on one line | AL
Ignore the absence of ‘+ C’
[3]
(ii) {(e'* +1)° :} ™ +3e™ +3e" +1 ™ +3e? + 3" +1, simplified or un-simplified | B1
At least 3 examples (see notes) M1
1 3 of correct ft integration
X 3 _ = 3x ~ 2X X
{J-(e +1) dx}_3e +2e +3e" +x{+c} 1e3"+§e2x+3ex+x,
3 2 Al
simplified or un-simplified with or without
+c
3]
1 3
(iii) —dx, x>0; u'=x
4x+5x®
du dx du 1 -2
u?’—=1lor — =3y’ or —==x 3
3u23—”:1 o du 0T de 3" |BL
" or 3u’du =dx o.e.
. +ku?
Expression of the form 3 {du},
1 aud 3u g 4u” +5u M1
= Bu“du <= u
4u° +5u 4u% +5 _ _ . k=0
Does not have to include integral sign or du
Can be implied by later working
_ §In(4u2 +5) {+ ¢} dependerzlt on the_prewous M mark dM1
8 +4In(4u” +5); A is a constant; 4 =0
2
= gln(4x3 + SJ {+c} Correct answer in x with or without+ ¢ | A1l
[4]

14




Question 3 Notes

3. (iii) | Alternative method 1 for part (iii)
Alt 1 Attempts to multiply numerator and M1
denominator by X
X3 -3
“. I dx} = J. — dx Expression of the form ikzx dx, k=0
4x +5x3 4x3 +5 4x® +5 M1
Does not have to include integral sign or du
Can be implied by later working
2 + g : i ; dm1
_ §In 4x° +5 | {+ ¢} +AIn(4x +5),_ A |s_a const:?mt, A#0
8 Correct answer in x with or without+ ¢ | Al
[4]
3. (1) (@) M1 | Writes down a correct identity (although this can be implied) and attempts to find the value of
at least one of either A or B or C. This can be achieved by either substituting values into their
identity or comparing coefficients.
Note | The correct partial fraction from no working scores BIB1IM1A1
. P 0 -1
. At least 2 of either =+ —> +DIn(2x+1) or £ DIn(x+4%) or * —>+E(2x+1
e | ML @+ (@x+1) Oced) o 2 e 7 EE@D
or
+ — * FIn(x + 3) for their constants P, Q, R.
(x+3)
Alft | At least two terms from any of + or * Lz or +——— correctly integrated.
(2x+1) (2x+1) (x+3)
Note | Can be un-simplified for the A1ft mark.
-2 2x+1)™ N o
Al | Correct answer of %In(Zx +1) + % +In(x +3) {+ c} simplified or un-simplified.
with or without ‘+ C’.
. . X+3 3
Allow final Al for equivalent answers, e.g. In - {+c}or
2x+1) 2x+1
Note 2X+6 3
In c
[2x+1) 2x+1{ }
Note | Beware that = —In(x+3) {+ c} is correct integration
( x+1) (x+ 1)
Note | E.g. Allow M1 Alft Al for a correct un-simplified In(x +3)—In(x+3) —2(x+3)* {+ c}
Note | Condone 1% Alft for poor bracketing, but do not allow poor bracketing for the final Al
E.g. Give final A0 for —In2x+1—3(2x+1)" + Inx+3 {+ ¢} unless recovered
(ii) Note | Give B1 for an un-simplified e* +2e** +e** +2e* +e* +1
M1 | At least 3 of either ae® — 26 or be? — ~e? or ge' —> de’or U= ux;a, B, 6, 1#0
Note | Give Al for an un-simplified 3e e 4 ;e +2e* +e* + x, with or without +c¢
+
(iii) Note | 1% M1 can be implied by J.4_2k25{du}, k = 0. Does not have to include integral sign or du
uc+
+
Note | Condone 1%t M1 for expressions of the form ( £ - j{du} k=0
4u° +5u U
Note | Give 2" MO for Ei—uln(4u2 +5) {+ ¢} (u’s not cancelled) unless recovered in later working
u
Not E.g. Give 2" MO for integration leading to %u In(4u® +5) as this is not in the form
ote

+11In(4u® +5)




Note

2

Condone 2™ M1 for poor bracketing, but do not allow poor bracketing for the final Al

E.g. Give final AO for gln 4x3 +5 {+c}unless recovered

Question

Scheme Notes Marks
Number
3- (”) X 3 . _ X d_U_ X
Alt 1 J.(e +1)°dx; u=e"+1 = dx =e
u’ 2 1 ) 1 ‘
= du = u+u+l+—|du u+u+l+— |{du} where u=e*+1 | B1
u-1 u-1 u-1
L1 At least 3 of either au? —> Zu® or pu —>gu2
=§u3+§u2+u+ln(u—1){+c} 1 3 M1
or 6 — 8u or —1—>/1In(u—1);a, B0, A#0
u_
1 X 3 1 X 2 X X
=§(e +1) +§(e +1)°+(*+1)+In(e* +1-1) {+c}
1 X 3 1 X 2 X
g(e +1) +§(e +1)°+ (" +1)+x
1 X 3 1 X 2 X
1 1 oré(e +1) +§(e +D)°+e* +Xx
= X 13 = (pX 12 X 1 Al
3@ D E AT ) xdred simplified or un-simplified with or without
+C
Note: In(e* +1-1) needs to
be simplified to x for this mark
[3]
3. (ii) XL e « _ du_
Alt 2 I(e +1)°dx; u=e* = o =e
13
{: J‘%du :} J‘(u2+3u +3+Jj du J-(u2+3u +3+lj{du} where u =e¢* B1
u
1. 3 At least 3 of either o’ —>%u3 or Bu —>gu2
=-u¥+>u’+3u+Inu{+c} a M1
or s >ouor ——Alnu; a, f,8,2#0
u
1 3 %83)( +§e2x +3ex +X,
=§e3x+zezx+3ex+x{+ c} Al

simplified or un-simplified with or without + ¢

Note: In(e”) needs to be simplified to x for this mark

[3]







Question

Scheme Notes Marks
Number
4 L—tan30:>r—htan30 :>r—l or r——3h
(@) 0 NE 3
or h —tan60 = r = r— h oF I = —3h Correct use of trigonometry
r tan 60 3 3 to find r in terms of h M1
] or correct use of Pythagoras
or _r :_L:”:M — _h or r:_sh to find r?in terms of h?
sin30  sin60 sin60 3 3
or h*+r’=(2r)> = r? =%h2
1 .3 1.3
1 1 h Y 1 Correct proof of V =§7rh orV =§h V4
{Vz—m’zh :>}V=—7Z‘[—j h=V==zh®* 1 1 Al *
8 33 9 Or shows §7rh3 or 5h37z with some
reference to V = in their solution
[2]
(b) av _
Way 1 dt 200
v_1 zh? 17rh20.e. B1
dh 3 3
Either v dh
dv dh dV either | their — | x— =200
. — =200 dh ) dt
dh dt t M1
dh dv dv dh 1 dv
—+— = —=200x or 200 +| their —
{dt dt dh } dt 17h? ( dh j
When g g H
ependent on the previous M
h—15 dh _ 200 % 1 : {z 200 _ 600 } mark dm1
dt 17(15) 757 2257
adh = 8 (cms™) 8 Al cao
d 3p 3p
[4]
6
(b) d—V=200 :>V=200t+c:>lzzh3=200t+c
Way2 | dt 9
1 .
(% h jc(ij? 200 §7zh o.e. | Bl
asinWay 1l | M1
When g g o
ependent on the previous M
dt 17(15) 757 225r¢
d_h = i (Cm S'l) ﬁ Al cao
d 3p 30

[4]




Question 4 Notes

4. (a) Note | Allow M1 for writing down r =htan30
Note | Give MO AO for writing down r = % orr= % with no evidence of using trigonometry
on r and h or Pythagoras on r and h
Note | Give MO (unless recovered) for evidence of %ﬁrzh :%ﬁh3 leading to either r? = %hz
orr =—m/§ orr =L
J3
- - . - - - - - 1 2 3 2
(b) B1 | Correct simplified or un-simplified differentiation of V. E.g. §7rh or §7rh
Note i—\; does not have to be explicitly stated, but it should be clear that they are differentiating their
V
M1 their v x@=200 or 200 + theird—v
dh ) dt dh
dM1 | dependent on the previous M mark
Substitutes h=15 into an expression which is a result
of either 200 = (their d—Vj or 200 x —
dh (their §¢)
Al 8 (units are not required)
3p
Note | Give final AO for using v =-200 to give dh =- ﬁ unless recovered to dh = 8
dt dt 3 d 3«




Question

Scheme Notes Marks
Number
5. x=1+t-5sint, y=2—-4cost, —z <t < x; AK, 2), k>0, liesonC
T T
(@) {When y=2} 2=2—4005t:>t=—?§ Sets y =2 to find t
- - - and some evidence of using | M1
k(or x) = 1+E—55in(5] or k(orx)= 1—5—53in(——j their t to find x=...
{When == k>0,} so k=6-2 or 12-7 k (or x) =6-2 or 12-7 Al
2 2 2 2
[2]
dx dy N
At least one of — or — correct (Can be implied) | B1
dx _ dy . dt  dt
(b) d——l—SCOSt, — =4sint X q
! ! Both pr and d—i’ are correct (Can be implied) | B1
dy  4sint . dy .. . dx
dx _ 1—5cost Applies their pm divided by thelra and
. Vs . o . dy
4sin| —_ substitutes their t into their—= | M1
attz_f d_y:—2 =4} dx
2’ V4 Note: their t can lie outside -7z <t< «
1-5cos| —— )
2 for this mark
Correct straight line method for
o« y-2= _4[)( _ (6 _ZD an equation of a tangent where
2 m, (+ m,) is found using calculus M1
P T Note: their k (or x) must
° 2=(-4) 6—5 +C = y=-4x+2+4 6_5 be in terms of  and correct
bracketing must be used or implied
dependent on all previous
{y—-2=-4x+24-2r =} y=-4x+26-2rx marks in part (b) | Al cso
y=—-4x+26-2x
(p=-4, q=26-27) [5]
7
Question 5 Notes
5.(a) Note | M1 can be implied by either x or k = 6—% or awrt 4.43 or xor k = 2—4 or awrt —2.43
Note | Ananswer of 4.429... without reference to a correct exact answer is A0
Note | M1 can be earned in part (a) by working in degrees
Note | Give MO for not substituting their t back intox. E.g. 2=2-4cost =t = —% =k= —%
Note | If two values for k are found, they must identify the correct answer for Al
Note Condone M1 for 2=2-4cost =t = _Z, T o x=1-Z_s5sin| Z
2 2 2 2
(b) Note | The 1% M mark may be implied by their value for %
X
dy 4sint
e.g. ——=————, followed by an answer of —4 (from t=-Z%) or 4 (from t=1%)
dx 1-5cost

dy dy_d_y;dx

Note | Give 1% MO for applying their 3—: divided by their Eeven if they stated—
X

dt dt

2" M1 e applies y —2 = (their m,)(x — (their k)),
e applies 2 = (their m,)(their k) + c leading to y = (their m,)x + (their c)
where k must be in terms of 7 and m; (= m,) is a numerical value found using calculus
Note | Correct bracketing must be used for 2" M1, but this mark can be implied by later working




Question 5 Notes Continued

5. (b)

Note | The final A mark is dependent on all previous marks in part (b) being scored.
This is because the correct answer can follow from an incorrect dy
Note | The first 3 marks can be gained by using degrees in part (b)
Note Condone mixing a correct t with an incorrect x or an incorrect t with a correct x for the M
marks
Note | Allow final Al for any answer in the form y = px+q
E.g. Allow final Al for y=—-4x+26—-27, y=—-4Xx+ 2+4(6—%) or
y= _4X+(52—47rj
Note | Do not apply isw in part (b). So, an incorrect answer following from a correct answer is AQ
Note | Donotallow y=2(-2x+13—7x) for Al
Note y=—4x+26-2x followed by y=2(-2x+13— ) is condoned for final Al




ﬁﬂ?:g:rn Scheme Notes Marks
2
6. ﬂ: y2 ;—l<x<1;y=2 atx:—z
dx 3cos“2x 2 2 8
Separates variables as shown
1 1 Can be implied by
—dy= dx . .
I y? Y j 3cos? 2x a correct attempt at integration B1
Ignore the integral signs
I—dy I sec? 2x dx
ié—)iE A B=0 | M1
y y
1 1(tan2x
__:_( ]{Jrc} +Atan2x | M1
y 30U 2
1 _l(tanZXJ AL
y 30U 2
1 1 . Use of x=—-2 and y=2inan
——=—tan 2[——) +C i 8_ . M1
2 6 8 integrated equation containing a
constant of integration, e.g. ¢
1 1
——=-=+C>>C=—-=
2 3
— 1 — ltanZX_l — W
y 6 6
y__—l or y—L or y—M —E<X<1 Al
ittan2x—1 2 —tan 2x —1+2cot2x 2 2 o€
[6]
6
Question 6 Notes
6 B1 Separates variables as shown. dy and dxshould be in the correct positions, though this mark
can
be implied by later working. Ignore the integral signs. The number “3” may appear on either
side.

E.g. j—dy Isec 2x dx or I—dy I ! dx are fine for B1
cos’ 2x

Note | Allow e.g. J‘ 1 dy “Ldx = J.%sec2 2x dx for B1 or condone _“_2 = Igsecz 2x for Bl
y

Note | B1 can be |mpI|ed by correct integration of both sides

M1 ié—)iE; A B=0
y y
M1 — or sec’2x — £ Atan2x; 1#0
CoS” 2X
Al N %(tan ZXJ with or without '+c¢'. E.g. —Eztan 2X
y y

M1 | Evidence of using both x = —%and y =2 in an integrated or changed equation containing ¢

Note | This mark can be implied by the correct value of ¢
Note | You may need to use your calculator to check that they have satisfied the final M mark

Note | Condone using X =% instead of x = -2

6 . .
=———— or Yy=——— or any equivalent correct answer in the form y=f(x
Al ¢ stan2x—3 y 2—tan2x yed y=t(x)

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




Question 6 Notes Continued

2
Note | Writing dy =y—2 = gy :ly2 sec’ 2x leading to e.g.
dx  3cos® 2x dx 3

o y= % y? (%tan 2xj gets 2" MO for +Atan2x

. u=ly2, yzsecz 2x:>d—u=gy, v=Ltan2x gets 2 MO for +Atan2x
3 dx dx 3 2

because the variables have not been separated




%llfr?ltl;gr Scheme Notes Marks
-3 4 9 9+4u 9+2u) | Let 0= size of angle
7. OA=| 7|,AB=|-6|,OP=| 1[;0Q=|1-6x |or OQ=|1-3u PAB. A, Blieon |,
2 2 8 8+2u 8+ u and P lieson |,
a —_— —_— _— —_— —_—
@) {OB=OA+ AB :} Attempts to add OA to AB | M1
-3 4 1 1
OB=| 7|+|-6|=|1|=B(@l14) @,1,4) or| 1|lori+j+4k | A1
2 2 4 4
Note: M1 can be implied by at least 2 correct components for B [2]
9 -3 12 -12 .
(b) AP-=0P-0OA=| 11-| 71=l-6lor PA=| 6 Anattempt to find AP | .,
8 2 5 6 or PA
5 Applies dot product
1 4 formula between their
—6 || -6 AB ar DA
o (AP or PA) | yi1
{cose AP-AB AN d(ﬁ ﬁ)
S = an or ora
| AP|| AB| 12)° +(=6)” + (6)> ./ (4)* + (-6)" + (2)°
\/( )y +07+(6) \/( 07+ () multiple of these vectors
4
cos@: :>cose J21 —— or =21 | A1
{ J216 /56 } o1 21
3]
© oS0 — 4 —sing V21 J5 105 A correct method for converting an exact ML
J21 \/_ ,\/_ 21 value for cosq to an exact value for sing
1 f \/_ E see notes | M1
Area PAB == \/216 =12 =124/5
e 2( \/_ 125 | Alcao
[3]
9 4 9 ) p+Ad or p+ud, p#0,d=0 with
either p=9i+j+8k or d=4i—6j+2k | M1
(@) | {lipr=| 1j+u-6jorr=1\+u -3 or d=multiple of 2i—3j+k
8 2 8 1 .
Correct vector equation | Al
[2]
9+4u 1 8+4u -8—-4u . L L
— S Applies their OQ — their OB
( | BQ=|1-6u|-| 1| 1=| -6u |l 1QB=| 6pu PP h_f R Vi
8+2u 4 442, _4-2y or theirOB — their OQ
8+4u) (12 [
BOAP=0= | —6u | -6|=0= u= Appllli's BQ-AtF_’ =E[), ?.ea and Isolvfes the dM1
442 5 resulting equation to find a value for x
5 120 5
:>96+48,u+36,u+24+12,u:0:>96,u+120:0:>,uz—z ,u——% or :_Z Al o.e.
0.+ 4(-1.25) A Substitutes their value of x into OQ | ddM1
0Q =|1-6(-1.25) |=|85 |= Q(4, 8.5, 5.5) 4
8+2(-1.25) 55 (4,85,55) or|85|or 4i+85j+55k | Alo.e.
55
[5]
15




Ol Scheme Notes Marks
Number
-3 4 9 9+4u 9+2u) | Let 0= size of angle
7. OA=| 7|,AB=|-6|,0P=| 1[;0Q=|1-6x |or OQ=|1-3u PAB. A, Blieon |,
2 2 8 8+2u 8+ u and P lieson |,
9+2u 1 8+2u -8-2u . L L
A(ﬁ)l BG - 134 |- 1] 1=| -3 QB - 3 App|IeStheI-l‘3(?— the-lrgB. M1
8+ 11 4 4+ —4—y or their OB — their OQ
8+2u)( 12 .
BGAP=0= | —3u || -6|=0= u=.. Appllﬁé BQ-AI: =(t), ]:)_.ec;| and |SOIerS the dM1
4+ 1 6 resulting equation to find a value for u
5 5
:>96+24y+18y+24+6y=0:>48y+120=0:>y:—E yz—E Al oe.
9+ 2(-25) 4 Substitutes their value of x into OQ | ddM1
0Q=|1-3(-25) |=|85|= Q(4,85,55) 4
8+1(—2.5) 55 (4, 8.5, 5.5) or|85]or 4i+8.5j+5.5k Alo.e.
55
[5]
(b) Vector Cross Product: Use this scheme if a vector cross product method is being applied
Alt 1 9 -3 12 -12 R
AP=0P-0OA=| 1|-| 71=l-6lor PA=| 6 Anattempt to find AP | .,
8 5 6 _6 or PA
12 4 i J k
d,xd,=| -6 |x| -6 |=4[12 -6 6| = 24i+0j-48k
6 2 4 -6 2
Applies vector cross product formula
_ 24 + (0)2 + (—48)? between their ( AP or PA)and
o J@47 + 0y + (48) (APor PAJand |
JA2)? +(=6)* +(6)°\(4) + (~6) + (2)* (AB or BA)
or a multiple of these vectors
/2880 5 16 4 4 4 4
sing = i coshl= |— = — or —+f21 — or —21 | A1
{ ~ J216/56 J_ 21 { j 21 J21 2 210 21
3]
(b) Cosine Rule
Alt 2 9 -3 12 -12
AP=0OP-OA=| 1|-| 7|=|-6| or PA=| 6 An attempt to find AP or PA | M1
8 2 6 -6
Note: |PA|= /216, |AB|=/56 and [PB|=+/B0
(o YN Applies the cosine rule
(\/%) _( 216) +(\/%) 2( 216)(\/%)%59 the correct way round dM1
S0 216+56-80 192
2216 F 2216 \/56
4
= €056} = — or —ﬁ 2 or _\F Al

[3]




Question 7 Notes

7. (b) Note | If no “subtraction” seen, you can award 1% M1 for 2 out of 3 correct components of the difference
Note | For dM1 the dot product formula can be applied as
12 4
J(12)? +(~6) +(6)2.\[(4)* +(~6) + (2)* cosO = | —6 |+ —6
6 2
Note | Evaluation of the dot product for 12i —6j +6k & 2i—3j+k is not required for the dM1 mark
. 4
Al | For either or —ﬁ 1 or cosf =—— or —f
J21 Jﬁ
. .. .. . 24+18+6 48 4 4
Using 12i —6j+6k & 2i—3j+k gives coséd = or —+/21
Note g 121-6) 1K 9 21614 fﬁ 21
. - . . 4+3+1 8
Note | Using 2i—j+k & 2i-3j+k gives cosd = or —F
J6:fiz 22 Q
. - . 4 4
Note | Give M1IM1AQ for finding @ =awrt 29.2 without reference to cosé = — or —+/21
2%
Note | Condone taking the dot product between vectors the wrong way round for the M1 dM1 marks
Note | Vectors the wrong way round
. — — . 4 4
e E.g. taking the dot product between PA and AB to give cos@ = ———— or ——+/21
g g p g NG 1
with no other working is final A0
. — — . 4 4
e E.g.taking the dot product between PA and AB to give cos@ = ———— or ——+/21
g g p g NG 1
followed by cosé = 4 or 4 21 or just simply writing 4 or 4 21is final Al
210 21 J21 21
Note | In part (b), give MOdMO for finding and using AP = OP — AB = (5i + 7j + 6k)
2
(© Note | Give 1%t MO for sin@:sin(cosl[d'z—\/f_lD or sinezl—(%x/ﬁj unless recovered

M1 | Give 2" M1 for either
o %(their length AP)(their length AB)(their attempt at sin 8)
o %(their length AP)(their length AB)sin(their 29.2° from part (b))
o %(their length AP)(their length AB)sin@; where cos@ =... in part (b)
Note %(\/216)(ﬁ)sin(awrt 29.2° or awrt 150.8°) {= awrt 26.8} without reference to finding sin &
as an exact value if MO M1 AO
Note | Anything that rounds to 26.8 without reference to finding sin@ as an exact value is MO M1 A0
Note | Anything that rounds to 26.8 without reference to 12+/5 is A0
Note | If they use AP =OP — AB = (5i +7j+6k) in part (b), then this can be followed through in part (c)
for the 2@ M mark as e.g. %(«/110)(ﬁ)sin49
Note | Finding 12+/5 in part (c) is M1 dM1 AL, even if there is little or no evidence of finding an exact

value for sind. So %(sz)(ﬁ)sin(zg.zf’) =125 is M1 dM1 Al




Question 7 Notes Continued

7. (d) Note | Writing r=... or I, =... or I =... or Line 2 = ... is not required for the M mark
9 4 9 2 9
Al | Writingr=| 1|+ ul-6|orr=| 1|+pu/-3|orr=| 1|+ ud,
8 2 8 1 8
where d =a multiple of 2i—3j+k
Note | Writing r=... or I, =... or I =... or Line 2 = ... is required for the A mark
9 13 5 13 4
Note | Othervalid p=| 1| areeg. p=| =5|or p=|7|. Sor=| =5|+ | -6 | isM1Al
8 10 6 10 2
9 4 9 4
Note | Give AO forwriting I, :| 1 |+ x| —6| orans= | 1 |+ x| —6 | unless recovered
8 2 8 2
Note | Using scalar parameter A or other scalar parameters (e.g. g or s or t) is fine for M1 and/or Al
(e) ddM1 | Substitutes their value of x into OQ, where OQ = their equation for l,
Note | If they use AP =OP — AB = (5i+7j+6Kk) in part (b), then this can be followed through in part ()
for the 2" M mark and the 3" M mark
Note | You imply the final M mark in part (e) for at least 2 correctly followed through components for Q
from their u
?\Ilfje;gg? Scheme Notes Marks
7.(c) | Vector Cross Product: Use this scheme if a vector cross product method is being applied
Altl 12 4 i j k
APxAB=| —6 |x| -6 |={[12 -6 6| = 24i+0j—48k
6 2 4 -6 2
L Uses a vector product and \/("24")2 +("0")? +("—48")? | M1
Area PAB = —«f(24)2 +(—48)° 1
2 Uses a vector product and E\/(“24")2 +("0")% +("—48"? | M1
=125 125 | Al cao
3]
7-(©) | Note: cosAPB= —— or 2430 Note: [PA|= 216 and |PB|= B0
Alt 2 \/% "
. 30-25 5 \/5 A correct method for converting an exact
Sin6 = J30 \/@ 6 value for cosqg to an exact value for sing M1

AreaPAB:%(\/m)(x/%)(ﬁl{ 12J_(J£_j}:12£

%(their PA)(their PB)sing | M1

3

o

125 | Al cao

3]




Question

Scheme Notes Marks
Number
8. (a) . . . .
IXCOS4XdX +axsin4x+ S | sin4x {dx}, with or without M1
:%xsin4x—J'%sin4x {dx} dx; @, 0
1 . 1. . .
Zx5|n4x—jZS|n4x {dx}, with or without dx Al
Can be simplified or un-simplified
1 . 1 . .
_ %xsin4x+%cos4x s szm4x+Ecos4x 0.e. with or without +c Al
Can be simplified or un-simplified
Note: You can ignore subsequent working following on from a correct solution [3]
b : (Vxsin2x) {dx}
4 V4 Xsin2x X
V\/(ay)/ 1| v ﬂIA(ﬁsin 2x)2{dx} Bl
0 Ignore limits and dx. Can be implied
, For writing down a correct equation linking
Xsin® 2xdx = . .
sin“2x and cos4x (e.g. cos4x=1-2sin” 2x)

1— cos4x and some attempt at applying this equation (or a manipulation | M1
I (Tj {dx} of this equation which can be incorrect) to their integral
Can be implied.

1-cos4x

Simplifies Ixsinz 2x {dx} to J.X(Tj {dx} | A1

{K%X‘%XCOS“X}’X} +AX + Bxsin4x+ Ccosdx; A B, C =0

4

==X —l(lxsin 4x+%cos4x){+c}

Integrates to give

which can be simplified or un-simplified. | M1
Note: Allow one transcription error
(on sin4x or cos4x) in the copying of

their answer from part (a) to part (b)

2\ 4

4(xﬁsin 2x)2 dx = F X2 —lxsin 4x—icos4x}
, 4" 8 32

ﬁ
4

0

l

i dependent on the
T (7). T 1 T 1
— | —=| = sin| 4] — | |- ==cos| 4| — — 1 0=0=—-cos0 . dM1
4j 8(4) ( (4)} 32 [ (4])} ( 32 ] previous M mark

see notes

7l 1 1 7l 1
64 32 32 64 16
21 21
So,V=rx ”—+— or i7r3+iﬂ or z ”—+— 0.e. two term Alo.e.
64 16 64 16 2132 8 exact answer
[6]
9
Question 8 Notes
SC Special Case for the 2" M and 3" M mark for those who use their answer from part (a)

You can apply the 2" M and 3@ M marks for integration of the form
+Ax? + (their answer to part (a))
where their answer to part (a) is in the form

e +Bxsinkx+Ccos px to give £Ax? + Bxsinkx + C cos px

e  +Bxsinkx+Csin px to give £Ax* £ Bxsinkx = Csin px

e +Bxcoskx+Csin px to give £Ax’ + Bxcoskx +Csin px

e +Bxcoskx+Ccos pxto give +Ax* + Bxcoskx + C cos px
k,p=0, k,pcanbel




Question Scheme Notes Marks
Number
V4 2
8. (b ¥ 2 7 | (\[xsin2x) {dx
Wa(y)Z {v=} ﬁj4(ﬁsin ZX) {dx} j( ) Lox Bl
0 Ignore limits and dx. Can be implied
For writing down a correct equation linking
«sin? 2xdx — sin?2x and cos4x (e.g. cos4x=1—2sin’2x)
and some attempt at applying this equation (or a | p11
1— cosdx manipulation of this equation which can be incorrect) to their
J‘X(T) {dx} integral.
Can be implied
Simplifies J.xsinz 2% {dx} to I x(%j o
Note: This mark can be implied for stating | Al
u=x and dv =w or u=lx and dv =1-c0s4x
dx 2 2 dx
= x(lx—lsin 4x} - (lx—lsin 4x} dx
2 8 2 8
Integrates to give
2 : . M1
:x(lx—lsin4xj B (Exz +icos4xj{+c} A £ Bxsin4x+Coosdx; AB,C#0 | ML
2 8 4 32 or an expression that can be simplified | epen)
to this form
N , L4
4(x/;sin 2x) dx = [Exz —lxsin 4x—icos4x}4
Jo 4 8 32 0
2 dependent on the
= l(zj —l(fjsin 4(£j —icos 4(£j - (0—0—icosoj previous M mark | dM1
4\ 4 8\ 4 4 32 4 32 see notes
7 1 ( 1 1
64 32 32) 64 16
7 1 1 5, 1 r(7* 1
So,V=x|—+—|0ofr —7n°+—xm or —| —+ =] 0.e. Al o.e.
64 16 64 16 2(32 8
[6]
Question 8 Notes Continued
8.(a) SC | Give Special Case M1AOAO for writing down the correct “by parts” formula and using
u=x, ? =c0s4x, but making only one error in the application of the correct formula
X
- - - 2 -
(b) Note | You canimply B1 for seeing ﬂj y*{dx}, followed by y? =(J§sm 2x) or y? =xsin’ 2x
Note If the form cos4x =cos? 2x —sin® 2x or cos4x =2cos? 2x —1 is used, the 1%t M cannot be
gained
until cos®2x has been replaced by cos? 2x =1—sin” 2xand the result is applied to their integral
Note | Mixing x's ande.g. 's:
Condone cos40 =1—2sin?26, sin®26 = % or Asin?26 = l(ﬁj
if recovered in their integration
Fli/?fl Complete method of applying limits of % and 0 to all terms of an expression of the form
+Ax? + Bxsin4x+Ccos4x; A,B,C =0 and subtracting the correct way round.
Note | For the final M1 mark in Way 1, allow one transcription error (on sin4x or cos4x) in the

copying of their answer from part (a) to part (b)




Question 8 Notes Continued

Evidence of a proper consideration of the limit of 0 on cos4x where applicable is needed for

8. (b) Note the
final M mark
E.g. x —lxsm4x—icos4x -
4 8 32 0
2
« = l(fj —l[z)sin 4(Zj _ L cos 4(Zj + L i final M1
4\ 4 8l 4 4 32 4 32
2
. E(fj —l(zjsin 4(zj —icos 4(zj —0 is final MO
414 8\ 4 4 32 4
2
. l[zj —l(zjsin 4(zj —icos 4[5] _1 is final MO (adding)
4\ 4 8l 4 4 32 4 32
2
. E(ZJ —E(zjsin 4(zj —icos 4(2] - (ij is final M1 (condone)
4\ 4 8l 4 4 32 4 32
2
° l(zj —1(£jsin 4(5] —icos 4(£j —(0+0+0) is final MO
41 4 8\ 4 4 32 4
8. (b) Note | Alternative Method:

u =sin? 2x dv =X u=x2 ﬂ:sin4x
dx dx
M _ 2sinax v=1x2 d—u=2x V=—=c0s4x
dx 2 dx

xsin? 2xdx

=%xzsin22x I X?(2sin 4x)dx

= Exzsin2 2X — Jx sin4xdx

=1xzsin22x —ixzcos4x 2X. —lcos4xjdx
2 4 4

=1xzsin22x ixz COS4X + = Ixcos4xdx]

= 1x2 sin? 2x +lx2 cos4x—l XC0s4xdx
2 4 2

=lxzsin22x +1x2cos4x—1 Exsin4x+icos4x {+c}
2 4 2\ 4 16

= 1x2 sin® 2x +1x2 cos4x—lxsin 4x—icos4x {+c}
4 8 32

&N

2 2
Vzﬂj (x/_SIHZX) dx= 7{”—+ij or 22+ La or E(”—Jr}] 0.e.
0

64 16 64 16 232 8
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