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(N;)uestion Scheme —
umber
1 (4-9%) = 2(1-%) a1
2
~2 1+i( XJ %<—%)(_9_xj %(—;)(—2)(_9_x -
1 4 1.2 4 1.2.3 4
22(1—2X—£X2——729 gt j
8 128 1024
=2—gxl—§xz,—7—zgx3+ Al Al Al
4 64 512
[5]

NI

1(_ 1(_1)(-3
Note The M1 is gained for %( )2 or w( )3

1.2.3
Special Case
If the candidate reaches = 2[1—g X —ﬂx2 _ 1 x>+ ... | and goes no further
8 128 1024

allow Al A0 A0
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(N?S;Ségn Scheme Marks
d d
2. ox+| 2xY 1oy |—eyP —o M1 (A1) Al
dx dx
dy .
d—:O = Xx+y=0 or equivalent M1
X
Eliminating either variable and solving for at least one value of x or y. M1
y>—2y*—-3y*+16=0 or the same equation in x
y=+2 or x=x2 | Al
(21_2)a (_21 2) Al
[7]
Note: d_y = ﬂ
dx 3y-x
Alternative
3y? —2xy —(X* +16)=0
2x++/(16x* +192)
y =
6
dy_1,.1_ &
dx 3~ 3'y(16x*+192) M1Al+Al
dy 8x [
—=0 > ——=+1
dx \/(16x2 +192) M1
64x> =16x" +192
X=%2 M1 Al
(2,-2),(-2, 2) Al
[7]
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Question

Number Scheme Marks
(@) 5x+3 A N B
3 (2x-3)(x+2) 2x-3 x+2
5x+3=A(x+2)+B(2x-3)
Substituting x =-2 or x =3 and obtaining A or B; or equating coefficients and M1
solving a pair of simultaneous equations to obtain A or B.
A=3,B=1 Al, Al
©)
If the cover-up rule is used, give M1 Al for the first of A or B found, Al for the
second.
5x+3 3
b dx==In(2x-3)+In(x+2
®) j(2x—3)(x+2) o "M(2x=3)+In(x+2) MLALR
6 3
[} =>In9+In2 M1 Al
2 2
=In54 cao | Al (5)
[8]

6666 Core C4
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Sﬂﬁ]sggn Scheme Marks
4. 1 - dx = ;@cosede Use of x=siné and %:cose_ M1
(1-x*) (1-sin®6)’ do L
1
= de M1 Al
j cos’ @
=J'sec26d6:tan0 M1 Al
Using the limits 0 and £ to evaluate integral M1
= 1 V3
tanf|' =— | =— cao | Al
[7]
Alternative for final M1 Al
Returning to the variable x and using the limits 0 and  to evaluate integral M1
% = i - ﬁ cao Al
V(1-x?) R 3

6666 Core C4
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Question

Number Scheme Marks
2X 1 2X 1 2x - . . . .
5 @) jxe dx:Exe —Eje dx Attempting parts in the right direction— M1 Al
_ 1 2X_£ 2X
Sxe”—Ze Al
1 1 1
2% 2% 2 |
{Exe -7e }0_4+Ze M1 Al
()
(b) x=04 = y=~0.89022
x=0.8 = y~396243 Botharerequiredto5d.p | Bl
1)
©  1~=x02x]..] B1
5% 0.
o ><[0+7.38906+2(O.29836+.89022+1.99207+3.96243)] M1 Alft
ft their answers to (b)
~0.1x21.67522
~ 2.168 cao | Al 4)
[10]

1,15
Note Z+Ze ~2.097 ...
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gﬂﬁ]s;gn Scheme Marks
6 (a) %:—Zcoseczt,i—zz%intcost both | M1 A1
dy —2sintcost . 3
——=———— (=-2sin’tcost
dx  cosec’t ( ) ML AL
(4)
(b) Att=2 x=2,y=1 bothxandy | B1
Substitutes t =Z into an attempt at (;_y to obtain gradient (—%) M1
X
Equation of tangent is y—lz—%(x—z) M1 Al
Accept x+2y =4 or any correct equivalent (4)
(c) Uses 1+ cot’t = cosec’t, or equivalent, to eliminate t M1
2
1+ (g) = 2 correctly eliminatest | Al
y
8
= cao | Al
Y= aix
The domainis x...0 Bl (4)
[12]
An alternative in (c)
sint=| 2 ; cost ~Xsint=2| Y
2 2 2\ 2
2
sint+cos’t=1 = L+ x¥-1 M1 A1l
2 4 2
8
Al

Leadingto y =
4+x
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Question

Number Scheme Marks
7. (a) k component 2441=-2 = A1=-1 M1 Al
Note u=2
Substituting their A (or ) into equation of line and obtaining B M1
B: (2, 2,-2) Accept vector forms | A1l
(4)
1 1
(b) ~1(|=+18; || -1]|=+2 both | B1
4 0
1 1
-1|-|-1|=1+1+0(=2) B1
4 0
coséd = 2 __1 a0 | M1Al
V1842 3
2 (4)
() AB=—i+j—4k=> ‘ﬁ‘ =18 or ‘ﬁ‘ =18 ignore direction of vector | M1
BC =3i-3j= ‘@‘2 =18 or ‘ﬁ‘ =18 ignore direction of vector | M1
Hence ‘ﬁ‘ = ‘@‘ % Al (3)
(d) OD = 6i - 2]+ 2k Allow first B1 for any two correct | B1B1
Accept column form or coordinates (2)
[13]
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Question

Number Scheme Marks
av . . . .
8. @ Y is the rate of increase of volume (with respect to time) B1
—kV : k is constant of proportionality and the negative shows decrease (or 10ss)
giving % =20-kV %k These Bs are to be awarded independently Bl
)
1 . .
b dv = |Lldt separating variables
(b) j V=] parating M1
—%In(ZO—kV)=t (+C) . | M1 A1
Using V =0,t =0 to evaluate the constant of integration — M1
c= 1 In20
k
t= 1 In ( 20
k (20-kV
Obtaining answer in the form V = A+ Be ™ — M1
20 20 20 &t
V=—-—e Accept —(1-e Al 6
S pt ~-(1-¢™) (6)
() % =20e™ Can be implied | M1
av kt 1
Ele,IzS = 10=20e = k:gln2z0.139 M1 Al
75
Att=10, V =12 awrt 108 | M1 A1 (5)
n
[13]
Alternative to (b)
Using printed answer and differentiating % =—kBe™ M1
Substituting into differential equation
—kBe™ =20-kA-kBe™ M1
A= % M1 Al
Using V =0,t =0 in printed answer to obtain A+B=0 M1
B= —% Al (6)
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Question Scheme Marks
Number
1. Differentiates M1
_ 6x+8y &2, AL
to obtain : .
....................... +(6x2+6y)=0 +(B1)
dy ~2-6x- 6y
dx 6x + 8y
Substitutes x = 1, y = — 2 into expression involving &, togive L =-2 M1, Al
Uses line equation with numerical ‘gradient’ y - (-2) = (their gradient)(x — 1) M1
or finds ¢ and uses y = (their gradient) x + "c"
Togive 5y+4x+6=0 (or equivalent = 0) A1V [7]
2. z z 3z z
(@) X 0 16 8 16 4
y 1 1.01959 | 1.08239 [1.20269 | 1.41421 M1 Al
(2)
M1 for one correct, Al for all correct
®) | ntegral = %x%x{1+1.4142+2(1.01959+...+1.20269)} MLALY
(: T x 9.02355j = 0.8859 Al cao
32 (3)
© Percentage error = apprgx8i—3i)£8137 x100 = 0.51 % (allow 0.5% to 0.54% for Al) | \1 A1 )

approx — In(1 +ﬁ)

In(L+4/2)

M1 gained for (%)

[7]
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Question Scheme Marks
Number
- . u? +1 M1
3. Uses substitution to obtain x = f(u) 2 ,
. du . M1
and to obtain ud— = const. or equiv.
X
3(u?+1 _ Al
Reaches J‘ﬁudu or equivalent
2u
, 3 M1
Simplifies integrand to j 3u° + EJ du or equiv.
; M1 ALY
Integrates to 2u” +3u
A1V dependent on all previous Ms
Uses new limits 3 and 1 substituting and subtracting (or returning to function of x M1
with old limits)
To give 16 Cso Al
8]

“By Parts”
Attempt at “ right direction” by parts

1 1
[ 3x(2x—1)2] _ {j3(2x—1)5 dx}] ML{MI1AL}

................ - (2x- 1)%

Uses limits 5 and 1 correctly; [42 — 26] 16
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Attempts V = 7le x*e*dx

X2 . . o
=7 > —j xe“*dx (M1 needs parts in the correct direction)
X 2 e 2X Xe 2 X e 2X . .
= 77[ 5 - 5 - j 5 dx ] (M1 needs second application of parts)

M1A1+ refers to candidates J‘xe2x dx, but dependent on prev. M1

2X 2 X

o xe* (xe e
=l _( 2 4j]

Substitutes limits 3 and 1 and subtracts to give... [dep. on second and third Ms]

=7z[173 e’ —%ez] or any correct exact equivalent.

[Omission of 7z loses first and last marks only]

M1

M1 Al

M1 A1V

Al cao

dM1

Al
8]
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Question Scheme Marks
Number
5. (@) | considers 3x% +16 = A(2+ X)? + B(1—3x)(2+ X) + C(1—3x)
and substitutes x = -2, orx=1/3, M1
or compares coefficients and solves simultaneous equations
ToobtainA=3, andC =4 AL AL
Compares coefficients or uses simultaneous equation to show B = 0. B1
(4)
() | Writes 3(1-3%)" +4(2+%)” M1
(M1, A1)
=3(1+3%,+9x° +27x° +.....) +
2 3
4 1 \2 1.2 2 123 2
=4+8X, +273x*+801x°+... AL AL
(7)
Or uses (3x*+16)(1-3x)"(2+x)° M1
2 2 3
(3x® +16) (1+3x,+9x°+27x°+) x (MLAL)x
(—2)@ (—2)(—3)(x)2 (—2)(—3)(—4)(ij
Ya(l+ — |+ - +——=| =
) 1 2 123 \2)) |M1AD
=4+8X, +273x* +801x° +... A1, Al
(7)

[11]
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6. (a) A=-4—>a=18, u=1-b=9 M1 A1, Al
3
8+4 1
(b) 12+ |e| 1|=0 M1
14-1) | -1
S 8+A+12+4-14+1=0 Al
Solves to obtain A (A=-2) dM1
Then substitutes value for A4 to give P at the point (6, 10, 16)  (any form) M1, Al (5)
© | oP = +/36+100+ 256 M1
(= +/392) =142 Al cao o
[10]
dv 2
—=A4zr Bl
7. (a) dr (1)
dr dv dr . _ 1000 M1,A1
(b) Uses —=———in any form, =— 5
dt  dt dv Arr?(2t+1) (2)
© v =[100002t+1) ‘dt andintegrateto p (2t+1)*,  =-500(2t+1)*(+c) M1, Al
Using V=0 when t=0to find c, (c =500, orequivalent) M1
Vo= 500(1—L) (any form) Al
2t+1 (4)
(d) (i) Substitute t =5 to give V, M1,
thenuse r=3 (ﬂj togiver, =4.77 M1, Al
A
3
(i) Substitutes t =5 and r = ‘their value’ into ‘their’ part (b) M1
ar_ 0.0289 (x2.90x10™%)(cmis) = AG Al
dt 2)

[12]
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(@)

(b)

()

Solves y=0 = cost=% to obtain t:% or 5?7[ (need both for Al)

Or substitutes both values of t and shows that y = 0

o =1-2cost
dt

5%
Area= _[ydx: j (1—2cost)(1—2cost)dt =
%

(1—2cost)’dt = AG

wly ‘..m‘g

Area = J1—4cost+4cosz tdt 3 terms

= Il— 4cost+2(cos2t+1)dt  (use of correct double angle formula)

jS—4cost+2c032tdt

[3t—4sint+sin 2t]

) . 5z T
Substitutes the two correct limits t= — and 5 and subtracts.

=47 +3\3

M1 Al

(2)

M1 Al

Bl
(3)

M1

M1

M1 Al

M1

A1A1
(7)

[12]
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Question

Number Scheme Marks

Differentiates implicitly to include either
dy dy dy M1

+ky — or +3—. (Ignore | — =|.

Y ax dx (9 (dx J)

Correct equation.

%%

x} 6x—4ydy+2—3d—y=0

dx dx Al

dy _ bxr2 not necessarily required
dx 4y+3 yreq '
Substituting x = 0 & y = 1 into an equation

At (0, 1), % = Zf =§ involving 3 | dmi;
XA to give 2or 22 | Al cso

_ ! ~ Uses m(T) to ‘correctly’ find m(N). Can be
Hence m(N) = —— or —
N) 2 2 ft from “their tangent gradient”. AL/ oe.
Either N: y-1=-Z(x-0) _ y—1=m(x—0).with
‘their tangent or normal gradient’; M1:

, ; or uses y =mx +1 with ‘their tangent or
or N: y=-4x+1 o

normal gradient’ ;
Correct equation in the form
N: 7x+2y—-2=0 ‘ax+by+c=0", | Al oe cso
where a, b and c are integers.

[7]

7 marks

dy 2 . , N :
Beware: &y_< does not necessarily imply the award of all the first four marks in this question.
X

So please ensure that you check candidates’ initial differentiation before awarding the first A1 mark.

Beware: The final accuracy mark is for completely correct solutions. If a candidate flukes the final line then
they must be awarded AOQ.

Beware: A candidate finding an m(T) = O can obtain Alft for m(N) = oo, but obtains MO if they write
y—1=oo(x—-0). Ifthey write, however, N: x =0, then can score M1.

Beware: A candidate finding an m(T) = o« can obtain Alft for m(N) = 0, and also obtains M1 if they write
y-1=0(x-0)ory=1.

Beware: The final cso refers to the whole question.

6666/01 Core Maths C4 2
June 2006 Advanced Subsidiary/Advanced Level in GCE Mathematics
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Question Scheme Marks
Number
Aliter
Differentiates implicitly to include either
dx dx dx M1
1. )&(XX ox 9% 4y+2d—x—3=0 ikxd— or izd—.(lgnore (d— :j.)
XX dy dy y y y Al
Correct equation.
Way 2
dx 4y +3 . .
d_y = Bx12 not necessarily required.
Substitutingx =0 & y = 1 into an
At(0,1), X _4+3_7 equation involving % ; | yv1:
dy 0+2 2 to give Z | Al cso
-1 Uses m(T) or < to ‘correctly’ find m(N).
Hence m(N) = oo = v _ AL/ oe
2 £ Can be ft using “~1.8". '
y —1=m(x—0)with
Either N: y-1=-7(x-0) ‘their tangent, % or normal gradient’;
L L M1;
or N y=—Ix+1 or uses y =mx +1 with ‘their tangent,
? g—;or normal gradient’ ;
Correct equation in the form
N: 7x+2y—-2=0 ‘ax+by+c=0", | Al oe cso
where a, b and c are integers.
7 marks

6666/01 Core Maths C4
June 2006 Advanced Subsidiary/Advanced Level in GCE Mathematics

3




PhysicsAndMathsTutor.com
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Question Scheme Marks
Number
Aliter
1. 2y° +3y-3x*-2x-5=0
Way 3
2 2
(Y+3) - =% +x+3
y =%+ x+8) -
d 1 B Differentiates using the chain rule; | M1;
—y=—(%+x+%)2(3x+l) : dy
dx 2 Correct expression for d_x Al oe
At (0, 1), Substituting x = 0 into an equation involving
dy _1(49)° _ 1(4)_2 & | dm1
dx 2\16 2\7) 7 to give 2 or 2 | Al cso
_ 7 Uses m(T) to ‘correctly’ find m(N).
Hence m(N) = 2 Can be ft from “their tangent gradient”. AL
Either N: y—-1=-2(x-0) . y—l:m(x—O).with
‘their tangent or normal gradient’; M1
. ) or uses y =mx +1 with ‘their tangent or
or N y=-2x+1 _
normal gradient’
N: 7x+2y—2=0 Correct equation in the form 'ax + by.+c =0', Al o6
where a, b and c are integers.
[7]
7 marks

6666/01 Core Maths C4

4
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edexcel

Question Scheme Marks
Number
Considers this identity | complete
and either substitutes
x=1 , equates | M1
2. (a) 3x-1=A(1-2x)+B T
coefficients or solves
simultaneous
equations
Let x=%; 2-1=B = B=1
Equate x terms; 3=-2A = A=-2 A=-3;B=1 | ALAl
(No working seen, but A and B correctly stated = award all
three marks. If one of A or B correctly stated give two out of [3]
the three marks available for this part.)
Moving powers to top
(b) f(x)=-3(1-2x)" + 1(1-2x)7 on any one of the two | M1
expressions
Either 1+ 2x or 1+ 4x
-1(-2 -1(-2)(-3 ) ,
= —%{1 +(—1)(—2X);+—( )Z(l )(—2X)2 , () 3|)( )(—Zx)3 + } from either firstor | ..
' . second expansions ’
respectively
Ignoring -2 and %,
+% 1+(—2)(—2X);+ (_2)(_3) (_2X)2 + (_2)(_3)(_4) (_2X)3 o any one correct Al
2! 3! — } expansion.
Both {.......... } correct. | Al
= —%{1+ 2+ 4x% +8X° + ..} + %{1+ A +12x° +32x° +...}
=—1-Xx;+0x* +4x® ~1-x; (0x*)+4x® | Al; Al
[6]
9 marks

Beware: In part (a) take care to spot that A =—-2 and B = 1 are the right way around.

2

Beware: In ePEN, make sure you aware the marks correctly in part (a). The first Al is for A= -3 and the
second Al isfor B = 1.

Beware: If a candidate uses a method of long division please escalate this to you team leader.

6666/01 Core Maths C4 5
June 2006 Advanced Subsidiary/Advanced Level in GCE Mathematics
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edexcel

Question Scheme Marks
Number
Aliter
2. (b) f(x)=(3x -1)(1-2x)? Moving power to top | M1
Way 2
1+(=2)(=2x) ; + EAE3) oy o 1£4%; | gy
- (3x _ 1) x 2! Ignoring (3x —1), correct
(_2)(;)&(_2@3 +... (correeenn. ) expansion | Al
=(Bx-D(L+4x+12x* +32x° +...)
—3x +12x% +36x% — 1— 4x — 12x% — 32x% + ... Correct expansion | Al
=-1-X;+0x* +4x° -1-x; (0x*)+4x> | A1l; Al
(6]
Aliter
2. (b) Maclaurin expansion
Way 3
= _3(1=2x) + 1(1=2x)? Bringing both
f(x) S(1-2x)" + 2(1-2x) DOWers to top M1
Differentiates to give
f'(x)= —3(1-2%)2 + 21~ 2x)"° a(l-2x) " + b(1-2x)7; X‘ll:
“3(1-2%)2 + 2(1-2x)3 oe
f'(x)= —12(1-2x)° +12(1-2x)™"*
f"(x)= - 72(1-2x)™* + 96(1-2x)"° Correct f"(x) and f"(x) | A1
< f(0)=-1,f(0)=—-1,f(0)=0 and f"(0) = 24
gives f(x) = —=1— x;+ Ox® + 4x° + ... -1-x; (0x*)+4x® | Al; Al
[6]
6666/01 Core Maths C4 6
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edexcel

Suestlon Scheme Marks
umber
Aliter
Moving powers to top
2.(b) | f(x)=-3(2-4x)" +1(1-2x)? on any one of the two | M1
expressions
Way 4
(2)—1 + (_1)(2)—2 (—4X);+ (_1)(_2) (2)—3 (—4X)2 Elthel’ %i X or 1+4x
__ 2! from either first or | ga1-
L D(E2)(=3) (2 (4x) + .. second expansions
31 respectively
Ignoring -3 and 3,
1 {1 F(—2)(2x):+ (-2)(=3) (—2x)? + (—2)(-3)(-4) (=2x)° +} any one correct AL
2! 3! — } expansion.
Both {......... } correct. | Al
= —3{%+ X+2X° + 4%+ + %{1+ Ax+12x° + 32 +..}
=-1-x;+0x% + 4x® -1-x; (0x*)+4x® | Al; Al
[6]
6666/01 Core Maths C4 7
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edexcel

Question Scheme Marks
Number
2n
3. (a) Area Shaded = J.3sin(§) dx
0
x Integrating 3sin(%) to give
sk grating 3sin(3) to g
=/ kcos(%) with k1. | M1
? ° Ignore limits.
- [—6003(%)]2” ~6cos(%) or 2cos(}) | AL ce.
=[-6(-D]-[-6(1)] = 6+ 6= 12 12 | Al cao
. _ 3]
(Answer of 12 with no working scores MOAOAO.)
i 2 ’ Use of V = Z dx
(b) | Volume =x I(3sin(§)) dx = QTcJ.sin2 (%) dx - nIy RV
0 0 Can be implied. Ignore limits.
. _ . L cosan Consideration of the Half Angle
[NB: cos2x =+1+2sin” X gives sin“ x = T] Formula for sin? (%) or the "
*
[NB : cosx =+1+2sin’ (%) gives sin’ (%) = 1“’%} Double Angle Formula
forsin® x
2n 1 i
- Volume = 9(r) J‘ —COSX dx Correct expression f(_)r Volume Al
2 Ignore limits and 7.
0
2n
9
= (n) J.(l—cosx) dx
2 . A
0
9(n) . Integrating to give tax+bsinX; | gepM1*;
= [x=sinx], Correct integration
k-kcosx — kx-ksinx | Al
_ 9—2“[(271—0) ~ (0-0)]
_ 9n B 2 Use of limits to give
= ?(271:) = 91 or 88.8264... either 9 2 or awrt 88.8 Al cso
Solution must be completely [6]
correct. No flukes allowed.
9 marks
6666/01 Core Maths C4 8

June 2006 Advanced Subsidiary/Advanced Level in GCE Mathematics
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edexcel

Question 3

Note: m is not needed for the middle four marks of question 3(b).

Beware: Owing to the symmetry of the curve between x = 0 and x = 2r candidates can find:
e Area= 2I3sin(§) dx in part (a).
0

T

e Volume= 2n J(Bsin(g))z dx

0

Beware: If a candidate gives the correct answer to part (b) with no working please escalate this response up
to your team leader.

6666/01 Core Maths C4 9
June 2006 Advanced Subsidiary/Advanced Level in GCE Mathematics
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Question Scheme Marks
Number
4. (a) X =sint, y:sin(t+%)
Attempt to differentiate both x and | \1
dx y X tt to give two terms |
=2 —cost, 2= cos(t+g) y wrt t to give two terms in cos
dt Correct &and & | Al
T[ Divides in correct way and
When t=—, substitutes for t to give any of the
6 four underlined oe: Al
dy cos(z+g) & 1 awrt 0.58 Ignore the double negative if
dx cos(g) INER B ' candidate has differentiated
: sin — —cos
When t=%  x :%, yzg The point (%, @) or(4, awrt 0.87) | g1
Finding an equation of a tangent
with their point and their tangent
Ty E L (x-1) gradient or finds ¢ and uses | dM1
' 2 3 2 y = (their gradient)x + "c".
Correct EXACT equation of | Al oe
tangent oe.
orT: [y:@x+§}
[6]
(b) y = sin(t+%) = SiNt COSZ + Costsin= Use of compound angle formula M1
for sine.
Nb: sin®t + cos’t=1 = cos’t=1-sin’t
_ _ 5 Use of trig identity to find costin
- x=sint gives cost=/(1-x*) S M1
terms of x or cOS“t in terms of x.
yzgsint + 2cost
Substitutes for
gives yzgx +% (1_X2) AG sint, cosZ, cost and sing to | Al cso
give y in terms of x.
[3]
9 marks
10
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Question Scheme Marks
Number
Aliter
4. (a) x=sint, y=sin(t+Z)=sint cosZ + costsinZ (Do not give this for part (b))
Way 2 Attempt to differentiate x and y
wrt t to give < in terms of cos ML
and 2 in the
formzacost + bsint
dx dy p e i
pra cost, pra cost cosg — sint sing Correct % and & Al
When t:g’ %: COS£COS¢ —nsingsing
X COS(g) Divides in correct way and
substitutes for t to give any of the | Al
e — awrt 0.58 four underlined oe:
N IE
The point (i ﬁ)
3 20 2
When t==, x=1, y=£ B1
2 2 or(4, awrt 0.87)
Finding an equation of a tangent
T v_B_ 1(x_1 with their point and their tangent
Y™7" % (X 2) gradient or finds ¢ and uses dm1
y = (their gradient)x + "c".
Correct EXACT equation of Al oe
tangent oe. | —
3 3 3 3
R
orT: [y:@x +§J
[6]
6666/01 Core Maths C4 11
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Question

Number Scheme Marks
Aliter
4. (a) y=5x+3,/(1-x)
Way 3 Attempt to differentiate two terms
dy 3 (1)1 - using the chain rule for the second | M1
B A N e (1—x ) (-2x) term.
dx 2 2 2 p Al
Correct ¢
Correct substitution of x =1
dy /3 (1)(1) b 1 2
=L =2 =1 2(1-(0.5)?) * (-2(0.5)) = — Al
dx 2 \2)l2 ( ) ( ) J3 into a correct g—y
X
When t==%, x=1, y=—3 The point (%, @) or(4, awrt 0.87) | g1
6 2 2 -
Finding an equation of a tangent
with their point and their tangent
Ty E L (x-1) gradient or finds ¢ and uses | dM1
2 3 2 y = (their gradient)x + "c".
Correct EXACT equation of | Al oe
tangent oe.
orT: [yzgx +§J
[6]
Aliter
4.(b) | x=sint gives y="Lsint + 1 /(1-sin’t) Substitutes X =sintinto the |\,
equation give iny.
Way 2
Nb: sin®t + cos’t=1 = cos’t=1- sin’t
Use of trig identity to deduce that
cost = (1—sin2 t) cost — (1—sin2 t) M1
gives y =§sint + 2cost
H _sint . tsinz = sin(ts = Using the compound angle
ence y =sint cosZ + costsinZ = sin(t+%) formula to prove y =sin(t+ ) Al cso
[3]
9 marks
6666/01 Core Maths C4 12
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Question

Number Scheme Marks
5.(a) |Equatingi; 0=6+A = A=-6 A=-6|Bl=d
Can be implied
Using A = -6 and
o For inserting their stated A into
equatingj; a=19+4(-6)=-5 either a correct j or k component | M1= d
Can be implied.
equatingk ; b=-1-2(-6)=11 a=-5and b=11| A1
[3]
With no working...
... only one of a or b stated correctly gains the
first 2 marks.
... both a and b stated correctly gains 3 marks.
(b) | OP=(6+1)i +(19+4%)j + (-1-20)k
direction vectororl; =d =i + 4) — 2k
OF LI OP ed =0 Allow this statement for M1
[ ] = _—
8=y ifOP and d are defined as above.
6+A 1
ie. 19+4) | | 4 =0 (or X + 4y —_27 = 0) Allow elther of these two M1
- underlined statements
-1-2) -2
SoB6+A+4(19+40) —2(-1-20) = 0 Correct equation | Al oe
6+A+76+16L +2+41L =0 Attempt to solve the equation in A | dM1
21 +84=0 = A=-4 A=-4 Al
— Substitutes their A into an
OP = (6—4)i +(19+4(-4))j + (—1— 2(-4))k _ — | M1
expression for OP
OP=2i +3j + 7k 2i +3) +7k or P(2,3,7) | Al
[6]

Note: A similar method may be used by using OP = (0O+1)i +(-5+4r)j +(11-21)k and d =i+ 4j — 2k
OPed =0 vyields 6+ + 4(-5+4)) —2(11-2%) = 0
This simplifiesto 21L -42=0 = A =2.
OP=(0+2)i +(-5+4(2)j + (11-2(2))k

OP=2i +3j + 7k

6666/01 Core Maths C4 13
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Question

Number Scheme Marks
Aliter
(b) | OP=(6+1)i +(19+4%)j + (-1-2))k
Way 2
AP =(6+A1-0)i +(19+4Ar+5)j + (-1-2r-11)k
direction vectororl; =d =i + 4j — 2k
Allow this statement
AP L OP = APeOP =0 for M1 if AP and OP
are defined as above.
6+A 6+A
ie. | 24+4) | 19+41| =0 underlined statement | M1
-12 - 2A —-1-2)
S(B+A)6+A) + (24+40)(19 +40) + (-12-20)(-1-21) = O Correct equation | Al oe
Attempt to solve the | dM1
36 +12% + A% + 456+ 96\ + 76\ + 160> +12+ 241 +20 + 417> =0 equation in A
212 + 21010 +504 =0
A2 +10h+24=0 = (A=-6) L=-4 A=—-4 | Al
Substitutes their A
OP=(6-4)i +(19+4(-4))j + (-1-2(-4))k into an expression for | M1
OoP
OP=2i +3j +7k 2i +3) +7k or | Al

P(2,3,7)

[6]

Note: A similar method to way 2 may be used by using OP = (5+1)i + (15+41)j + (1-2%)k
and AP=(5+A1-0)i +(15+41+5)j + (1-2r-11)k
AP ¢ OP =0 vyields (5+A)(5+1) + (20 + 41)(15 + 4%) + (10— 21)(1-21) = O
This simplifies to 21.* +168.+315=0. A* +8,+15=0 = (A=-5) A =-3
OP=(5-3)i +(15+4(-3))j + (1-2(-3))k
OP=2i +3j + 7k

6666/01 Core Maths C4 14
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Question Scheme Marks
Number
5.(c) | OP=2i +3j +7k
OA=0i -5j+11k and OB=5i +15] +k
Subtracting vectors to find any two
Kﬁ:i(Zi +8j -4k ), 5§=i(3i +12j —6k) of AP, PBor AB;and both are M1:
— _ _ correctly ft using candidate’s ALY+
AB = £(Si +20] -10k) OA and OP found in parts (a) and -
(b) respectively.
As AP = 2(3i +12j —6k) =2 PB AP = 2 PB
or AB=5(2i +8j —4k)=2% AP or AB =3 AP
or AB=5(3i +12j -6k)=5PB or AB = 3 PB
or PB=2(2i +8j —4k)=2AP or PB=2 AP
or AP=2(5i +20j —10k) = 2 AB or AP =2 AB
or PB=2(5i +20j —10k) =2 AB etc... or PB=2 AB
alternatively candidates could say for example
that
AP=2(i +4j -2k) PB=3(i +4j —2k)
: : A, P and B are collinear
then the points A, P and B are collinear. Completely correct proof, Al
. AP:PB =2:3 2:30r 1:20r/84 :4/189 aef | B1 oe
allow SC 2 [4]
Aliter
AtB; 5=6+1,15=19+4)\ or 1=-1-2) Writing down any of the three
5. (c) : ) M1
oratB; A=-1 underlined equations.
Way 2
gives A = -1 for all three equations. A = —1for all three equations AL
orwhen A = -1, thisgives r=5i +15j +k or A =-1givesr=5i +15j +k
Hence B lies on |;. As stated in the question both Must state B lies on |; = Al
AandPlieonl;. .. A, P and B are collinear. A, P and B are collinear
. AP:PB =2:3 2:3 or aef | Bl oe
[4]
13 marks

Beware of candidates who will try to fudge that one vector is multiple of another for the final A mark in part (c).

6666/01 Core Maths C4 15
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Question

Number Scheme Marks
6. (a)
X 1 1.5 2 2.5 3
y 0 0.5In1.5 In2 15In2.5 2In3
ory 0 0.2027325541... In2 1.374436098... 2In3
Either0.5In1.5 and 1.5In2.5
or awrt 0.20 and 1.37 | B
(or mixture of decimals and In’s) [1]
1 For structure of trapezium
0)) | h~5*1x{0+2(In2)+2in3 e o b ML
1 _ Al
= EX 3.583518938... = 1.791759... = 1.792 (4sf) 1.792 cao
(i) _ 1
Outside brackets > x 0.5 | B1:
1 ) '
, =505 x{0+2(0.5In1.5+In2+15In2.5)+2In3] For sructure of yapezium | -
rulef.ee....... L M
= %x 6.737856242... = 1.684464... awrt 1.684 | Al
[5]
© With increasing ordinates, the line segments at the Reason or an appropriate diagram B1

top of the trapezia are closer to the curve.

elaborating the correct reason.

[1]

Beware: In part (b) candidate can add up the individual trapezia:

(B)(Q) I, ~1(0+In2)+1(In2+In3)

(i) 1,~%.2(0+0.5In1.5)+2.4(0.5In1.5+In2)+%.4(In2+1.5In2.5) + 1.4(1.5In 2.5+ 2In3)

6666/01 Core Maths C4
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Question

Number Scheme Marks
u=inx — &=1 Use of ‘integration by
6. (d) o 2 parts’ formula in the | M1
w=X"1 = v=4-X correct direction
x? 1( x? _
=] — —x|Inx — J.— — — X |dx Correct expression | Al
2 X\ 2
2 « An attempt to multiply at
=|——-X|Inx - J.(— - 1) dx least one term through by
2 2 ) + and an attempt to ...
N X2 ... integrate; | M1;
= ?—x Inx — ?—X (+c)
~ 7 correct integration | A1
x? x? ’
=] | —-Xx|[InXx —— + X
2 4
1
Substitutes limits of 3 and
=(3In3-2+3)-(-in1-1+1
(2 o ) (-2 i+ 1 and subtracts. ddM1
=3n3+2+0-2 =32In3 AG 2In3 | Al cso
[6]
Aliter
6. (d) J(x—l)lnxdx=jxlnx dx—IInx dx
Way 2
2 2 s .
lenx ax = Xinx - J‘X_(lj dx Correct application of by | /)
2 2 | x parts
x? x? . :
= Inx — i (+¢) Correct integration | Al
Ilnx dx = xlnx J‘X(lj dx Correct application of by | /)
X parts
=XInx —x (+c¢) Correct integration | Al
3 Substitutes limits of 3 and | ddm1
" j(x—l)lnx dx = (2In3-2)-(3In3-2) =2In3 AG  1into both integrands and
! subtracts.
2In3 | Al cso
[6]
6666/01 Core Maths C4 17
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Question Scheme Marks
Number
Aliter
u=inx = &=1= Use of ‘integration by
6. (d) ; (17 parts’ formula in the | M1
F=(x-1) = v=5 correct direction
Way 3
2 2
| = (x-9 Inx — j(x_l) d Correct expression | Al
2 2X
Y 5 Candidate multiplies out
= (X 1) Inx — IX —2x+1 dx numerator to obtain three
2 2X terms...
(x B 1)2 1 1 ... multiplies at Iea?t one
= Inx — j EX 1+ o dx term through by - and
X
then attempts to ...
(X—l)z X2 1 ... integrate the result; | M1;
= In [— - X+=In xj (+c)
2 2 correct integration | A1
3
-0, %
| = Inx + X — =Inx
2
1
Substitutes limits of 3 and
=(2In3 -2 -1In3)-(0-1+1-0
( 1372 ) (0-%+ ) 1 and subtracts. ddM1
=2In3-iIn3+32+1-1 =32In3 AG 2In3 | Al cso
[6]

Beware: Izidx can also integrate to %In 2x
X

Beware: If you are marking using WAY 2 please make sure that you allocate the marks in the order they
appear on the mark scheme. For example if a candidate only integrated Inx correctly then they would be
awarded MOAOM1A1MOAO on ePEN.
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Question Scheme Marks
Number
Aliter | By substitution
6.(d |u=Inx = $£=1
Way 4
| = J(e“ ~1).ue’ du Correct expression
Use of ‘integration by
= ju(ezu —e”)du parts’ formula in the | M1
correct direction
1 u u 1 u u .
= u(zez —€ j - J-(Eez —€ ) dx Correct expression | A1
~ 1 2 ) 1 2 Attempt to integrate; | M1;
=u 2e e 4e e" | (+c)
correct integration | Al
In3
| = {—ue2u —ue' —=e® +e”}
In1
Substitutes limits of In3
=(2In3 -3In3-2 +3)-(0-0-1 +1
(2 it ) ( it ) and In1 and subtracts. ddm1
=3n3+32+1-1 =2In3 AG 2In3 | Al cso
[6]
13 marks
6666/01 Core Maths C4 19
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Question Scheme Marks
Number
. ds ds
7. (a From question, — =8 — = Bl
@) a dt dt
S=6x> = OI—S=12x d—S=12 B1
dx dx
dx dS dS 8 2 . dS dS_ 8
— == s — = —:= 3 = (k=2 Candidate’s — + —; — | M1; Al
dt  dt  dx  12x X (k=%) dt ~ dx ’ 12x Azoe
[4]
(b) vex = Mgy V3 Bl
dx dx
M1;
d_V:d_VXd_x = 3x%. 2 ;= 2X Candidate’sd—vx%; AX ’
dt  dx  dt 3x dx  dt ININE
As x=V%,then dd—\t/:2vé AG Use ofx=V%,to givedd—\t/:ZV; Al
[4]
Separates the variables with
dv Jd\l/ or IV‘%dV on one side and
(© J.vé = _[2 dt Vi B1
jz dt on the other side.
integral signs not necessatry.
J'V‘% av = J' 2 dt
Attempts to integrate and ...
svio_ ... must see V¢ and 2t; | M1;
SV: =2t (+c) . . . Al
Correct equation with/without + c.
UseofV=8andt=0ina
%(8)% =20)+¢c => c=6 changed equation containing ¢ ; | M1*: Al
c=6
Hence: 2V = 2t + 6
Having found their “c” candidate ...
%(16\/5)3 —2t4+6 = 12-=2t+6 ... Substitutes V_:lG\E into an depM1 *
equation involving V, t and “c”.
giving t=3. t=3 | Al cao
[7]
15 marks
6666/01 Core Maths C4 20
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Question Scheme Marks
Number
Aliter
7.(b) | x=V'& S=6x> > S=6V" S=6V: |B1Y
Way 2
d_S:4V*% ord_vzl\/% das 4V o d_vzlv% B1
dv ds 4 dv d 4
dv dS dV 1 L
= [ ] =2V Candidate’s as X d_V 2V: | M1; Al
dt dt dt dS
In ePEN, award Marks for
Way 2 in the order they appear
on this mark scheme.
[4]
Aliter
Separates the variables with
dv 1 .
I — or I—V ’dV oe on one
7. (c) IZV3 Il dt 2V3 2 Bl
side and Il dt on the other side.
Way 2 integral signs not necessatry.
—J'v*% dv = J.ldt
Attempts to integrate and ...
1)(3\V5 =t (+c .. mustsee V¢ and t; | M1;
()3 (+0) Correct equation with/without + c. | Al
UseofV=8andt=0ina
%(8)% =0)+c =>c=3 changed equation containing c ; | M1x*: Al
c=3
Hence: %V% =t+3
Having found their “c”
candidate ...
%(16\/5)5 —t+3 = 6=t+3 .. substitutes V_=16\/§ into“a’rj depM1 *
equation involving V, t and “c
giving t=3 t=3| Al cao

[7]

Beware: On ePEN award the marks in part (c) in the order they appear on the mark scheme.
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Sarisé::rn Scheme Marks
Aliter | similar to way 1.
(b) vex = Mgy V3 Bl
dx dx
Way 3
M1;
d—V:d—de—Sxd—x = 2.8.(LJ;: 2X Candidate’sd—vxd—sx%; AX ’
dt  dx dt dS 12x dx  dt  dS INIE
As x=V%,then dd—\t/:2vé AG Use ofx=V%,to givedd—\t/:ZV; Al
[4]
Aliter
Separates the variables with
dv Jd\l/ or IV‘%dV on one side and
(© J.vé = _[2 dt v? B1
JZ dt on the other side.
Way 3 integral signs not necessatry.
J'V‘% av = J' 2 dt
Attempts to integrate and ...
2 % 4 ¢ .
V= 4t (+¢) ... mustsee V: and 3 t; | M1;
Correct equation with/without + c.
UseofV=8andt=0ina
(8)F = 4(0)+c = c=4 changed equation containing ¢ ; | M1%; Al
c=4
Hence: V° = 2t+4
Having found their “c” candidate ...
(16\/5)% — 4146 = 8=4t+4 ... substitutes V =16+/2 into an depM1
: : equation involving V, t and “c”.
giving t=3. t=3| Al cao

[7]

e Beware when marking question 7(c). There are a variety of valid ways that a candidate can use to find the
constant “c”.
e In questions 7(b) and 7(c) there may be “Ways” that | have not listed. Please use the mark scheme as a
guide of how the mark the students’ responses.
e In7(c), if a candidate instead tries to solve the differential equation in part (a) escalate the response to
your team leader.
e IF YOU ARE UNSURE ON HOW TO APPLY THE MARK SCHEME PLEASE ESCALATE THE
RESPONSE UP TO YOUR TEAM LEADER VIA THE REVIEW SYSTEM.
e Note: dM1 denotes a method mark which is dependent upon the award of the previous method mark.
ddM1 denotes a method mark which is dependent upon the award of the previous two method marks.
depM1* denotes a method mark which is dependent upon the award of M1:x.
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Question

Scheme Marks
Number
** represents a constant
5 1 )2 Takes 2 outside the
1. f(x)=(2-5x)% =(2) (1——)(} = _[1—_)(} bracket to give any of | B1
—\ 2 a2 (2)%or L
Expands (1+**x)™ to
give an
unsimplified M1
_2)(— —2)(=3)(— ) 1+ (=2)(** x);
=%{1+(—2)(**X)H-( 2;(| 3)(**)()2 + ( 2)(33')( 4) (**X)S + ..
. ' A correct unsimplified
— } expansion | a1
with candidate’s
(* * X)
_5x -2)(-3 2)(-3)(-4
=%{1+(—2)(% NG )( )( L C )(3)( ) (= }
2 3
=%{1+ 5X; + 75x + 125x +}
4 2
Anything that
1 5x_ 75x% 125x° cancelsto 1, sx. | AL
=Z+T’+ 16 + 3 + 4 4
Simplified 2< + 125 | A1
=1+11x catle 15350 4
4 4 16 8
[5]
5 marks
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Question

Number Scheme Marks

Aliter
1. f(x) = (2 - 5x)2
Way 2
Lor(2)? | Bl

Expands (2 -5x)?to

givean | 1

2 I ) | Coc) ISR unsimplifed
@R ) (27 4 (D2 x):

(=2)(=3)(=2) ()5 (% # 12
' 3! (@7C70" . A correct unsimplified

— | expansion | A1
with candidate’s

(**X)

()2 +(-2)(2)*(-5):+ EXE 2y 45wy

+ —(_2)(;3')(_4) (2)°(-5x)° +...

= %"_ (_2)(%)(—5X) T+ (3)(%)(25)(2)
+ (-8)(2)(-125%%) + ..

Anything that

1 5x_ 75x% 125x° cancelsto 1 sx | Al
=4+ —; + + +... 24
4 4 16 8 H ifi 75x2 125x°
Simplified B + 12< | A]
1 + 11x; + 4E x? + 15 > x® +...
4 T4
[5]
5 marks

Attempts using Maclaurin expansions need to be referred to your team leader.
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Question Scheme Marks
Number
o1 Y o Use of V= x[y? d
2. (a) Volumeznj(mJ dx = gj > dx €0 —njy X B1
+
-+ ( ) = (1+2x) Can be implied. Ignore limits.
. Moving their power to the top.
_(m)| 2 (Do not allow power of -1.)
- (5”1(“2)‘) o Can be implied. | M2
- Ignore limits and £
2\ @+ 2x)* : Integrating to give +p(1+2x)™ | M1
- (EJ D2 |, -1(1+29)" | A1
- [gj —1(1+2x)" ]
- (Ej e O
9|1 2(2) 2(%)
- (2)-4-¢0)
Use of limits to give exact
_ T values of | A1 aef
12 Zor 22 or 2 or aef
[5]
(b) From Fig.1, AB = 1 —(-1) = 2 units
As 2units = 3cm
3
then scale factor k = — = 4.
(3)
Hence Volume of paperweight = (4)3 (%) (4)3 x (their answer to part (a)) | M1
167
v= 17 ome - 16.75516.. om? orawrt1es|
3 or&x or aef
[2]
7 marks

Note: Z (or implied) is not needed for the middle three marks of question 2(a).
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cl\gllljrisgleorn Scheme Marks
Aliter
4 2 : [
2. (a) Volume =n j(m} dx = RI;Z dx Use of V = TEJ‘y dx. B1
i %(3 +6x) Can be implied. Ignore limits.
Way 2
1 Moving their power to the top.
- 3+6x)2 d (Do not allow power of _-1.)
(n).[( +6x) " dx Can be implied. M1
o Ignore limits and =
_ (n)‘(3 N GX)lT Integrating to give +p(3+6x)™" | M1
L (D) |, ~5(B+6)" | A1
= ()| 1@+ |

_1
4

GRS

Il
—_
a
N—
Ll
~
©|-
~
L1

Use of limits to give exact

values of | A1 aef
Zor & or 2 or aef

[5]

Note: 7 is not needed for the middle three marks of question 2(a).
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Question Scheme Marks
Number
3.(a) X=7cost —cos7t, y=7sint-sin7t,
Attempt to differentiate x and y
with respect to t to give
ax_ —7sint + 7sin7t, b _ 7cost — 7cos7t & inthe formAsint + Bsin7t | M1
dt 2 in the form +Ccost + Dcos 7t
Correct ®and & | Al
dy 7cost - 7cos7t . gy
=== . . Candidate’s & | B1 /
dx —7sint+ 7sin7t o
[3]
(b) When t=2= m(T _dy _7cosg - 7cosg, Substitutes t = = or 30 into their
6 dx -7sinf+ 7sin‘: dy .| M1
< expression;
i (18 to give any of the four underlined
_ T_(_T) _ W3 _J3 - awrt —1.73 expressions oe | AL cso
-1-1 -7 - (must be correct solution only)
1 1 Uses m(T) to “correctly’ find
Hence m(N) = i or T =awrt 0.58 m(N). Can be ft from “their | A1/ oe.
B 3 tangent gradient”.
When t=2,
The point (4+/3, 4
x=7cosg—cos7—g=¥—(_§)=%=4\/§ u B1
) _ or(awrt 6.9, 4)
y=7sm%—sm%:%—(_%)=%:4 \aWit 0.9, %)
Finding an equation of a normal
N with their point and their normal | M1
N: y-4= 3(x 4\/5) gradient or finds c by using
y = (their gradient)x + "c".
Correct simplified Al
_ ) N A EXACT equation of normal. | 8= ¢
Ni y=Fx or y=5Xx or 3y=v3x This is dependent on candidate
using correct (4J§, 4)
or4=4(43)+c = c=4-4=0
Hence N: y=<x or y=%x or 3y=4/3x
[6]
9 marks
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Question Scheme Marks
Number
Aliter
3.(a) X=7cost —cos7t, y=7sint-sin7t,
Way 2 Attempt to differentiate x and y
with respect to t to give < in the
: : M1
X gint 4 7sin7t, Y _ 7cost - 7cosTt form+Asint £ Bsin7t
dt dt 2 in theform+Ccost + Dcos 7t
Correct %and & | Al
dy 7cost-7cos7t  —7(-2sin4tsin3t) Y
2= = = tan4t a
dx -7sint+ 7sin7t —7(2cos4tsin3t) an UL o B1
3]
(b) dy Substitutes t = = or 30" into their
When t=—, m(T) === =tan4z, 4 . M1
dx < expression;
2(73)(1) to give any of the three underlined
“2(-1) —/3 =awrt ~173 expressions oe | AL Cs0
2 (must be correct solution only)
1 1 Uses m(T) to ‘correctly’ find
Hence m(N) = i or ﬁ = awrt 0.58 m(N). Can be ft from “their | AL/ oe.
B tangent gradient”.
When t=2,
The point (443, 4
x:7cosg—cos7—g=¥—(—§)=¥=4\/§ u B1
, _ or(awrt 6.9, 4)
y=7smg—sm%‘=%—(_%)=%=4 \GWIt 9.9 %)
Finding an equation of a normal
R with their point and their normal | M1
Ny —4= ﬁ(x 4\/§) gradient or finds ¢ by using
y = (their gradient)x + "c".
Correct simplified Al
_ ) N 73 EXACT equation of normal, | 2= ©€
NI y=gx or y=%x or 3y=v3x This is dependent on candidate
using correct (4\/§, 4)
or4=4(43)+c = c=4-4=0
Hence N: y=<x or y=%x or 3y=4/3x
[6]
9 marks
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Beware: A candidate finding an m(T) = 0 can obtain Alft for m(N) — oo, but
obtains MO if they write y — 4 = oo(x — 4+/3). If they write, however, N: x = 44/3,
then they can score M1.

Beware: A candidate finding an m(T) = « can obtain A1ft for m(N) = 0, and also
obtains M1 if they write y —4 = 0(x — 4J/3)ory = 4.
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Question Scheme Marks
Number
4 x-1 ___ A B
@ D@3 T x-1) | (2x-3)
Forming this identity.
2x -1= A(2x-3)+B(x-1) NB: A & B are not assigned in | M1
this question
Let x=%, 2=B(4) = B=4
Letx=1, 1-A(-1) = A=-1 either one of A=—1or_B =4.| Al
both correct for their A, B. | Al
giving 1 ,_4
(x-1) (2x-3)
[3]
dy _ (2x-1) Separates variables as shown
(b) & (¢) J y (2x-3)(x-1) Can be implied | 5%
-1 4 Replaces RHS with their partial
= d . -
j(x -1 " (2x-3) X fraction to be integrated. M1y
At least two terms in In’s | M1
s ny = —-In(x-1) + 2In(2x-3) + ¢ At least two In terms correct | A1
All three terms correct and “+ ¢’ | A1
[]
y=10,x=2 gives c=In10 c =In10 | B1
sny = —=In(x-1) + 2In(2x - 3) + In10
Iny = —In(x-1) + In(2x = 3)* + In10 Using the power law for M1
logarithms
2
Iny = |n(MJ +1n10 or Using the product and/or quotient
(x-1) laws for logarithms to obtain a
. . . M1
10(2x - 3)? single RHS logarithmic term
Iny =In T x-1n with/without constant c.
_10(2x -3y’ _10(2x -3y’ or aef. isw | AL aef
(x-9) (x-9) | %
[4]

12 marks
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Sﬂ;s;'eorn Scheme Marks
Aliter
4, J‘ dy _ (2x-1) Separates variables as shown | o,
(b) & (c) y (2x=3)(x-1) Can be implied
Way 2
-1 4 Replaces RHS with their partial
= dx . .
J. (x-1) " (2x-3) fraction to be integrated. M1y
At least two terms in In’s | M1
~Iny = —In(x=1) + 2In(2x-3) + ¢ At least two In terms correct | A1+
All three terms correct and ‘+ ¢’ | A1
See below for the award of B1 decide to award B1 here!! | B1
C infe v Using the power law for
Iny = —In(x-1) + In(2x-3)" + C logarithms M1
Using the product and/or quotient
iny = In| (X -3, ¢ laws for logarithms to obtaina | .,
x-1 single RHS logarithmic term
with/without constant c.
2
Iny = In(@} where ¢ =InA
N (2x-3)? e n (2x-3)?
or e e [ X ] _e [ -t jec
_ A(2x-3)
o x-D
y=10,x=2 gives A=10 A =10 for Bl award
above
10(2x —3)° 10(2x — 3)? .
= 7 =—— " oraef&isw
(x—1) (x—1) Al aef
[5] & [4]

Note: The B1 mark (part (c)) should be awarded in the same place on ePEN as in the
Way 1 approach.
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Question Scheme Marks
Number
Aliter
dy _ (2x-1) Separates variables as shown Can
OEIORN Rl P pe implied | B
Way 3
ZJ' -1 N 2 dx Replaces RHS with their partial M1
(x-9) (x-3 fraction to be integrated.
At least two terms in In’s | M1
sdny = —In(x=1) + 2In(x-3) + ¢ At least two In terms correct | A1
All three terms correct and ‘+ ¢’ | A1
[5]
y=10,x=2 gives c=1In10 —2In(§) =In40 c=In10- 2In(§)orc =In40 | B1 oe
sdny = —In(x-1) + 2In(x —2) + In40
Iny = —In(x-1) + In(x—2)? + In10 Using the power law for |,/
logarithms
2
Iny = |n((x 3 J +1n40 or Using the product and/or quotient
(x-1) laws for logarithms to obtaina |\ .
40(x - 2)? single RHS logarithmic term
Iny =In x_1) with/without constant c.
_3)? _3)2
40((X 1; = 40(()(—1; or aef. isw | A1 aef
X — X —
[4]

Note: Please mark parts (b) and (c) together for any of the three ways.

10
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Question Scheme Marks
Number
5. (a) sinx + cosy = 0.5 (egn =)
My dy Differentiates implicitly to include
{&x} cosx—smyd—X:O (eqn#) isiny%.(lgnore (% :)_) M1
dy _ cosx COS X
dx siny siny Al cso
[2]
Candidate realises that they need
to solve ‘their numerator’ =0
dy COS X . p . .
(b) ax 0 = siny =0 = cosx=0 ...or candidate sets 3 =0 in their | M1y
(egn #) and attempts to solve the
resulting equation.
. bothx=-%,% or x=+90" or
giving x=-% or x=1% — . Al
awrt x = +1.57 required here
When x = -3, sin(-3)+cosy = 0.5 Substitutes either their M1
When x = %, sin(§)+cosy=0.5 X =% o0r x=-2intoeqn *
= cosy =1.5 = y has no solutions Only one of y = £ or — % or 120° AL
= cosy=-05 = y=2or % or —120" or awrt -2.09 or awrt 2.09
e Only exact coordinates of
In specified range (x, y) = (£, &) and (£, - &) y o o | AL
(3. %)and (3. -%)
Do not award this mark if
candidate states other
coordinates inside
the required range.
[5]
7 marks

11




PhysicsAndMathsTutor.com

cl\ghljre;f;:eorn Scheme Marks
6. y — 2x — e><In2
(a) j_y =In2.e"" j_y =In2.e | M1
X X
Way 1
Hence % =In2.(2") =2*In2 AG 2"In2 AG | A1 cso
[2]
Aliter
x Takes logs of both sides, then uses
Iny =In(2*) leadsto Iny =xIn2 L
(@) y ( ) y the power law of logarithms...
Way 2 M1
ldy In2 ... and differentiates implicitly to
y dx give 2 =1In2
Hence % =yln2 =2*In2 AG 2"In2 AG | A1 cso
[2]
. Ax 209 | M1
b)) |y=2"" = d—z = 2x. 2¢.In2 2x.2%7In2 |
or 2x.y.In2 if y is defined
Substitutes x = 2 into their %
_, Oy _ 4 X
Whenx =2, ax 2(2)27In2 which is of the form +k 20 | M1
or Ax 29
g_y = 64In2 =44.3614... 64In2 orawrt44.4 | Al
X
[4]
6 marks

12
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Question Scheme Marks
Number
Aliter
6. (b) Iny = In(ZXZ) leadsto Iny = x* In2
Way 2
1 d E%:Ax.lnz M1
2 d—y = 2x.In2 i dx
y & ——y=2x.ln2 Al
y dx
dy

Substitutes x = 2 into their A
X

—_ dy _ 4 2
Whenx =2, dx 2(2)27In2 which is of the form +k 20 | M1
or Ax 209
d_y = 64In2 = 44.3614... 64In2 orawrt44.4 | Al

ax —

[4]

13




PhysicsAndMathsTutor.com

Sﬂrens;'eorn Scheme Marks
7. a=0A=2+2j+k :\@\:3
b=0B= i+ j-4k :\FB\:JE
BC = +(2i + 2j + k) =[BC| = 3
AC = (i + |- 4k) =[AC| =18
(a) c=0C=3i+3j-3k 3i +3j -3k | Blcao
[1]
(b) N (1
OAeOB=|2|el 1 |= 2+2-4=0 or...
1) (-4
I S I e An attempt to take the dot product
BOeBC=|-1|e¢/2|= -2-2+4=0 oOr... between either OA and OB
4) (1 OA and AC ,AC and BC Mi
I R I or OB and BC
ACeBC=| 1 |e|2|= 2+2-4=0 or
—4) (1 Showing the result is equal to zero. | Al
-2
AOeAC=|-2|e| 1|= —2-2+4=0
-1) |4
and therefore OA is perpendicular to OB and perpendicular and A1 cso
hence OACB is a rectangle. OACB is a rectangle
Using distance formula to find M1
either the correct height or width.
B 3 B Multiplying the rectangle’s
Area = 3x/18 = 3418 = 92 height by its width, | M
exact value of Al
3418 , 942, 162 or aef
[6]
(c) OD=d =2(3i +3j-3k) 1(3i +3j-3k) | BL
[1]

14
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Question
Number

Scheme

Marks

(d)
Way 1

Aliter

(d)

Way 2

using dot product formula

DA=+(1i +21j +3k) & DC==x(3i +2j - 2k)
& OC==%(3i +3j - 3k)

or BA=x(i +] +5k)

0.5 15
05 |e 15

2.5 -1.5

e

cos D = (%)

2 2

D =cos™ [—lj
3

D=109.47122..°

using dot product formula and direction vectors

dBA==(i +j +5k)

1
ol 1
-1 5

(@)
o
(%]
O
Il
—~
=+

D =cos™ (—ij
3

D=109.47122..°

1+1-5

1
Ry N e Tl

& dOC=x+(i +j —k)

Identifies a set of two
relevant vectors
Correct vectors +

Applies dot product
formula on multiples
of these vectors.
Correct ft.
application of dot
product formula

Attempts to find the
correct angle D
rather than 180" -D.

109.5 or
awrt109 or 1.91°

Identifies a set of two
direction vectors
Correct vectors +

Applies dot product
formula on multiples
of these vectors.
Correct ft.
application of dot
product formula.

Attempts to find the
correct angle D
rather than 180" -D.

109.5 or
awrt109 or 1.91°

M1
Al

ddM1+/

Al

[6]
M1

Al

dM1

ALV

ddM1

Al
[6]

15
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Question Scheme Marks
Number
Aliter | using dot product formula and similar triangles
- o Identifies a set of two | \,q
(d) dOA=(2i +2j +k) & dOC=(i +]j —k) direction vectors
Correct vectors | Al
Way 3
5 1 Applies dot product
formula on multiples | dM1
2|1 of these vectors.
cos (D) = U\ _2+2-1_ 1 Correct ft.
7 Jo3 Y93 B application of dot | A1V
- product formula.
Attempts to find the
3 L4 1 correct angle D by
D =2 cos [ﬁ} doubling their angle ddm1y"
foriD .
. 109.5 or
D =109.47122... aWrt109° or 1.91° Al
[6]
Aliter | using cosine rule
(d) DA=21i +1j +5k , DC=3i +3j -2k ,AC=i+ j-4k
Way 4
Attempts to find all
the lengths of all
. — — M1
‘DA _ 2t , ‘Dc‘ - @ ‘AC‘ - 18 three edges of
z 2 AADC
All Correct | Al
2 Using the cosine rule
27 27 2 .
[\/2_] +[\/2_J - Jﬁ) formula with correct | dM1
cos D = __1 ‘subtraction’.
) 27 (V27 3 Correct ft application
2 2 of the cosine rule | A1y
formula
1 Attempts to find the
D= cos‘l(—gj correct angle D | ddM1+/
rather than 180" -D.
109.5 or
= . . Al
D=109.47122 awrt109 or 1.91°
[6]

16
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Question Scheme Marks
Number
Aliter usmg trigonometry on a rlght angled trlangle
(d) DA = i +1j) +32k OA=2+2j+k AC=i+ j-4k
Way 5
S Attempts to find two
Let X be the midpoint of AC out of the three | M1
lengths in A ADX
IDA| = */_ . PX =4 ‘AX‘ - 118
(hypotenuse), (adjacent) , (opposite) Any two correct | Al
Uses correct
i 3 N hcahtoa to find2p | M1
sin(£D) _T , cos(1D) :% or tan((D)=-% sohcantoa fo |_nd?
feas 2l 3 Correct ft application ALY
of sohcahtoa
Attempts to find the
et D21 N correct angle D by
g an™ 3 doubling their angle ddMm1y
foriD .
109.5 or
= . . Al
D=109.47122 awrt109 or 1.9r°
[6]
Aliter usmg trigonometry on a rlght angled similar trlangle OAC
(d) OC=3i +3j -3k OA=2+2j+k AC=i+ j-4k
Way 6 Attempts to find two
v —— — out of the three
‘OC‘ =27, ‘OA‘ =3, ‘AC‘ = V18 lengths in AOAC M1
(hypotenuse), (adjacent), (opposite)
Any two correct | Al
Uses correct | M1
hcahtoa to find <D
sm(%D):@ , cos(;D)zi or tan(%D):@ sohcantoa fo I_n 2
J27 J27 3 Correct ft application
of sohcahtoa | ALV
Attempts to find the
J18 correct angle D by
_ -1
€g. D=21tan ( 3 doubling their angle ddM1y"
foriD .
. 109.5 or
D =109.47122... aWrt109° or 1.91° Al
[6]

17
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Question Scheme Marks
Number
Aliter
7.(0) () | c=0C =+(3i + 3j - 3k)
AB = (i — j —5k)
Way 2
o - A complete method M1
[OC|= V@) + @) + (-3 =@ + @ + (-5 = [AE| of proving that the
diagonals are equal.
s ‘O_é‘=‘K§‘ =27 Correct result. Al
diagonals are equal Al cso
then the diagonals are equal, and OACB is a rectangle. and
OACB is a rectangle
[3]
a=0A=2i+2j+k :‘ﬁ\:s
b=0OB=i+ j-4k ‘O—B‘z
BC=+(2i +2j+ k S‘BC‘
AC=i(I+]—4k ‘AC‘=
c = OC = +(3i + 3j - 3k) =[0C| =27
AB=+(-i-j-5k) = |AB|=127
Aliter
7. (b) (i) (OA)* + (AC)? = (OC)?
or (BC)? + (OB)? = (OC)?
or (OA)* + (OB)®* = (AB)?
2 2 2
or (BC) +(AC) =(AB)" orequivalent
Way 3
A complete method M1
) of proving that
= (3)° +(18)* = (\/ﬁ) Pythagoras holds
using their values.
Correct result
Al
and therefore OA is perpendicular to OB erpendicular and Al cso
or AC is perpendicular to BC OAE)CEI?is a rectanale
and hence OACB is a rectangle. g
[3]
14marks

18
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Question

Number Scheme Marks
8. (a)
X 0 1 2 3 4 5
y e e’ eV’ eV eV e’
ory | 2.71828... | 7.38906... | 14.09403... | 23.62434... | 36.80197... | 54.59815...
Eithere'”, e/ and e/
or awrt 14.1, 23.6 and 36.8
or e to the power
awrt 2.65, 3.16, 3.61
(or mixture of decimals and e’s)
At least two correct | B1
All three correct | B1
[2]
(b) L Outside brackets % x1|pB1:
Lo ]et 2, o7 L @V, VBt _
|~2X1’X{e +2(e te e +e )+e } For structure of trapezium
rule{............. ¥ M1V
1 Al
= 5% 221.1352227... = 110.5676113... = 110.6 (4sf) 110.6 | -

[3]

Beware: In part (b) candidates can add up the individual trapezia:

(b)1 z%.l(e1+e2)+%.1(e2 +eﬁ)+%.1(eﬁ + eJﬁ)+§.1(eJE +em)+%.1(em +e4)

19
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Sﬂ;s;'eorn Scheme Marks
1 dt 1 1 dt
t=3x+1)’ = —=1.3.3x+1* ABx+D)zort—=A | M1
dx dx
(C) dt 1 dt
. 0or P =3x+1 = 2t—=3 2(3x+1) or 2t—=3 | A1
dx —_— dx
0 dt _ 3 _3 N dx _ 2t Candidate obtains either
dx 2.(3x+1: 2t d 3 4 or &intermsoft ...
... and moves on to | dM1
IZJ‘e«/—(Bxﬂ) dx :J'et ax :J‘et.ﬂ_dt substitute this into | to
dt 3 convert an integral wrt x
to an integral wrt t.
" |=J§te‘ dt Igte‘ Al
change limits: changes limitsx — t so B1
whenx=0,t=1& whenx=5,t=4 that 0 »>1and 54
4
Hence | = I%tetdt ywhere a=1b=4,k=2
1
[]
u=t = = Let k be any constant for
(d) { ot t t} the first three marks of this
w=-¢ = V=¢ part.
Use of “integration by
parts’ formula in the | M1
kJ‘tet dt =k (tet —J.et.l dt) correct direction.
Correct expression with a Al
constant factor k.
Correct integration
= k(te'-e') +c with/without | Al
a constant factor k
2 Substitutes their changed
I%te‘ dt = 5{(464 ~e*)-(e'-e)} limits into the integrand | dM1 oe
1 and subtracts oe.
= 2(3e") = 2e” =109.1963... either 2e* or awrt 109.2 | Al
[]
15 marks

e Note: dM1 denotes a method mark which is dependent upon the award of the

previous method mark

e ddML1 denotes a method mark which is dependent upon the award of the previous

two method marks.

20
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6666 Core Mathematics C4
Mark Scheme

gﬂ;sggrn Scheme Marks

** represents a constant

-3
1. () f(x) = (3+2x)° = (3)*3 (1+2?X) = i[1+2?x to give any of (3) or L. | B1

See note below.

jg Takes 3 outside the bracket

Expands (1+** x)™ to
give a simplified or an un-

simplified | M1
—3)(— =3)(-4)(- 1+ (-3)(**X);
:2—17{1+(—3)(**X);+%(**x)2.;,_%(**X)s_'_“} ( )( )
. . A correct simplified or an
ith ** = 1 un-simplified
wi

— } expansion with | A1/~
candidate’s followed thro’

(**X)

1 {1 H(-3)(2)+ —(‘3;(!‘4) @y + —(‘3)(;‘!‘)(_5) @) + }

2
=L1i1-2x+ 8" _ 80s, ..
3 27

Anything that

1 2x 8x? 80x° cancelsto 1 _2x. | AL
= -t - +.. 27 27’
27 27 81 729 L e g0y
Simplified - — 555 | Al
[5]
5 marks

Note: You would award: BIM1AO for

Special Case: If you see the
constant - in a candidate’s final

binomial expression, then you can

- %{1 +(_3)(2?X)+—(‘3;("4) (2x)* + —(‘3)(;‘)(‘5) (2x)° + }
' ' award B1

because ** is not consistent.

6666/01 Core Maths C4 2 25™ June 2007
June 2007 Advanced Subsidiary/Advanced Level in GCE Mathematics Version 8: THE FINAL VERSION
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Question

Number Scheme Marks
Aliter
1. f(x)=(3+2x)
Way 2
+ or(3)°(Seenote 1) | BL
Expands (3 + 2x)®to give
_3)(-4 an un-simplified or
@) +-3)®) ¢ 0+ L @) 24y simplified | M
= ' (3)° +(-3)3)*(**x);
+ (_3)(_4)(_5) (3)76 (* * X)3 +
3! A correct un-simplified or
simplified
with ** = 1 { .......... } expansion with | A1~/
candidate’s followed
thro’ (* * x)
@) +-3)®)* @0+ 2 @) * (2%
+ EENEO) ay0 0y
3!
[ FHE3)ED@X);+(8)(55)(4X%)
+ (-10)(%)(8x%) + ...
Anything that
1 2x. 8x* 80x® cancelsto 1 _2x. | Al
= == == + 27 27’
27 27 81 729 el g0
Simplified 3+ — 55 | Al
[5]
5 marks

Attempts using Maclaurin expansions need to be escalated up to your team leader.

If you feel the mark scheme does not apply fairly to a candidate please escalate the response up to your team leader.

6666/01 Core Maths C4 3

June 2007 Advanced Subsidiary/Advanced Level in GCE Mathematics

Special Case: If you see the
constant % in a candidate’s

final binomial expression, then

you can award B1

25" June 2007

Version 8: THE FINAL VERSION
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Question Scheme Marks
Number
1 2)(
2. .[—2 dx, with substitution u = 2*
) 2" +1)
du _ X du _
du _ e o 9 Xl W = 2%In2 or & =u.In2 o1
dx du 2%In2 or (Ul)g_: —In2
2" 1 1 1
%  dx = |—= J-— du k I du
J(zx +1)? (Ian (U +1) (u+17 M1+
where k is constant
_( 1 j[ -1 J+c uU+)? > au+n™* | M1
In2 )\ (u+1) U+D? > -1.u+D* | AL
change limits: whenx=0&x=1thenu=1&u=2
[ 2 1[ 17
J-ﬁ dx = —— | ———
0(2 +1) In2] (u+1) |,
1 1 1 Correct use of limits
SIOES)
6In2 -
Exact value only! [6]
Alternatively candidate can revert back to x ...
1
2" 1 -1
J‘ﬁ dx = —| ——
0(2 +1) In2] (2 +1) |,
1 1 1 Correct use of limits
“ma3)(3)
6In2 —
Exact value only!
6 marks
/
If you see this integration ﬁzhere are other acceptable
applied anywhere in a answers for A1, eg: s or -1
gsvr;drgjal\‘/tli sAvXorkmg then you can NB: Use your calculator to check
' eg. 0.240449...
6666/01 Core Maths C4 4 25" June 2007

June 2007 Advanced Subsidiary/Advanced Level in GCE Mathematics

Version 8: THE FINAL VERSION
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Question Scheme Marks
Number
u=x = $=1
3. (a) dv 1qj
G =C0S2X = V =58In2x
(see note below)
_ _ Use of ‘integration by parts’ M1
Int = Ixcost dx = Zxsin2x —J.%sm 2x.1dx formula in the correct direction.
Correct expression.
Al
SiN2x — —£C0s2x
= ixsin2x —1(-4cos2x) + ¢ or sinkx — —xcoskx | dm1
with k #1,k >0
= 2XSiN2X + 2C0S2X + C Correct expression with +c | Al
[4]
Substitutes correctly
(b) jxcosz x dx = Ix(%) dx for cos® x inthe | M1
given integral
=1J.XCOSZX dx + 1J‘x dx
2 2
(1 1 1 1 ihei to (a)):
= Z| =xsin2Xx + =Ccos2X |;+ —dex —(their answer to (a)); AL
2\ 2 4 2 . . '
or underlined expression
1 . 1 1 i
= Zxsin2x + =cos2x+ —x2 (+¢) Completely correct expression Al
4 38 4 with/without +c
[3]
7 marks
Notes:
(b) Int = J.XCOSZX dx = Zxsin2x ij%sian.l dx This is acceptable for M1 | M1
u=x = $=1
¥ =cos2x = V =Asin2x
Int = J.XCOSZX dx = ﬂxsianJ_rJ./isinZX.l dx Thisisalso |,
acceptable for M1
6666/01 Core Maths C4 5 25™ June 2007
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Question Scheme Marks
Number
Aliter Substitutes correctly
2x +1
3. (b) jxcosz x dx = Ix(%) dx for cos’ x in the
Way 2 given integral ...
M1
u=x = g_: =1 . . olr
. u=xand &£ =21C0S2X ++
& —lcos2x+1 = Vv =2isin2x +1x a2 2
= 1xsin2x + 1x? - J.(%sinZX + £x) dx
- 2 2 1 their answer to (a));
= £XSIN2X + 2$X° + $C0S2X —$X° + C 2( ); INNE
or underlined expression
1 . 1 1 Completely correct expression
= =Xsin2xX + =cos2X + =x? (+¢) pletely correct exp Al
4 8 4 with/without +c
[3]
Substitutes correctly
Aliter (b) _ 2y _
Way 3 J.XCOSZX dx = _[X(ZCOS X 1) dx for cos2x ianCOSZX dx | M1
= Zj.xcos2 X dx — jxdx = 1XSin2x + +c0s2x + ¢
, 11 1 1 1(their answer to (a)); s
:>jxcos Xdx = =| =XxSin2X + —c0S2X ;+—jxdx 2 Al;
2\2 4 2 or underlined expression
_ L sinox + Leosoxs Lx? (+¢) Completely correct expression | ,
4 8 4 with/without +c
[3]
7 marks
6666/01 Core Maths C4 6 25™ June 2007
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Question Scheme Marks
Number
4. (a) A method of long division gives,
Way 1
2
Al o, 4 A=2 |B1
(2x+D(2x -1) 2x+D(2x -1
4 _ B N C
@x+D(2x-1)  (2x+1) (2x-1)
4=B(2x-1) +C(2x+1 Forming any one of these two M1
or their remainder, Dx + E = B(2x -1) + C(2x +1) identities. Can be implied.
Let x=—2, 4 =-2B = B=-2
See note below
Let x =1, 4-9C = C=2 githeroneof B=-2orC =2 | Al
both B and C correct | Al
[4]
Aliter
2
4 @) 2(4x° +1) - AL B N C
2x+1(2x -1) 2x+1) (2x-12)
Way 2
decide to award B1 herel!! ...
See below for the award of B1 Cfor A=2 B1
2(4x*+1) = A(2x +1)(2x —1) + B(2x -1) + C(2x +1) Forming this identity. | .,
Can be implied.
Equatex’, 8 =4A = A=2
Let x=—2, 4 =-2B = B=-2
See note below
Let x =1, 4-2C = C—2 githeroneof B=-2o0rC =2 | Al
both B and C correct | Al
[4]
If a candidate states one of either
B or C correctly then the method
mark M1 can be implied.
6666/01 Core Maths C4 7 25" June 2007
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Question Scheme Marks
Number
2
o | [ g [p 2, 2y
(2x+D(2x -1) 2x+1) (2x-2)
=2x— 2In(2x +1) + 2In(2x 1) (+c) Either pIn(2x +1) or gIn(2x —1)
. M1 *
oreitherpln2x +1 or qin2x -1
A— Ax | B1v
- 2In(2x +1) + 2In(2x -1) AL
or =In(2x +1) +IN(2X =1) | g0 & aef
See note below.
2
2D g [2x —In(2x +1) +In(2x — 1)]°
) 2x+DH(2x -1 !
Substitutes limits of 2 and 1
=(4-In5+1In3)-(2-In3 +Inl) and subtracts the correct way round. | depM1 *
(Invisible brackets okay.)
=2+In3+In3 -1In5
3(3) Use of correct product (or
=2+Inj — power) and/or quotient laws for
S logarithms to obtain a single | M1
logarithmic term for their numerical
expression.
=2+Ing 2+Ing Al
5 5
Or 2-In(%) and k stated as £ . (6]
10 marks

/

Some candidates may find ration:)/values for B
and C. They may combine the dehominator of
their B or C with (2x +1) or (2x — 1). Hence:
Either —-2— — klIn(b(2x —1)) or

b(2x-1)

sen — KIn(b(2x +1)) is okay for M1.

Candidates are not allowed to fluke
—-In(2x +1) +In(2x —1) for A1. Hence cso. If they

do fluke this, however, they can gain the final Al
mark for this part of the question.

6666/01 Core Maths C4
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/

TJJ award this M1 mark, the candidate
must use the appropriate law(s) of
logarithms for their In terms to give a
one single logarithmic term. Any error
in applying the laws of logarithms
would then earn MO.

\ 4

Note: This is not a
dependent method mark.
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Question

Number Scheme Marks
5.(a) If I, and I, intersect then:
1 1 1 2
O|+Al1| =13 |+u| 1
-1 0 6 -1
ir 1+A=1+2un (1)
Any two of j: A=3+ p ) Writes down any two of these (e:glrjrfglr;s. M1
k: -1=6- p (3)
1) & (2) yields A =6, u =3 Solves two of the above equatfiic;r:js to
(D & (3) yfelds A=14, =1 either one of A or u correct | Al
(2) &(3) yields 4 =10, p=17 both A and z correct | A1
checkingegn (3), -1#3 Complete method of putting their values
Either checking eqn (2), 14 10 of 1 and x into athird equationto | g1/
checking egn (1), 1115 show a contradiction.
or for example:
this type of explanation is also allowed
checking egn (3), LHS = -1, RHS =3 for B1v/ .
= Lines |; and I, do not intersect
[4]
Aliter
5. (a) k: -1=6- p = pn=7 )
Way 2 Uses the k component to find u
ii lea=1+2u = 1+r=1+207) _ _ahnd substi;u:]es_thei.r value of x "
. to eit t t.
i: =3+ u - r=3+ (7) into either one of the i or j componen
i: A=14 either one of the A ’s correct | Al
j: A=10 both of the A ’s correct | Al
Either: These equations are then inconsistent | hod iving ri
or: 14%10 Complete method giving rise to any one Bl
. . of these three explanations.
Or: Lines I; and I, do not intersect
[4]

6666/01 Core Maths C4
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Question Scheme Marks
Number
Aliter
5. (a) If I and |, intersect then:
Way 3
1 1 1 2
O|+Al1| =3 |+u| 1
-1 0 6 -1
ir 1+A=1+2u (1)
Any two of j: A=3+ u (2 Writes down any two of these equations | M1
k: -1=6- p 3)
(D & (2) yields =3 either one of the u’s correct | A1
(3) yeldsuy=7 both of the z¢’s correct | A1
Either: These equations are then inconsistent Complete method giving rise to any one
or: 3_7& ! . of these three explanations. Bl\f
Or: Lines |; and I, do not intersect
[4]
Aliter i 1+A=1+ 2},l (1)
5. (a) Any two of j: A=3+ unu (2 Writes down any two of these equations | M1
Way 4 k: -1=6-p (3)
(D & (2) yields 1 =3 u=3 | A1
(3 RHS=6-3=3 RHS of (3) =3 | Al
: _ Complete method giving rise to this
(3) yields -1 3 explanation. Bl\/_
[4]
6666/01 Core Maths C4 10 25™ June 2007
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Question Scheme Marks
Number
Only one of either
2 5
2 > OA=|1|orOB=|5
5(0) |A=1= OA=|1| & u=2 = OB=|5 Sl Bl ittt Il il Y1
-1 4
-1 4
A(2,1,-1) or B(5,5,4).
(can be implied)
I, 5 2 3 . -3 Finding the difference between their
AB=0OB-OA=|5|—-|1|=(4|0or BA=|-4 OB andOA . | M1+
4 -1 5 -5 (can be implied)
Applying the dot product formula
between “allowable” vectors. See | M1
notes below.
AB=3i+4j+5k,d, =i+j+0k & 6 isangle
— Applies dot product formula between
AB ed _—
cosf= = Cr_ 4[3+4+0 d, and their +AB. M1y
[AB ||d,| J50 2 _
Correct expression. | Al
cos 0 =+ 15 or07or 7= | A1 cao
but notﬁ [6]
10 marks
¥

dot product between their vectors in the following cases:

Candidates can score this mark if there is a complete method for finding the

Case2: d, =i+]j+0k
and d, =2i +j -1k

Case 1. their ft +AB = +(3i + 4j + 5k)
and d, =i+ +0k

2+1+0
3+4+0 _
=C0S 0 =1| —— =Cc0s @ =
[\/50.\/2j V2.6

Case3: d, =i+j+0k
and d, =2(2i +j -1k)

Case 5: their ft OA = 2i + 1j — 1k
and their ft OB = 5i + 5j + 4k

Case 4: their ft £AB = = (3i + 4j + 5k)
and d, =2i +j-k

6+4-5 10+5-4
=c0S 0 =t| —— =C0S 0 =t| —————
{\/SO.JEJ ( J6./66 J

Note: If candidate use cases 2, 3, 4 and 5 they cannot gain the final three marks for this part.

Note: Candidate can only gain some/all of the final three marks if they use case 1.

25" June
Version 8
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Examples of awarding of marks M1M1A1 in 5.(b)

Example Marks
J50.42 cos@ = £(3 + 4 + 0) M1M1AL
(Case 1)
V2.6 coso =3 M1MOAO
(Case 2)
V224 cosf =4+ 2 M1MOAO
(Case 3)
6666/01 Core Maths C4 12 25" June 2007

June 2007 Advanced Subsidiary/Advanced Level in GCE Mathematics Version 8: THE FINAL VERSION



PhysicsAndMathsTutor.com

edexcel

Question Scheme Marks
Number
6. (a) X =tan’t , y =sint
dx d dx d
— = 2(tant)sec’t, Y _ cost Correct = and 2. | B1
dt dt dt dt
+cost M1
_dy  cost _ cos't their 9
“dx  2tantsec®t 2sint +cost
o | ALY
their &
3]
i 4
(b) Whent=2%, X =1,y =% (need values) The point (1' JE) OrM B1, B1
These coordinates can be implied.
(y= Sin(ﬁ) is not sufficient for B1)
cosZ
When t = —, m(T):d—y_ L
dx 2tanZsec” %
= % = % = % = 1 = Q any of the five underlined expressions or
2
2.(1)(%) 2-(1)(%) 2.()(2) M 8 awrt 0.18 | B 2€f
ﬁ 2
Finding an equation of a tangent with
their point and their tangent gradient or
11 (x— . . M1 f
Ty J2 = 4ﬁ(x 1) finds ¢ by using e
y = (their gradient)x + "c".
fT; L x+-3  or — 2y 4 32 Correct simplified
Y=mr Xt Y= 8 EXACT equation of tangent Al aef cso
1 1 -1 1 _ _3
Orf_ﬁ(l)+c = C=5F"27 T
Hence T: y =_=x+.5 or y =2y 202

[5]

/

\

zfote: The x and y coordinates
ust be the right way round.

A candidate who incorréctly differentiates tan’t to give
& - 2sec’t or & =sec*tis then able to fluke the

6666/01 Core Maths C4
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correct answer in part (b). Such candidates can
potentially get: (a) BOM1A1+ (b) B1B1B1M1AO cso.
Note: cso means “correct solution only”.

Note: part (a) not fully correct implies candidate can
achieve a maximum of 4 out of 5 marks in part (b).
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Question Scheme Marks
Number
HY
sin“t .
6. (c) X =tan’t = > y = sint
cos“t
Way 1
HY
X = Ltz Usescos’t = 1—sin’t | M1
1-sin“t
X = y2 Eliminates ‘t” to write an equation M1
1— y2 involving x and y.
X(1-y*)=y® = x-xy* =y?
) ) 201 Rearranging and factorising with an
x=y +xys = x=y(1+x) attempt to make y 2 the subject. ddm1
y2 =2 X AL
1+ X 1+x
[4]
Aliter
6. (c) 1+cot’t = cosec’t Uses1l+cot’t = cosec’t | M1
Way 2
1 N
= — Uses cosec’t = ——— | M1 implied
sin“t sin“t
Hence 1+1 _ i Eliminates ‘t’ to write an equation ddM1
' X y? involving x and y.
X 1 X
Hence, y*= 1- —— or — - or Al
1+x) 1+x 1+ x) 1+X
[4]
1 . ,
1 is an acceptable response for the final accuracy A1 mark.
T
6666/01 Core Maths C4 14 25" June 2007
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(N?ﬂreslglgrn Scheme Marks
Aliter
6. (c) X =tan?t y =sint
Way 3
1+tan’t = sec’t Usesl+tan’t = sec’t | M1
1 2
= 5 Uses sec”t = > M1
cos“t cos“t
3 1
1-sin’t
Hence, 1+X = _ Eliminates ‘t" to write an equation | .\ ./
1-y involving x and y.
1
Hence, y? = 1— or X 1- or = | a1
1+x) 1+x 1+ x) 1+x
[4]
Aliter
6. (c) y? =sin’t = 1-cos?’t Usessin’t = 1-cos®t | M1
Way 4
1
=1- . Uses cos’t = — | M1
sec“t sec”t
1 2 2
=1-—— then uses sec”t =1+ tan“t | ddM1
(1+tan“t)
Hence, y? = 1 - or X 1- ! or = | a1
1+ x) 1+x 1+ x) 1+x
[4]
1 . ,
1 is an acceptable response for the final accuracy A1 mark.
T
6666/01 Core Maths C4 15 25" June 2007
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Question Scheme Marks
Number
Aliter
6. (c) X =tan?t y =sint
Way 5
x=tan’t = tant =+/x
. . M1
Draws a right-angled triangle and places
5 (1+x) both/X and 1 on the triangle
>
< t Uses Pythagoras to deduce the
1 hypotenuse |
Hence, y = sint = Jx Eliminates ‘t to write an equation ddM1.
1+ x involving x and y.
X X
Hence, y* = —— — | A1
1+X 1+x
[4]
12 marks

1 . ,
—isan acceptable response for the final accuracy A1 mark.

X

There are so many ways that a candidate can proceed with part (c). If a candidate produces a correct
solution then please award all four marks. If they use a method commensurate with the five ways as
detailed on the mark scheme then award the marks appropriately. If you are unsure of how to apply the
scheme please escalate your response up to your team leader.
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Question
Number

Scheme

Marks

7.(@)

(b)
Way 1

Aliter

(b)
Way 2

d

0|

Z
16

| Z

8

3z
16

Area z% x % x{ 0+2(0.44600 + 0.64359 + 0.81742) + 1}

0 | 0.445995927...

Enter marks into ePEN in the correct order.

0 can be
implied

| 0.643594252...

=3_"2x 4.81402... = 0.472615308... = 0.4726 (4dp)

Area z%x{

Area z% x % ;x{ 0+2(0.44600 + 0.64359 + 0.81742) + 1}

0+0.44600

0.44600+0.64359

0.64359+0.81742

0.81742+1

2

which is equivalent to:

2

2

2

|

- %x 2.40701... = 0.472615308... = 0.4726

| 0.817421946... |

| =
1

0.446 or awrt 0.44600
awrt 0.64359
awrt 0.81742

Outside brackets
1 T 4
2%1 OF 33

For structure of trapezium

Correct expression
inside brackets which all must

be multiplied by 2.

for seeing 0.4726

16 and a divisor of 2 on all

terms inside brackets.

One of first and last ordinates,
two of the middle ordinates
inside brackets ignoring the 2.
Correct expression inside

brackets if 3 was to be
factorised out.

(3]

Al cao
[4]

Al cao
[4]

Area = £ x £ x {0 + 2(0.44600 + 0.64359 + 0.81742) + 1} = 0.3781, gains BOM1A1A0

In(a) for X =%

16

writing 0.4459959... then 0.45600 gains B1 for awrt 0.44600 even though 0.45600 is incorrect.

In (b) you can follow though a candidate’s values from part (a) to award M1 ft, Al ft

Question
Number

Scheme

Marks

6666/01 Core Maths C4
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j-(\/tanx)2 dx or jtanx dx

7.(¢c) | Volume =(7r)j(\/tanx)2 dx = (ﬁ)jtanxdx Can be implied. | M1
0 0 Ignore limits and ()

tanx — Insec x

or = (n)[—lncosx]f Al

= (7)[Insecx]; or tanx — —Incosx

The correct use of limits on a

- (7;) [(In sec %) _ (In sec 0)] function other than tan x; ie
or X =% ‘minus’ X =0. dM1

= () [(—In cosz) - (In coso)] In(sec0) = O may be

T [In(
7 [ -n

implied. Ignore (7 )

- In(%)} = 7 [InVZ - In1]

ﬁ“»—n ||—\

or

)=In(v)]

o

zinv2or zln2

V2
= zIn\2 or nln% or zzIn2 or —nln(%) or%ln(%) or zIn2 or —ﬂ'ln(%) Al aef
or $In(3)
must be exact. [4]

11 marks

If a candidate gives the correct exact answer and then writes 1.088779..., then such a candidate can
be awarded Al (aef). The subsequent working would then be ignored. (isw)

Beware: In part (c) the factor of 7 is not needed for the first three marks.

Beware: In part (b) a candidate can also add up individual trapezia in this way:

Area ~%.%(0+0.44600) + £.£(0.44600 + 0.64359) + +.(0.64359 + 0.81742) + 1. £ (0.81742 + 1)

16 16

6666/01 Core Maths C4 18 25™ June 2007
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Question

Number Scheme Marks
8. (a) d—P:kP and t=0,P=PR, (1)
dt
Separates the variables with
dpP .
ap J’k dt IF and jkdt on either |
P side with integral signs not
necessary.
Must see InP and kt ;
InP = kt;(+ c) Correct equation with/without + | Al
c.
Whent=0, P =P, = InF, =c Use of boundary condition (1)
K to attempt to find the constant of | M1
(Or P=Ae" = B = A) integration.
INP =kt +InP, = " =e"" " =g e
Hence, P = P, e" P=pPe" | A1
[4]
- expression involving P
e** =2 = Ine*™ =In2 or 2.5t =In2 Eliminates P, and takes |/
Lore® =2 = Ine" =In2 or kt =In2 In of both sides
= t=52In2=0.277258872... days
t =0.277258872... x 24 x 60 = 399.252776... minutes
t =399min t =6 hr 39 mins (t t minute) awrt £ = 399 or
= or t= 0 nearest minute i
—_— 6 hr 39 mins Al
[3]

P = P,e" written down without the first M1 mark given scores all four marks in part (a).

6666/01 Core Maths C4
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Question

Number Scheme Marks
dP
8.(c) E=/1PCOS/H and t=0,P=P, (1
Separates the variables with
dP
_[dFP _ J./lcosit at J'? and j/lcos/ltdt on | g
either side with integral signs
not necessary.
_ Must see INP and sin At ;
InP = sint;(+ c) Correct equation with/without + | Al
c.
Whent=0, P =P, = InF, =c Use of boundary condition (1)
sint to attempt to find the constant of | M1
(or P=Ae"" = B = A) integration.
InP — sin/lt + InPO — eInP — esin/1t+InP0 — esin/lt .eInPO
Hence, P = P,e*"" P=P e | a1
[4]
(d) P=2P, & 1=25 = 2P, =P e""*"
esn2st _ 2 — sin2.5t =In2 Eliminates P, and makes
_—— . . . Ml
Cor. et =2 = sinit=In2 sin At or sin2.5t the.subje?t
_— by taking In’s
t=-Lsin*(In2 Then rearranges
25 ( ) to make t the subject. dM1
(must use sin™)
t =0.306338477...
t = 0.306338477... x 24 x 60 = 441.1274082... minutes
. . . awrt t = 441 or
t =441min or t =7 hr 21 mins (to nearest minute) . Al
—_— 7 hr 21 mins
3]
14 marks
P = p,es"* written down without the first M1 mark given scores all four marks in part (c).
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Question

Number Scheme Marks
d—P:kP and t=0,P =P, (O
dt
Separates the variables with
Aliter dpP . .
8. (2) i_P _ Ildt J‘E and J' dt on either side | ..
Way 2 P with integral signs not
necessary.
Must see +INP and t ;
#InP =t;(+c) Correct equation with/without + | Al
c.
Whent=0, P =P, = ¢{InP, =c Use of boundary condition (1)
K to attempt to find the constant of | M1
(or P=~Ae" = PR :A) integration.
«InP =t++InP; = InP =kt +InP,
= eInP :ekt+InP0 — ekt'eInP0
Hence, P = P, e" P=Pe“ | a1
[4]
Separates the variables with
Aliter dP . .
8. (a) i_g _ Ildt J‘E and j dt on either side | .
Way 3 with integral signs not
necessary.
Must see £In(kP) and t ;
#In(kP) =t;(+c¢) Correct equation with/without + | Al
C.
When £1=0: P =P, = tIn(kP,) =c Use of boundary condition (1)
" to attempt to find the constant of | M1
(or kP = Ae” = kR, :A) integration.
LIn(kP) =t+£In(kPy) = In(kP) =kt + In(kP,)
— eIn(kP) _ ekt+|n(kPO) _ ekt .eln(kPO)
= kP =e".(kP,) = kP =kP,e"
(or kP = kP,e)
Hence, P = P, e" P=Pe" | A1
[4]
Question Scheme Marks
Number
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Aliter

8. (c)
Way 2

d—P = APcosAt and
dt

jd—P = J.cos/It dt
AP

LInP =<sinit;(+c)

PhysicsAndMathsTutor.com

t=0, P =P, (1)

Whent=0, P =P, = 2InP, =c

(or P =A™ = P, =A)

2InP =2sinit++InP, = InP =sinit +InP,

= eInP :e5|n/1t+lnF’0 — esinﬂ;t'e

Hence, P = P,e*""

InP,

edexcel

Separates the variables with
J-d—P and jcos Atdton
AP

either side with integral signs
not necessary.

Must see £InP and 1+sin At ;

Correct equation with/without +
C.

Use of boundary condition (1)

to attempt to find the constant of
integration.

_ sin At
P=Pe

M1

Al

M1

Al
(4]

P = P,e" written down without the first M1 mark given scores all four marks in part (a).

P = P, e written down without the first M1 mark given scores all four marks in part (c).
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(N?ﬂresggrn Scheme Marks
%—TziPcos}tt and t=0,P=P, (1
Separates the variables with
Aliter dP
8.(c) Id—P = Icoslt dt J‘ﬁ and J'cos/ltdt o M1
Way 3 AP

either side with integral signs
not necessary.

Must see In(AP) and

1In(AP) = Lsinat;(+ c) Zsinat; | a1
Correct equation with/without +
c.
Whent=0, P =P, = 1In(4R,)=c Use of boundary condition (1)
sint to attempt to find the constant of | M1
(or AP = Ae = AP, = A) integration.
LIn(AP) = 1sin At +1In(4P,)
= In(AP) = sinAt +In(AR,)
= eln(/lp) _ esin/luln(/lpo) — gsinit .eln(lPD)
= AP = e (AP,
(or AP = APe""")
Hence, P = P,e*"" P=Pe™™ | a1

(4]

e Note: dM1 denotes a method mark which is dependent upon the award of the previous method mark.
ddM1 denotes a method mark which is dependent upon the award of the previous two method marks.
depM1 * denotes a method mark which is dependent upon the award of M1
ft denotes “follow through”
cao denotes “correct answer only”
aef denotes “any equivalent form”
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6666 Core Mathematics C4

Mark Scheme

Question

Number Scheme Marks
z zZ 3z
» Jo| & | s | x|
y| 0 [ 1.844321332... | 4.810477381... | 887207 | O
awrt 1.84432 | B1
awrt 4.81048 or 4.81047 | B1
0 can be [2]
implied
Outside brackets
awrt 0.39 or 3xawrt 0.79 | g1
TxXZor &
1 For structure of trapezium
(b) Area zExZ ;x{0+2(1.84432+ 4.81048 + 8.87207)+0} w{ _____________ } _1[
Way 1 -
Correct expression
inside brackets which all must \/—
be multiplied by their “outside Al
constant”.
=%x 31.05374... = 12.19477518... =12.1948 (4dp) 12.1948 | Al cao
(4]
Z (orawrt 0.79 ) and a divisor
Area ~ lx{ 0+1.84432 +l.84432+4.81048 + 4.81048+8.87207 +8.87207+0} Of 2 on a" terms inSide Bl
~ g 2 2 2 2
brackets.
Aliter One of first and last ordinates,
Way 2 inside brackets ignoring the 2.
1 Correct expression inside
factorised out.
=%x 15.52687... = 12.19477518... =12.1948 (4dp) 12.1948 | Al cao
[4]
6 marks

Note an expression like Area z%x% +2(1.84432 + 4.81048+ 8.87207) would score BIM1A0AQ
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Question

Scheme Marks
Number
** represents a constant
(which must be consistent for first accuracy mark)

Takes 8 outside the

2. (a) (8—3x)% = (8’ [1_%j _ 2(1_3_X) bracket to glvelany of Bl
—\ 8 8 (8 or 2.
Expands (1+** X)% to

give asimplified oran | ;.

un-simplified '
L+ (G)(*9);

_ 1y oy, G )( D) (ax BDEDED) we I
=231+ (F*x); +——5( X)* —I( X)® +... A correct simplified or an
3! un-simplified
ith %% 2 1 f— } expansion with | A1 /-

candidate’s followed
through (**x)
2 2 Award SC M1 if you see
{1+( - e, DEIE) Cae } OCD ey, DD oy
=2{1-3x- &% - 55X - Either 2{1—1x ...} or

anything that | A1;
.1 ; 1o 5 s cancelsto , 1,
4 32 768 . - 2 3

Simplified -5 x* - =% | Al

[5]

. 1 1 5 Attempt to substitute

(b) (7.7)F = 2 = =(0.1) - —(0.1)*> — ——(0.1)* — ... x =0.1 into a candidate’s | M1
4 32 768 binomial expansion.

=2 —0.025 - 0.0003125 — 0.0000065104166...
=1.97468099... awrt 1.9746810 | Al
[2]
7 marks

You would award BIM1AO for

) N oy s If you see the constant term “2” in a
2 1+(1)(—3X)+( )( 3 ey, OE )( )( )+ } candidate’s final binomial expansion,
then you can award B1.

because ** is not consistent.

Be wary of calculator value of (7.7)% = 1.974680822...
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Question Scheme Marks
Number
Aliter
2. (a) (8-3x)°
Way 2
2 or(8)* (See note 1) | B1
Expands (8—3x)% to give
1 2 ( )(—2) s an un-simplified or
3 1 3(** * % .
@ @O (i@ (0’ Smplified | ML
- 2 3 1 -5 (%* y)-
()( )( 3) (8) (**X) (8) +(3)(8). ( .).()1
A correct un-simplified
or simplified
with ** =1 f— } expansion with | A1 /-
candidate’s followed
through (**x)
1 2 2 -
©)* +(2)(8) " (-3x);+ ( )( )(8)”( —3x)° Award SC(E)(I\/ZI)l if you see
= TR Ok
- 2 2!
()( )( 3) (8) ( 3X) +(%)(7§!)(7g)(8)%(**x)3
= {2+ @30 +(-DFH)OX) + (H(FE)(27%) + ...}
Anything that
cancelsto ,_1
11, 5 2738 | AL
=2-=X ==X = ==X —.. 1
477 32 768 or 2{1-4x....}
Simplified -4 x*—-%x° | A1
[5]

Attempts using Maclaurin expansion should be escalated up to your team leader.

Be wary of calculator value of (7.7)% = 1.974680822...

If you see the constant term “2” in a
candidate’s final binomial expansion,
then you can award B1.
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Question

Number Scheme Marks
b 2 b _ 2
3. Vqumezﬁj( ! j dx = 72'-[ ! ~ dx USEOfV_ﬁI_de' B1
_Ja\2x+1) a (2X +1) Can be implied. Ignore limits.
b -2
= 7Z'J‘ (2x+1) " dx
ex+1*]"
ol
0@ |,
_ b Integrating to give = p(2x+1)™" | M1
=(7)| —:+@2x+1)" J .
F s -+(2x+1)" | AL
_ (”)_ -1 ) (-1 Substitutes limitsof band aand | /.,
2(2b +1) 2(2a+1) subtracts the correct way round.
_m| 2a-1+42b+1
2| (2a+1)(2b+1)
T 2(b-a)
2| (2a+1)(2b+1)
~ n(b-a) r(b-a)
(2a+1)(2b+1) (2a+D)(2b+1) | ALaef
[5]
5 marks
Allow other equivalent forms such as
b —ra —r(a—h) 7z(b—a) b —ra
(2a+1)(2b+1) (2a+1(2b+1) 4ab+2a+2b+1 4ab+2a+2b+1"

Note that 7 is not required for the middle
three marks of this question.
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Question Scheme Marks
Number
Aliter b 2 b _ 2
3. VqumezﬁJ( L j dx = ﬁj.;zdx UseOfV_”-[_ydx' B1
Way 2 _Ja\2x+1) a (2X +1) Can be implied. Ignore limits.
b -2
= 7rJ. (2x+1) " dx
Applying substitution u=2x+1 = % =2 and changing
limits x ->u sothat a—»2a+1 and b—2b+1, gives
2b+1 U*Z
= —du
(ﬂ) I2a+1 2
r 2b+1
u—l
-0 5
L(D@) ],y
- L q2b+1 Integrating to give + pu™ | M1
=(z) 2 ] —
- ax —3U Al
[ 1 1 Substitutes limits of 2b+1and
= (ﬁ) [Z(Zb +1)J - {Z(Za +1)j 2a+1and subtracts the correct | dM1
- way round.
_rm| 2a-1+ 2b+1
2| (2a+1)(2b+1)
T 2(b-a)
2| (2a+1)(2b+1)
_ rn(b-a) z(b—a)
(2a+1)(2b+1) (2a+1)(20+1) | ALaef
[5]
5 marks
Note that 7 is not required for the middle
three marks of this question.
Allow other equivalent forms such as
b —ra —r(a—h) or z(b—a) or b —ra
(2a+1)(2b+1) (2a+1)(2b+1) dab+2a+2b+1  4dab+2a+2b+1
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Question

Number Scheme Marks
. du 3
u= In (E) & = i = %
4. (i) J.In(g) dx = J.l.ln(g) dx = ; 2
d =1 = V=X
dx
Use of ‘integration by parts’
formula in the correct | M1
X = x| xi
J.In(z)dx xIn(3) Jxxdx direction.
Correct expression. | Al
An attempt to multiply x by a
=xIn($)-|1dx .
(2) I‘ candidate’s 2 or X or L. dm1
= Xln(é)— X+C Correct integration with + ¢ | Al aef
[4]
(ii) rsinzxdx
[NB: cos2x =+1+2sin*x orsin®x =4(+l+ cos ZX)] Consideration of double angle |
formula for cos 2x
= r 1= cos2x dx _1 F (1—cos2x) dx
z 2 2J;
Integrating to give
- rainoy 1F taxthbsin2x;a,b =0 M1
- _[ X~ 3sIneX L Correct result of anything
equivalent to X —2sin2x Al
-1 (l_M) (= _sn(3) . ..
2|27 2 472 Substitutes limits of Z and £
and subtracts the correct way | ddM1
round.
=3[G-0-(G-9]
=1(£+1) =z+1 L(z+1) or 2+ or £+2 ,Céi)aef,
Candidate must collect their [5]
7 term and constant term
together for Al
No fluked answers, hence cso.
9 marks

/

Note: jln(g) dx = (theirv)|n(g)—j(theirv).(theirg—g)/dx for M1 in part (i)

Note £+ = 0.64269...
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Question

Number Scheme Marks
Aliter
4. (1) J.Ini Jlnx In2 dx—jlnxdx—J.Inde
Way 2 2
du
u=Inx = Pl
IInxdx:jl.lnxdx: X
dv
—=1 = V=X
dx
_ vy Use of ‘integration by parts’
Ilnx dx = xinx .[X'X dx formula in the correct | M1
direction.
—xINX—X4+cC Correct integration of In x Al
with or without + ¢
J|n 2dx = xIn2+c¢ Correct integration of In2 M1
with or without + ¢
Hence, J'm(%) dx =xInx—x-xIn2+c Correct integration with + ¢ | Al aef
[4]

/

Note: Iln x dx = (their v)In X—J.(their v).(their %) dx for M1 in part (i).
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Question

Number Scheme Marks
Aliter
4. (i) j| ) d
Way 3 n(3) dx
. . du 1
Uu=%=>—==
dx 2
Applying substitution
correctly to give
jln(g)dx:ZIlnu du jln(g)dx=2jlnu du
Decide to award
2" M1 here!
J'Inu dx = Il.lnu du
Use of ‘integration by parts’
J'Inu dx = ulnu —ju.% du formula in the correct | M1
direction.
—ulnu—u-+c Correct integration of Inu |,
with or without + ¢
Decide to award
2 M1 heret | M1
Jln(g)dx =2(ulnu—u)+c
Hence, J'ln(%) dx =xIn(%)-x+c Correct integration with + ¢ | Al aef
[4]
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Question Scheme Marks
Number
Aliter
4. (ii) rsinzxdx=rsin xsinxdx and | =Isin2xdx
Way 2 z z
u=sinx = < =cosx
& =sinx = V=-C0SX
. {—sin KCOS X 4 Icosz X dx} An attempt to use the correct |\,
by parts formula.
o= {—sin xcosx+_“(1—sin2 x)dx}
'[sinz X dx = {—sin xcosx+I1 dx — Jsinz X dx}
ZJ‘sin2 X dx = {—sin XCOS X + J.l dx} For the LHS becoming 21 | dM1
ZJ‘sin2 x dx = {—sinxcosx + X}
Jsinz X dx = {—%sin XCOS X + g} Correct integration | Al
rsinz X dx = [(—%sin(g) cos(Z) + %) - (—%sin(%) cos(Z) + (?)} Substitutes limits of Z-and 4
§ and subtracts the correct way | ddM1
= [(0+%) - (_%+%)] round.
P P P x Al aef
SE 1(£+1) or 2+ or 2+2 o
Candidate must collect their [5]

7 term and constant term
together for Al
No fluked answers, hence cso.

Note £+ = 0.64269...

10
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Question

Number Scheme Marks
5. (a) x*—4y? =12xy  (eqn *)
X=-8 = —512—-4y® =12(-8)y Substitutes x =-8 (at least once) into * to
2 _ / obtain a three term quadratic iny . | M1
~512-4y" = -96y Condone the loss of =0.
4y*-96y+512=0
y? —24y+128=0
(y-16)(y-8)=0 .
An attempt to solve the quadratic in y by
either factorising or by the formula or by | dM1
y= 24+ /576 4(128) completing the square.
2
Both y=16 and y=_8.
=16 or y=8. N
y g or (-8,8) and (-8,16). Al
[3]
Differentiates implicitly to include either
iy dy dy +ky < or12x. Ignore & =... M1
(b) Loy 3xP -8y —=;=|12y +12x—= " " "
Bx dx dx Correct LHS equation; | A1,
Correct application of product rule | (B1)
dy _ 3x*-12y ) i ired
o 12x:8v 8y not necessarily required.
@(-8.8) dy 3(64)-12(8) 96 Substitutes x =—8 and at least one of their
" dx 12(-8)+8(8) -32 — y-values to attempt to find any one of <. M1
@ (-8,16) dy _3(64)-12(16) _ 0 _ One gradient found. | A1
7 dx o 12(-8)+8(16) 32 Both gradients of -3 and 0 correctly found. | Al cso
[6]
9 marks

11
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Question

Number Scheme Marks

Differentiates implicitly to include either

Aliter +ke? & or 12y . Ignore & = | M1
5. (b) {@ X} 3X2%—8y; =(12y%+ 12x j & Yo - 10 dy
y y

Way 2 % Correct LHS equation | Al;
Correct application of product rule | (B1)
dy 3x*-12y . .
o = m not necessarily required.
Substitutes x =—8 and at least one of their
@ (-8,8), dy _3(64)-12(8) _ 96 _ -3, y-values to attempt to find any | yp1
dx 12(-8)+8(8) -32 — one of & or &
dx dy *
dy 3(64)-12(16 0
@ (-8,16), dy _3(64)-1206) _ 0 _ 0. One gradient found. | Al

dx 12(-8)+8(16) 32 _
Both gradients of -3 and 0 correctly found. | Al cso

[6]

12
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Question Scheme Marks
Number
Aliter
5. (b) x*—4y? =12xy (eqn *)
Way 3
4y* +12xy —x*=0
—12X + /1447 — 4(4)(-X°)
y =
8
—12x * 4/144%* +16X°
y =
8
_12x+ 4 9%% + X
- 8
y=-3x+ %(9x2 + xa)%
A credible attempt to make y the subject
and an attempt to differentiate either —2 x
dy 3 2 3)? 2 2 M1
<L =3+ L1(L)(9x*+x°) “;(18x+3x 1
dx 2 2(2)( ) ( ) or %(9x2+x3)2.
dy_ 3, 18X + 3% %z—%ik(9x2+x3)%(g(x)) Al
dx 2 409%° +X°)? dy P
i —3 1 1(4)(9% +x°) *;(18x+3x) | Al
dy 3 18(-8) +3(64) . .
X=-—8 = =-=+¢ S Y
@ X 2 4964+ (512)) Substitutes x = -8 find any one of <. | dM1
.3, 48 _ 3,48
2 4J64) 2 32
Loy 3 4 3 _ 0 One gradient correctly found. | Al
Tdx 272 — 7 Both gradients of -3 and 0 correctly found. | Al

[6]

13
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Question

Number Scheme Marks
2 3
6.( |OA=|6| & OB=|4
-1 1
3 2 1 Finding the difference ML+
AB=OB-OA=|4|-|6|=|-2 between OB andOA. -
1 -1 2 Correct answer. | Al
_ [2]
An expression of the form
2 1 3 1 (vector) + A(vector) | M1
L:r=|6 |+A|-2| or r=|4|+4|-2 r:d&iﬂ(theirﬁ)or
-1 2 1 2 . R
r = OBJ_r/l(thelr AB) or
(b) _ Ay
-1 3 -1 r = OA+ A(their BA)or | 4ef
L:r=|6|+A 2| or r=|4|+4| 2 rzﬁﬁii(theiréﬁ)
-1 -2 1 -2 .
(ris needed.)
[2]
0 1 1
(c) L:r={0|+x/0| = r=x0
0 1 1
AB=d,=i-2j+2k,d,=i+0j+k & 6 isangle
1 1
- —210/0/ « Considers dot product
cosge Bed, 2)\1 between d, and their AB. ML
(8| Ja.])  (Vor+ 27+ @ Vo +©@ +@?)
cos 0 = 1+0+2 Correct followed through AL
\/(1)2 +(-2)*+(2)? _\/(1)2 +(0)2 +(1)? expression or equation.
cos @ = i = 0=45" or £ or awrt 0.79. 0 =45 or Z or awrt 0.79 | Al cao
3.2
[3]

This means that cos@ does not

necessarily have to be the subject of
the equation. It could be of the form

3J/2cos6 =3.

14
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Question

Number Scheme Marks
2 1 1
6. (d) If I, and |, intersect then: 6 |+A| 2| =u|0
-1 2 1
ii 2+A=up 1) Either seeing equation (2) written
‘. down correctly with or without any
: 6-21=0 2 . . .
] . (2) other equation or seeing equations M1y
Ki-1+22=u ) (1) and (3) written down correctly.
Attempt to solve either equation (2)
(2) yields 1 =3 or simultaneously so_Ive any two of | dM1
. the three equations to find ...
Anytwo vyields 1=3, u=5
either one of 4 or u correct. | Al
5
2 1Y) (3 1)y (3 0 | or 5i+5k
lL:r=|6|+3 -2|=|0] or r=5/0(=|0 5 Al cso
-1 2 i 1 5 Fully correct solution & no incorrect
values of A or u seen earlier.
[4]
Aliter 3 1 1
6. (d) If I, and I, intersect then: |4 |+ A| -2 | = x| 0
Way 2 1 2 1
i: 3+A=u @) Either seeing equation (2) written
. _ down correctly with or without any
: 4-21=0 2
] _ (2) other equation or seeing equations M1y
ki 1+24=u ) (1) and (3) written down correctly.
(2) vyields A =2 Attempt to solve either equation (2)
Anvi ields 4 2 _5 or simultaneously solve any two of | dM1
nytwo wields A=z, u= the three equations to find ...
either one of A or u correct. | A1
5
3 1y (5 1) (5 0 | or 5i+5k
L:r=[4|+2/-2|=|0] or r=5/0(=|0 5 Al cso
1 2 i 1 5 Fully correct solution & no incorrect
values of 1 or u seen earlier.
[4]
11 marks

Note: Be careful! A and u are not defined in the question, so a candidate could interchange these or use different scalar

parameters.

15
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Question

Number Scheme Marks
Aliter 2 -1 1
6. (d) If I, and |, intersect then: 6 |+ 2 ul 0
Way 3 -1 -2 1
i: 2-A=u @ Either seeing equation (2) written
.. down correctly with or without any
© 6+24=0 2 . . .
J . " (2) other equation or seeing equations M1y
ki-1-2A=p ©) (1) and (3) written down correctly.
Attempt to solve either equation (2)
(2) vyields 2 =-3 or simultaneously solve any two of | dM1
i the three equations to find ...
Anytwo vyields A=-3, u=5
either one of A4 or u correct. | A1
5
2 1) (5 1) (5 0 | or 5i+5k
|1:I’= 6 |-3 2 |=|0| or r=5/0|=|0 5 A1l cso
-1 -2 i 1 i Fully correct solution & no incorrect
values of 1 or u seen earlier.
[4]
Aliter 3 -1 1
6. (d) If I, and I, intersect then: |4 |+ A| 2 | = |0
Way 4 1 -2 1
i: 3-A=u @) Either seeing equation (2) written
‘. _ down correctly with or without any
4424 =0 2 . . .
] . " 2) other equation or seeing equations M1y
ki 1-24=u ©) (1) and (3) written down correctly.
(2) yields A =-2 Attempt to solve either equation (2)
Anvt ields A= -2 =5 or simultaneously solve any two of | dM1
Nytwo yields A =-z, p= the three equations to find ...
either one of A4 or u correct. | Al
5
3 -1} (5 1) (5 0 | or 5i+5k
lL:r= -2/ 2 |=|0] or r=5/0 0 5 Al cso
1 -2 i 1 i Fully correct solution & no incorrect
values of A4 or u seen earlier.
[4]
11 marks

16
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Question Scheme Marks
Number
7.(a) x=In(t+2), y:i : &1 Muststate &= 1 | B1
t+1 dt t+2 dt t+2
1
Area = | —dx.
In4 1 2 1 1 rea J.t+1 X Ml;
Area(R) = J. ;:J‘ (—j(—jdt Ignore limits.
2 t+1 o\t+1)\t+2 1 1
—— |x| ——|dt. Ignore limits.
I(t+1)x(t+2) g AL AG
Changing limits, when: o
=In2 =In2=In(t+2) = 2=t+2 =t=0 - Czhan%esh?:ts:a; B1
—In4 =Ind=In(t+2) = 4=t+2 =t=2 sothatine—0andIn4 -
2 1
Hence, Area(R) = J. ——(t
o (t+1)(t+2)
[4]
(b) 1 = A + B i+—withAandBfound M1
(t+1)(t+2) t+1) (t+2) (t+1) (t+2)
1=A(t+2)+B(t+1
Lett=-1 1=A(l) = A=1 Finds both A and B correctly.
Can be implied. | Al
Lett=-2, 1=B(-1) = B=-1 (See note below)
I S S L SN T
o (t+1)(t+2) o (t+1) (t+2)
Either +aln(t+1) or +biIn(t+2
= [Int+1) -In(t+2) ] (t+) (t+2) [ dm1
0 Both In terms correctly ft. | A1/
= (IN3-In4) — (In1-In2) Substitutes both limits of 2 and 0 ddML
and subtracts the correct way round.
In3—In4+In2or In(2)-In(%)
= In3-In4+In2=In3-In2=1In(3) | Alaefisw
or In3-In2 or In(%)
(must deal with In 1) [6]
£ d L f b
Writing down = + means first M1AO0 in (b).
Takes out brackets. g t+Dt+2) (t+1) (t+2) (b)
Writing down = ! means first M1ALl in (b).
(t+D(t+2) (t+D) (t+2)

17
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Question

Number Scheme Marks
1
x=In(t+2), =—
( ) y t+1
. 5 oy Attempt to make t =... the subject | M1
7.(c) e=t+2 = t=e - giving t=e* -2 | Al
1 1 Eliminates t by substituting iny | dM1
- — y= . 1
Y e 2 Y=o giving y ==— Al
[4]
1 1 1-y .
: t+l=— = t=—-1 or t=—+ Attempt to make t =... the subject | M1
Aliter y y y
7.(c) 1- 1 1-
Way 2 yt+1)=1 = yt+y=1 = yt=1-y :tzTy Giving either t=—-1 or t==—Y Al
y y
1 1-y . S
x=1In §—1+2 or x=In T+2 Eliminates t by substituting in x | dM1
x=|n(£+1]
y
e'=—+1
h —1=l
y
- giving y= Al
y_ex—l e’ -1
[4]
(d) Domain: x>0 x>0o0rjust>0 | B1
[1]
15 marks
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Question

Number Scheme Marks
Aliter Attempt to make t+1= ... the subject | M1
1 1 Eliminates t by substituting iny | dM1
Yt T YT giving y=—"— | Al
e -1
[4]
Aliter 1 1 1 Attempt to make t +2 =... the subject | M1
7.(c) t+l=— = t+2=—+1 or t+2=ﬂ . 1 1+y
Way 4 y y y Eithert+2=—+1or t+2=—- | A1
Yy y y
1 1+y . S
x=1In ;+1 or Xx=In T Eliminates t by substituting in x | dM1
x:ln(£+1]
y
eX_1+1 = e -1==
y y
1 . 1
= iving y=—— | Al
y =1 giving y o 1
[4]

19
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Number Scheme Marks
dv dv .
8.(a) E=16OO—C\/H or —t=1600— kvh, Either of these statements | M1
dh dh dv 4000
dh dh dv 4
_ = X — = —
d¢t dv dt 4
Either, dh_ 1600—cvh _ 1600 cvh =0.4-kv/h
dt 4000 4000 4000 dh
Convincing proof of m Al AG
o dh_1600-kvh 1600 kvh _04—k<h
dt 4000 4000 4000
[3]
dv
(b) When h =25 water leaks out such that pra 400
400 = cv/h = 400 = c~/25 = 400 =¢(5) = ¢ =80
c 80 .
From above; k=——=——=0.02 as required Proof that k=0.02 | B1 AG
4000 4000
_ [1]
Aliter
(b) 400 = 4000k +/h
Way 2
= 400 = 4000k ~/25
Using 400, 4000 and h =25
= 400 =k (20000) = k = 555 = 0.02 or vh =5. Proof that k =0.02 | Bl AG
[1]
Separates the variables with
dh dh dh . i
c —=04-kvh = J.—z Jdt j— and Jdt on either side | M1 oe
© dt 0.4—kvh 0.4-kvh
with integral signs not necessary.
. . 100 1 +0.02
.. time required :j
0 04-0.02/h  +0.02
d 100 50 dh
time required = j Correct proof | A1 AG
| o 20-+h P
[2]

20
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Number
P50 4h with substitution h= (20— x)?
8. (d J. with substitution h=(20-x
() 0 20—\/F
Ll =2(20-x)(-1) or dh =-2(20-x) Correct dh Bl aef
dx dx dx
h=(20-x)> = vh =20-x = x=20-+/h
50 50 i/lj 20=X i4x or
—dhzj—.—220—x dx X M1
j 20-+/h X ( ) 20-x o
20— (20—x)
where A is a constant
=1ooj X204
X
= 100I (1— EJ dx
X
+ax+ :
=100(x—-20Inx) (+c) taxtfinx;a, 0| M1
100x —2000Inx | Al
change limits: when h=0 then x =20
and when h=100 then x =10
100
I 20 _ 4 = [100x-2000Inx]"
0 20_\/H 20
100 100
or I 0 _ gh - [100(20—\/5)—2000In(20—\/ﬁﬂ
o 20-+/h 0 Correct use of limits, ie. putting
them in the correct way round
_ B B B Either x=10 and x=20
= (1000 -2000In10)— (2000 —2000In 20) or h=100 and h=0 ddm1
= 2000In20—-2000In10—-1000 Combining logs to give...
2000In2-1000
= 2000In2-1000 or —2000In(%)—-1000 | AL a€f
[6]
(e) Time required = 2000In2-1000 = 386.2943611... sec
= 386 seconds (nearest second)
= 6 minutes and 26 seconds (nearest second) 6 minutes, 26 seconds | B1
[1]
13 marks
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Question Scheme Marks
X 0 0.4 0.8 1.2 1.6 2
1' (a) y eO e0.08 e0.32 e0.72 e1.28 eZ
ory 1 1.08329 1.37713... | 2.05443... 3.59664... 7.38906...
Either e**and e'* or
awrt 1.38 and 3.60 B1
(or a mixture of e’s and
decimals)
[1]
Outside brackets ]
1x04 or 02 | B
W(b) | | Area ~L0a4 ;X[ e®+2(e°® + &%+ " + &%)+ e’ ] For structure of
ay 2 trapezium MLy
rulef e, i1
=0.2x 24.61203164... = 4.922406... = 4.922 (4sf) 4.922 | Alcao
[3]
Aliter - 04008 008 032 0324072 072 1 gl 28 e2.02° 0.4 and a divisor of 2 on
(b) Area = 0'4{ z "7z T 7z T77 T 77 gl terms inside brackets. B1
Way 2

One of first and last

which is equivalent to: ordinates, two of the f
middle ordinates inside

brackets ignoring the 2.

|§
=

1
Area zEX 0.4 ;x[ e’ + 2(e°'08 +e%% 4 g0 4 e”g) +e? ]

=0.2x 24.61203164... = 4.922406... = 4.922 (4sf) 4.922 | Alcao
[3]

4 marks

Note an expression like Area z%x0.4 +e° + 2(e°'°8 +e%% 4 e 4 e1'28) +e* would score BIM1A0

Allow one term missing (slip!) in the () brackets for

The M1 mark for structure is for the material found in the curly brackets ie
[ first yordinate + 2(intermediate fty ordinate) +final y ordinate :|
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u=x = %=1
2. (a
@ L= = v=e
Use of “integration by parts’
Ixex dx = xe* _j‘ e* 1 dx formula in the correct direction. | M1
' (See note.)
Correct expression. (Ignore dx) | Al
= xe" —j e’ dx
=xe* —e* (+¢c) Correct integration with/without + ¢ | Al
[3]

(b) {u:x2 = g—‘;=2x}
M= => v=¢'
Use of ‘integration by parts’ formula
2 o M1
in the correct direction.
Al

_fxzex dx = x“e* —_fex.2x dx
Correct expression. (Ignore dx)

= x%* —ZI xe* dx
Correct expression including + c.
(seen at any stage! in part (b)) | A1 ISW

=x’e —2(xe* —e*) +¢c
You can ignore subsequent working.
[3]

Ignore subsequent working

=ex(x2—2x+2)+c

6 marks

{z x2e* —2xe* +2e* + c}

Note integration by parts in the correct direction means that u
and & must be assigned/used as u = x and $-=e” in part (a)

fAar Avamnla

+ c is not required in part

@.
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Number
dA
3@ | From question, 9A 0032 dat 0.032 seen | gy
dt o i
or implied from working.
Ae X’ — dA P - 2'7:x by itself sgen B1
dx or implied from working
dx dA dA 1 0.016
—=—+— = (0032)—; 4= 0.032 + Candidate'sd—A; M1;
dt  dt dx 27X X dx
When x=2cm, % = 0.016
2r
Hence, % = 0.002546479... (cm s™) awrt 0.00255 | Al cso
[4]
(b) V = zx*(5x) =57 x° V =zx*(5x) or 57x° | Bl
dv , (Z—\; =157 x*
—=157x
dx g or ft from candidate’s V B1Y
in one variable
dv dv dx , [ 0.016 . dv  dx
=T 2 — 157X ;1= 0.24x Candidate’s — x —;
at  ax At (ﬁx]{ } andidate’s “ox g | MLV
When x=2cm, (:j_\t/ =0.24(2) =0.48 (cm’s™) 0.48 or awrt 0.48 | Al cso
[4]
8 marks
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4. (a) 3> -y’+xy=4 (eqn *)
Differentiates implicitly to include either
+kyg or x§. (Ignore (% =)) M1
%x 6X—2y dy +ly+ Xd_y -0 Correct application ( ) _of product rule | g1
Bx dx dx |~ =
(3X2_y2)_>[6x—2y g—yJ and (4—-0) | AL
_ox
y = —ox-y or ay = Sx+y not necessarily required.
dx X—2y dx 2y-x
d 8 _6 _ 8 - - dy 8 - -
ay _o X-y _9° Substituting —= = — into their M1
dx 3 X—2y 3 dx 3 .
equation.
giving —18x — 3y =8x — 16y
Attempt to combine either terms in x
giving 13y = 26x or terms in y together to give either | dM1 =
ax or by.
Hence, y=2x =>y-2x=0 simplifying to give y —2x=0 AG | Al cso
[6]
(b) AtP & Q, y=2x. Substituting into egn *
gives 3x° — (2x)* + x(2x) = 4 . Attempt replacing y by 2x M1
in at least one of the y terms in eqn *
Simplifying gives, xX*=4 = x=+2 Either x=2o0r x=-2 | Al
y=2x = y==%4
Hence coordinates are (2,4) and (-2,—4) Both (2,4) and (-2,-4) | A1
[3]

9 marks
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Number Scheme Marks

** represents a constant (which must be consistent for first accuracy mark)
5. (a) 1

Ja=30

= (4-3x)" =(4)" (1—%) =%(1—%j 2 (4)7 or 1 outside brackets | B1

Expands (1+** x)’% to give a
simplified or an un-simplified | M1;
L+ (D)

:%{ L+(-2)(**x);+ =2(=3) (%3024 . } A correct simplified or an un-
2! simplified | .......... | expansion

with candidate’s followed ALY
with ** =1 through (**x)
1 Award SC M1 if you see

_§|:1+(_%)(_3TX)+( 2)( 2)( 3x) 4. :|

(o0 + ED oy

L1+ ] _
Al isw
=4 1+3x+ X+ ] SC: K[ 1+3x+ &X' +..
A 25X | | AL isw
1 3 27 , .
=E+Ex; + ﬁx + .. Ignore subsequent working
[5]
(x+8) 1 3 . 27 2 Writing (x +8) multiplied by
(b) e PR TIRPT candidate’s part (a) | M1
expansion.
- Ly 3y2 4 Multiply out brackets to find '
. 127 , a constant term, two x terms | : M1
A+ XX Fo and two x* terms. | | |
- .33, Anything that cancels to A/
= 4+2x,+3—2x + .. 33 y Al: AL
4+ 2Xx,
[4]
9 marks
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Question Scheme Marks
Number
6. (2) | Lines meet where:
-9 2 3 3
O|+A| 1| =1]1|+u-1
10 -1 17 5
10 -9+22=3+3u () Need any two of these correct
Any two of j: A =1- pu (2) equations seen anywhere in part | M1
k: 10-1 =17+5u  (3) (a).
Attempts to solve simultaneous
(1)-2(2) gives: -9=1+5uy = u=-2 equations to find one of | dM1
either 1 oru
(2) gives: 1=1--2=3 Both A=3& u=-2 | A1
Substitutes their value of either
-9 2 3 3 L or p into the line I, or I,
r=0[+3 1 or r=|1]|-2-1 respectively. This mark can be | ddM1
10 1 17 5 implied by any two correct
components of (-3, 3, 7).
3 -3
- o 3| or -3i+3j+7k
Intersectat r=| 3 | or r=-3i+3j+7k 7 — | Al
7 =~ 7
- or (-3,3,7)
Either check thatA =3, u=-2
Either check k- in a third equation or check
A= 3: LHS=10-1 =10-3=7 that2=3, | 5,
f=-2: RHS=17 + 54 =17 -10=7 | M=—2 give the same
coordinates on the other line.
Conclusion not needed.
(As LHS = RHS then the lines intersect.) [6]
(b) d,=2i+j-k , d,=3i—-j+5k
Dot product calculation between the
2 3 two direction vectors:
Asd,ed, =| 1 |o[ -1| = (2x3)+(Lx-1) + (-1x5)=0 (2x3)+(1x-1) + (-1x5) | M1
-1) {5 or6-1-5
Then |, is perpendicular to I,. Result ‘=0’ and Al

appropriate conclusion

[2]
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Question Scheme Marks
Number
6. (c) |Equatingi; -9+21=5 = A=7
-9 2 5 Substitutes candidate’s 4 = 7 into
r=0|+7 1 1=|7 the line I; and finds 5i + 7j+ 3k . | 5,
10 -1) 3 The conclusion on this occasion is
(= OA. Hence the point A lies on I,.) not needed.
[1]
(d) Let OX =-3i + 3j + 7k be point of intersection
Finding the difference between
3 (5 o their OX (can be implied) and
. OA.
AX=0X ~OA=|3 |-|7|=|-4 3y ey | MLV
! 3 4 AX=+||3|-|7
7 3
OB = OA + AB = OA + 2AX
5 -8 5
OB =|7|+2| -4 7|+ 2| their AX | | gm1+/
3 4 3
-11
I e __ o -1 | or -11i — j+11k
Hence, OB =| -1 | or OB =-11i — j+ 11k 1 — | Al
11 -_—
~7 or (-11,-1,11)
[3]
12 marks
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Question Scheme Marks
Number
@ |2 2 __ A B
4-y" (2-y)2+y) (2-y) (2+y)
Forming this identity.
2=A2+y)+B(2-Y) NB: A & B are not assigned in | M1
this question
let y=-2, 2=B(4) = B=1%
Let y=2, 2=A(4) = A=1 Either one of A=1 or B=1 | Al
} } ; ;
giving + + ,aef | A1 cao
(2-y) (2+y) (2-y) (2+Y) -
(If no working seen, but candidate writes down [3]

correct partial fraction then award all three marks. If
no working is seen but one of A or B is incorrect then
MOAOAO.)




PhysicsAndMathsTutor.com

Question

Number Scheme Marks

dx Can be implied. Ignore the | B1

7. (b) J» 2 j 1 Separates variables as shown.
integral signs, and the ‘2.

In(secx) or —In(cosx) | B1
Either taln(A-y)or £bin(A+y) | M1;

5 —3In(2-y) + 3In(2+y) = In(secx) +(c) theirj'L dx = LHS correct with ft

cot x

for their A and B and no error | A1y
with the “2” with or without + ¢

Use of y=0and x=% inan

y=0x=5 = —3In2+3In2= |n(cosl(£)) +C integrated equation containing ¢ | M1*

3

{Ozln2+c = c=—|n2}

—3In(2—y) + 3In(2+ y) = In(secx) — In2

Using either the quotient (or
L In{ﬂ) = In(ﬁJ product) or power laws for | M1
2 \2-y 2 logarithms CORRECTLY.
| (2+ y} _ 2In(secxj
2-Yy 2
2 Using the log laws correctly to
In(ﬂJ = In(wj obtain a single log term on both | dM1*
2=y 2 sides of the equation.
2+y  sec’x
2—-y 4
Hence, sec’x = 82+ 4y sec?x = S+ 4Y Al aef
-y 2—y
[8]
11 marks

10
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Number
8.(a) | AtP(4,2V/3) either 4=8cost or 243 =4sin2t 4=8cost or 2+/3 =4sin2t | M1
L t=% orawrt 1.05 (radians) only
= only solution is t=% where 0,, t,, & Al
stated in the range O,, t,, %
[2]
(b) X =8cost, y =4sin2t
Attempt to differentiate both x and y
dx _ dy wrt t to give +psint and | M1
i —8sint, P 8cos2t +(COS 2t respectively
Correct % and & | AL
Divides in correct way round
2 and attempts to substitute their
At P, dy _ 8CO_S( ) value of t (in degrees or | 1+
dx - —8sin(5) radians) into their &
expression.
You may need to check
8(—i) 1 candidate’s substitutions for
=—2ﬁ=—=awrt 0.58 M1*
(—8)(7) J3 Note the next two method
marks are dependent on M1*
-1 1
Hence m(N) = —/3 or — Usesm(N) =———— . | dM1*
Wl their m(T)
Uses y—2+/3 = (their my )(x — 4)
or finds c using x=4and
N: y-2/3=—3(x-4 dM1*
y ( ) y= 24/3 and uses
y = (their my)x +"c".
N: y=—/3x+6/3 AG y=—/3x+643 | Al cso
AG
or  2J3=-V3(4)+c = c=2/3+4/3 =643
so N: [y: —3x+ 6\/5]
[6]

11
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dx
4 5 attemptat A= y—dt | M1
8.(c) | A=][ydx=[4sin2t(-8sint)dt Tdt
0 3 correct expression AL
(ignore limits and dt)
A= _[—325in 2t.sint dt = I—32(Zsintcost).sint dt Seeing sin Zt.: 2sintcost M1
. . anywhere in PART (c).
A= I—64.sin2tcost dt Correct proof. Appreciation
H of how the negative sign
affects the limits. | AL AG
5 Note that the answer is
A= |64.sin’tcost dt given in the question.
[4]
(d) {Using substitution u=sint = % =cost}
{change limits:
whent=2, u=% &when t=2, u=1}
sin®t 1% u* T ksin®t or ku®with u=sint | M1
A= 64 or A=64|— Correct integration
3 1 3 s AL
; 2 ignoring limits.
Substitutes limits of either
(t=Zandt=%) or
N 13343 (u=1andu=-) and | dM1
3 (32 22 subtracts the correct way
round.
1 1 64 64 Al aef
= ——= = — - — —-8+3
A 64[ 8@) 83 3 V3 A
Aef in the form a + b3, [4]
with awrt 21.3 and anything
that cancels to a=%and
b=-8.
(Note that a=%", b = —-8)
16
marks

12
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Question Scheme Marks
Number
1.(@) |C: y*-3y=x*+8
Differentiates implicitly to include either
By dy Ldy ... +k L or J_r3d—y. Ignore (d_y =j. M1
{&X} Y P X Y i ax 19 x )
Correct equation. | Al
A correct (condoning sign error) attempt to
dy ... : . o dy - ody,
(2y—-3)—= =3x combine or factorise their ‘ 2y — —3—=". | M1
dx dx dx
Can be implied.
dy 3% 3x° AL
dx  2y-3 2y-3 oe
[4]
(b) y=3 = 9-33)=x>+8 Substitutes y =3 into C. | M1
X*=—8 = x=-2 Only x=-2 | A1
dy .
™ =4 from correct working.
X
(-2,3) = dy _3(4) = dy _ 4 Also can be ft using their “x” value and y =3 inthe | oq ./~
dx 6-3 dx 2
dy  3x
correct part (a) of —=——
dx 2y-3
[3]
7 marks

1(b) final Al . Note if the candidate inserts their x value and y=3

2
into Yy = 3 , then an answer of ay = their x*, may indicate a
dx 2y-3 dx

correct follow through.
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Question Scheme Marks
Number
2 2
2. (a) Area(R) = j _ 3 = j 3(1+4x) 7% dx
o ([@+4X) 5
Integrating 3(1+ 4x)'% to give M1
— 1 2 1
| 3(1+4x)* k(@ +4x)?.
B 1
_2—'4 0 Correct integration. Al
Ignore limits. | =
_3 1 2
= _5(1+ 4x)2}O
Substitutes limits of 2 and 0 into a
= (%x@ ) -(3) changed function and subtracts the | M1
correct way round.
= $-% = 3(units)’ 3| AL
[4]
(Answer of 3 with no working scores MOAOMOAO.)
() | Vol j{ 3 sz Use of V =z y* dx. B1
olume = 7 || -——| dx R
|/ (1+4X) Can be implied. Ignore limits and dx.
2
—(7) [ —— dx
o 1+4xX
+kinl+4x
= (7) [%In|1+4x|]z . ||1 . || zlll
n niL+4x
_ 9 (9 Substitutes limits of 2 and 0
=(7) [(4In9) (4In1)] and subtracts the correct way round. dM1
So Volume = 27In9 27zIn9 or 2zIn3 or £7In3 | A1 0e isw
[5]
9 marks

\

Note the answer must be a one term exact
value. Note, also you can ignore
subsequent working here.

Note that In1 can be implied as equal to 0.

Note that = 271In9 + ¢ (oe.) would be awarded the final AO.
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Number

3.(a) 27x%+32x+16 = A(3x+2)(1-X) + B(1—x) + C(3x+2)* Forming this identity | M1

Substitutes either x =—2 or x=1

X=—2 12-%416 =(3)B => 2 =(%)B = B=4 into their identity or equates 3
’ ’ (3) $=() terms or substitutes in values to | M1

write down three simultaneous

x=1, 27+32+16 =25C = 75=25C= C=3 equations.
Both B=4and C=3 | Al

(Note the Al is dependent on

both method marks in this part.)

, 27=-3A+9C = 27=-3A+27 = 0= -3A

Equate x™ S A=0 Compares coefficients or
substitutes in a third x-value or B1

B B uses simultaneous equations to

x=0, 16 =2A+B+4C show A = 0.

= 16=2A+4+12= 0=2A = A=0
[4]
4 3
(b) f(x) = >+
(3x+2) @—x)

— 4Bx+2)2 + 3(1-x)" Moving powers to top on any one M1

of the two expressions

= 4[2(1+4x)” |+ 30-%

1(1+3%)° +3@1-x)"

o (D) s Either 1+(-2)(3) or
=1{1+(—2)(7):+T(7) +} 1+(-1)(~x) from either first or | dM1;
' second expansions respectively
Ignoring 1 and 3, any one

_1)(— . Al
+ 3{1 +(—1)(—x);+(1)2#(—x)2 N } correct{w} expansion.
: Both { .......... } correct. | Al
={1—3x+277x2 +o) 3{1+ X+ X+ ...}
=4+0X;+%X2 4+(0X), %Xz Al,Al

[6]
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Question Scheme Marks
Number

3.(©) Actual =f(0.2) = 1.08+64+16 Attempt to find the
(6.76)(0.8) actual value of f(0.2)
_ 2348 2935 or seeing awrt 4.3 and believing it
"~ 5.408 4.341715976... = 676 is candidate’s actual f(0.2).

or Candidates can also attempt to find | M1
4 3 the actual value by using

Actual =f(0.2) = 5+ A B C
(3(0.2) +2) (1-0.2) + =+
4 2935 Bx+2) (3x+2) @-x)
Estimate = f(0.2) = 4+ 2(0.2)* Attempt to find an estimate for
ngied M1+
= 4+039= 439 f(0.2) using their answer to (b)
|4.39-4.341715976.. |their estimate - actual|
%age error = x100 x100 | M1
4.341715976... | actual |
=1.112095408... = 1.1%(2sf) 1.1% | Alcao
[4]
14 marks
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Question

Number Scheme Marks
4. (a) d,=-2i+j-4k , d,=qi+2j+2k
As
-2\ (q Apply dot pro?uct O(I:_aICL:!ation btetwefen
B B wo direction vectors, ie. | M1
died, = 1 | 2] +=(-2x0Q)+(1x2)+(-4x2) (=2x Q)+ (Lx2) + (—4 x 2)
-4) (2
d,ed,=0 = -29+2-8=0 Sets d,ed, =0
. Al cso
-20=6 = g=-3 AG and solves to find q = -3
[2]
(b) Lines meet where:
11 -2 -5 q
2 |+A 1 | =|11|+pu| 2
17 —4 p 2
it 11-21 =-5+qu @) Need to see equations
Firsttwoof j: 2+ 4 =11+2u (2) (1) and (.2)' M1
) Condone one slip.
k:17 =42 = p+2u (3 (Note that q=-3.)
— 3 _ Attempts to solve (1) and (2) to find
(1) +2(2)gives: 15=17+u = u=-2 one of either 2 ory | 9M1
] Anyoneof A=50r u=-2 | A1
(2)gives: 2+ 1=11-4 = A=5
Both A=5and u=-2 | A1
Attempt to substitute their A and
@) = 17 -4() = p+2(-2 into their k component to give an | ddM1
equation in p alone.
= p=17-20+4 = p=1 p=1|Al cso
[6]
11 -2 -5 -3 _ _ _
© r=lolasl 11 or rel11l-2 2 Substitutes theltLvaIue oftin- orI u |r|1to M1
17 4 1 5 e correct line Iy or 1, .
1 1
Intersectat r=| 7 | or (1,7,-3) 7| or(1,7,-3) | A1
-3 -3

[2]
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gﬂrist:gn Scheme Marks

(d) Let OX =i + 7j — 3k be point of intersection

R 9 -8 Finding vector AX by finding the
AX =0X-OA=| 7 |-|3|=| 4 difference between OX andOA.Can | M1+ =
~3) (13) |-16 be ft using candidate’sOX .

OB =OA + AB = OA + 2AX

9 -8 9
OB =|3|+2 4 3 |+ 2| their AX | | gm1+/
13 -16 13
-7
I . 11 | or —7i +11j—19k
Hence, OB =| 11 | or OB =-7i+11j-19k 19 Al
-19 -—

-— or (=7,11, -19)
[3]

13 marks
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Question Scheme Marks
Number
o _ ro16 2h Uses similar triangles, ratios or
5.(a) | Similartriangles = rEyiiadliere trigonometry to find either one of these | M1
two expressions oe.
2 3 ; 2h i
Substitutes r =2 into the formula for the
velzrn o1 (20 h 2420 ac 3 Al
3 3 L3 27 volume of water V.
[2]
(b) From the question, v _ 8 v _ 8 | B1
dt dt
dv  12zh*> 4zh? dv 12zh* 47h?
—= = —= or Bl
dh 27 9 dh 27 9
Candidate’s d_V +d—V; M1;
gh_gv v o9 _ 18 dt  dh
dt dt dh 4zh*  zh? 127 h? 9 18
8+ or 8x > or > 0e | A1l
27 47h zh
When h=12 g 18 _ 1 iori i
't 144z 8z 144, 8z |Aloelsw
[5]
\ 7 marks

\

Note the answer must be a one term exact value.

Note, also you can ignore subsequent working after

T
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Question

Number Scheme Marks
6. (a) j'tan2 X dx
[NB : sec® A=1+tan® A gives tan® A = sec? A—l] The correct underlined identity. | M1 oe
= J'secz X —1dx
Correct integration
= tanx — X (+¢C . .
—_— (+ ) with/without + ¢ Al
[2
(b) J‘%In X dx
X
u=Ilhx = $=1
g—; = X_3 Y V = X_—; = %
1 1 1 Use of ‘integration by parts’ formula
=Tl Inx — j_? ™ dx in the correct direction. | ™%
Correct expression. | Al
An attempt to multiply through
——izlnxjtlj‘%dx K P Py g
2X 2J x —,nell,n..2by Landan
X
1 1 1 attempt to ...
— et 3] (o)
2\ 2 .
. “integrate”(process the result); | M1
correct solution with/without + ¢ | Al oe
[4]

Correct direction means that u = In x.
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Question

Number Scheme Marks
e3x
c dx
© J'1+ e
Uclier — QU _o dx 1 dx Differentiating to find any one of the | o
dx "du e’ du  u-1 three underlined | =
H 2x
o2 gt U-12¢ 1 Attempt to substitute for e”* =f(u),
= —x dX = J‘— —X du A dX 1
l+e u e the|rd—=—x and u=1+¢"
e dx 1 M1*
_1)3 or e =f(u), their -= =—— and
or:J.(u 1). ! du W du u-
u - (u-D u=1+e*.
)2 u-1?
=I(u ) du J-udu Al
u u
u®—2u+1
= J.T du An attempt to
multiply out their numerator
to give at least three terms
= Iu -2 +£ du and divide through each term by u | gm1*
u
u? Correct integration
:7_2‘1 +Inu (+c) with/without +c | AL
(1+€°)? Substitutes u=1+¢e* back into their
== - 2(1+e*)+Inl+e)+c integrated expression with at least | dM1*
two terms.
=li+e+1e”-2-2e"+In(l+e")+c
=lte*+1e®-2-2e"+In(l+e")+c
=le” e +Inl+e)-2+c
, Ll —e* +In(l+e*) +k
=le” —e"+Inl+e")+k AG -
must use a +cand " —2" combined. | Al cso
[7]

13 marks
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Question

Number Scheme Marks
7.() |AtA x=-1+8=7 & y=(-1)’=1= A(7,) A(7,) | B1
[1]
(b) x=t°-8t, y=t*,
%=3t2—8, Wy
dt dt
Cdy ot Their < divided by their & | M1
Cdx 3t*-8 Correct & | AL
AtA, m(T)= 2(_21) _ 2 _ 2 Substitutes for t to give any of the |
3(-D°-8 3-8 5 four underlined oe: | —
T: y—(their1)=m; (x—(their 7)) Finding an equation of a tangent
with their point and their tangent
gradient
or1=£(7)+c = c=1-% =% or finds ¢ and uses | AM1
y = (their gradient)x + "c".
HenceT: y=2x-2
gives T: 2x-5y-9=0 AG 2x-5y-9=0 | A1 cso
[5]
Substitution of both x =t* —8t and
3 _ _ 2 —
(©) 2(t*—8t) - 5t2 —9=0 y—Cinto T M1
2t* -5t -16t-9=0
(t+1){(2t* -7t-9) =0} A realisation that ML
t+D{(t+1)(2t-9)=0} (t+1)is a factor.
{t=—1 (at A)} t=3 atB t=3 | Al
) Candidate uses their value of t to
x=(3) -8(3)=5>-36="" = 55.125 or awrt 55.1 find either the x or y coordinate ddm1
y=(2)" =%=20.25or awrt 20.3 One of either x or y correct. | Al
Both x and y correct. | Al
Hence B(4L, &) awrt [6]

12 marks
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e Note: dML1 denotes a method mark which is dependent upon the award of the previous method mark.
ddM1 denotes a method mark which is dependent upon the award of the previous two method marks.
Oe or equivalent.
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6666 Core Mathematics C4

Appendix
Question 1
ﬁﬁrenst:gn Scheme Marks
Aliter
1.(@) |C: y*-3y=x*+8
Way 2
Differentiates implicitly to include either
X , dx e [% _] M1
28 —3=3x*2 + . (Ignore =)
{%X < 2y —3=3x ay dy dy
Correct equation. | Al
1 . dx 1
2y —3=3x*—~ Applies— = — | gm1
) o (2]
dy 3% 3x* AL
dx 2y-3 2y-3 o€
[4]
Aliter
1.(@ |C: y*-3y=x*+8
Way 3
gives x* =y* -3y — 8
= x=(y —3y—8)%
dx 1 -4 Differentiates in the form L(f(y)) (f’ .| M1
& =3 - -8) (2y-3) ()7 (')
y Correct differentiation. | Al
dx _ 2y -3
dy  3(y*-3y-8)
dy _ 3(3’2 -3y —8)§ Appliesd—y— dlx dM1
dx 2y -3 dx (w)
dy 3(x3)§ dy 3¢ 3(X3)5 or 3x2 Al oe
dx. 2y-3 dx 2y-3 2y — 3 2y-3

[4]
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Question 2
(N?LL:r?\St;[gn Scheme Marks
Aliter j 3 j .
2. (a) Area(R) = | .——=dx = | 3(L+4x) 2 dx
Way 2 [IRY, (1+ 4X) 0
{Using substitution u=1+4x = &£ =4}
{change limits:
When x=0, u=1 &when x=2, u=9}
9
So, Area(R) = j 3u™? Ldu
1
3yt 2 Integrating +AU7 to give +kut. | M1
| B Correct integration. | ,,
22 1o Ignore limits. | ==
5t
=[],
Substitutes limits of either
(u=9andu=1)or
:(%\/5)‘(%(1)) inX, (x=2and x=0) into a changed | M1
function and subtracts the correct way
round .
= 2-3 = 3(units)’ 3|AlL
[4]
Aliter j 3 j. )
2. (a) Area(R) = | .——=dx = | 3(L1+4x) 2 dx
Way 3 oy (@+4X) 0
{Using substitution
W=1+4x = 2u& =4 = ludu=dx}
{change limits:
When x=0, u=1 &when x=2, u=3}
3 3
So, Area(R) = [24iudu = [4du
1 1
3 7° Integrating £ A to give +ku. | M1
= {E U} Correct integration. | »,
-t Ignore limits. | =
Substitutes limits of either
(u=3and u=1)or
=(30)-(3W) inx,(x=2and x=0) into a changed | M1
function and subtracts the correct way
round .
= 22 = 3(units)? 3[AL

[4]
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Question 3
(N?S;s;gn Scheme Marks
Aliter
3. (a) 27x%+32x+16 = A(Bx+2)(1-X) + B(1—x) + C(3x+2)* Forming this identity | M1
Way 2
x? terms: 27=-3A+9C (1)
x terms: 32=A-B+12C (2) equates 3 terms. | M1
constants: 16 =2A+ B +4C (3)
(2) + (3) gives 48 =3A+16C (4)
(1) + (4) gives 75=25C = C =3
(1) gives 27=-3A+27 = 0=-3A = A=0
(2) gives 32=-B+36 = B=36-32=4 BothB=4and C=3 | A1l
Decide to award B1 for A=0 | B1
[4]

3. (@)

3. (@)

3. (@)

If the candidate assumes A =0 and writes the identity 27x*+32x+16 = B(1-x) + C(3x +2)°
and goes on to find B =4 and C =3 then the candidate is awarded MOM1A0BO.

If the candidate has the incorrect identity 27x*+32x +16 = A(3x+2) + B(1-x) + C(3x+2)* and
goesonto find B=4, C =3 and A= 0then the candidate is awarded MOM1AO0B1.

If the candidate has the incorrect identity
27x%* +32x +16 = A(3x+2)*(1-x) + B(1—x) + C(3x+2)* and goes on to find B=4, C =3 and
A = 0 then the candidate is awarded MOM1A0B1.
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Question

Number Scheme Marks
S |10t 3
Way2 (Bx+2)° (1-x)

Moving powers to top on any one

of the two expressions M1

= 40Bx+2)? +3(1-x)"

= 4(2+3x)2+31-x)"

) ) 2)(=3) .. Either (2) > +(-2)(2)°(3x) or
= 4{(2) *+(-2)(2) 3(3X);+T(2) f3x)* + } 1+(-1)(-x) from either first or | dM1;
' second expansions respectively
Ignoring 1 and 3, any one

_1)(— . Al
n 3{1+(—1)(—x);+( 1)2(' 2) (=x)? +} correct{w} expansion.
- Both { .......... } correct. | Al
= 4{%—%x+%x2 +} + 3{1+ X+ X +}
=4+0X;+%X2 4+(0X), 37?)(2 Al; Al

[6]
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Question

Number Scheme Marks
,gllzce)r Actual = £(0.2) :1.08+6.4+16

: (6.76)(0.8) Attempt to find the

Way 2 23.48 2035 actual value of f(0.2) M1
= —— = 4.341715976... = ——
5.408 676
Estimate = f(0.2) = 4+32(0.2)* Attempt to find an estimate for f(0.2) J
= 4+0.39= 4.39 using their answer to (b) M1
%age error = (100 — __ 439 %100 100 — their estimate x100 M1
4.341715976... actual
= [100 - 101.1120954|
=|—1.112095408...| = 1.1%(2sf) 1.1% | Al cao
[4]
3.(c) Note that:
Ysade eror = 4.39—4.341715976...| 100
0ad B 4.39 x Should be awarded the final marks of
MOAO
=1.0998638... = 1.1%(2sf)
3.(c) Also note that:
%age error = (100 — (w xlOOj .
4.39 Should be awarded the final marks of
MOAO
=1.0998638... = 1.1%(2sf)

...S0 be wary of 1.0998638...
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Question 4
Sﬂs]s;gn Scheme Marks
4. (a) —2q + 2 — 8 is sufficient for M1.
Aliter . . )
4. (b) Only apply Way 2 if candidate does not find both 4 and
Way2 |
Lines meet where:
11 -2 -5 q
2 | +A 1| =11 |+ul2
17 —4 p 2
i: 11-21 =-5+qu @) Need to see equations
Firsttwoof j: 2+ 4 =11+24  (2) (2) and ). | )
i Condone one slip.
k:i17 -42 = p+2u (3 (Note that q=-3.)
(2) gives 1=9+2u
. B Attempts to solve (1) and (2) to find
(1) gives 11 -2(9+2u) =-5-3u one of either 2 oryp | 9M1
11 -18-4u=-5-3u
gives: 11-18+5=py = u=-2 Anyoneof A=50ru=-2| A1
Candidate writes down a correct
(3)gives 17 -4(9+2u)=p+2u equation containing p and one of either | A1
A or u which has already been found.
Attempt to substitute their value for
(3) = 17 -4 +2(-2)) = p + 2(-2) A(=9+2) and g intotheir |, )
k component to give an equation in
p alone.
= 17-20=p-4= p=1 p=1|Al cso
[6]
4. () If no working is shown then any two out of the three M1
' coordinates can imply the first M1 mark.
1
Intersectat r=| 7 | or (1,7,-3) 7 10or(1,7,-3) | A1
-3 -3

[2]
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Question Scheme Marks
Number
Aliter
4.(d) | Let OX =i+ 7j— 3k be point of intersection
Way 2
Finding the difference between their
1 9 -8 OX (can be implied) and OA.
AX =0X-0OA=| 7 |-|3|=| 4 1 9 | M1y +
-3 13 -16 AX =% || 7 |-]3
-3 13
OB =0X + XB = OX + AX
1 -8
OB=|7|+| 4 their OX | +| their AX | | gm1+/
-3 -16
—7
I . 11 | or —7i+11j-19k
Hence, OB =| 11 | or OB=-7i+11j—-19k 19 Al
-19 -—
B or (-7,11, -19)
[3]
Aliter | AtA A =1. AtX, 1=5.
4. (d)
Way 3 Ay = (their A, ) + (their A, — their 4
HenceatB, 1=5+(5-1)=9 = ) ( X _ ) M1~
Ay = 2(their 4, ) — (their 2,)
11 -2
OB =| 2| +9| 1 Substitutes their value of A in_to the dM1”
line I;.
17 -4
-7
N . 11 | or —7i +11j-19k
Hence, OB =| 11 | or OB =-7i+11j-19k 19 Al
-19 S 77
B or (-7,11,-19)

[3]
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Question

Number Scheme Marks
Aliter | OA=9i + 3j +13k
4.(d) | and the point of intersection OX =i + 7j — 3k
Way 4
Finding the difference
Minus 8 . between their OX (can be
Inus implied) and OA.
P_Ius 4 || 7 1 9 M1V &
Minus 16 -3 (W :)i 7 1_13
-3 13
Minus 8
Plus 4 their OX | +| their AX | | am1+/~
Minus 16
-7
. __ 11 | or —7i +11j-19k
Hence, OB = or OB =-7i+11j-19k 19 Al
—19 I
or (-7,11, -19)
[3]
Aliter | OA=9i +3j+13k and OB =ai + bj + ck
4.(d) | and the point of intersection OX =i + 7j — 3k
Way 5
As X is the midpoint of AB, then
_(9+a 3+b 13+c Writing down any two of
(1’ 7 3> B ( 2 ' 2 ' 9 j these “equations” correctly. MLV
a=2)-9=-7
An attempt to find at least
b=2(7)-3=
(N-3=11 two of a, b orc. dM1y
c=2(-3)-13=-19
-7
-7 11 | or —7i+11j-19k
Hence, OB =| 11 | or OB =-7i +11j—19k -19 Al

-19

or (=7,11,-19) or
=-7,b=11,¢c=-19

[3]
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gﬂfnsggrn Scheme Marks
Aliter
4.(d) | Let OX =i+ 7j— 3k be point of intersection
Way 6
Finding the difference
between their OX (can be
I L B R B implied) and OA.
AX=0X-0OA=|7 |-| 3 |=| 4 1 9
-3) (13) |-16 Ao+l 71-13]l MV =
- -3 13
and [AX| = /64 + 16 + 256 = /336 = 4421 .
Note‘AX‘ = /336 would
imply M1.
1 11-24 -10 + 24
BX=0X-OB=|7|-| 244 |=| 5-2
-3 17 - 42 -20+ 44
Hence ‘W‘ = ‘W‘ = /336 gives
Writes distance equation
of‘Wr =336 where
(<10 + 224) + (5 A)° + (20 + 44)" =336 BX =0X —OB and | )1
11- 22
OB =| 2+4
17 - 42
100 — 404 + 447 + 25 —-101 + A% + 400 — 1604 + 16412
2147 — 2104 + 525 = 336
214% — 2104 +189 = 0
A*-101+9=0
(A-1(A-9)=0
11-2(9)
AtA, Z=1andatB 1=9,50, OB =| 2+9
17 — 4(9)
-7
I Bt . 11 | or —7i+11j-19k
Hence, OB =| 11 | or OB =-7i+11j-19k 19 Al
-19 E—
or (-7,11, -19)
[3]
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Question 5
Question Scheme Marks
Number
5.(a) | Similar shapes=> either
17(16)224 _(gf or Vv _(
v — {h 17(16)°24
Uses similar shapes to find either one of M1
3 these two expressions oe.
M_(ﬁj or L_(_
Vv h 1xr?(24) (24
hY 4k Substitutes their equation to give the
V =20487x x (—j = AG correct formula for the volume | Al
24 27 of water V.
[2]
5.(a) Candidates simply writing:
2
vl o ve lﬂ(E h? would be awarded MOAO.
9 3 3 \24
(b) From question, (L—\: =8 = V =8t(+c) (L—\: =8orV =8t | Bl
(2] = ne(Z0) () 2] () 8 o2 |
A A V4 Az Vs V4
. % =4kt | ML:
% ) B(EJ %tg dh ‘
d —=3(3j 1] AL oe
dt 7) 3
12«
When h =12, tz(—) x— = 32x
3 2
So when 1
8z | Aloe

-2 =2 (0] = ()
dt 7 )\ 327z 10247r°

[5]
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Question 7
Question Scheme Marks
Number
7 (@) It |_s acceptable for a candidate to write x =7,y =1, to A7) | BL
gain B1.
[1]
Aliter
(c) x=1"-8t=t(t*-8)=t(y-8)
Way 2
So, x* =t*(y —8)" = y(y - 8)°
2X -5y -9=0 = 2x=5y+9 = 4x* =(5y +9)*
Hence, 4y(y - 8)° =(5y +9) Forming an equation in termsog:‘yy M1
4y(y? —16y + 64) = 25y + 90y + 81
4y*® — 64y* + 256y = 25y + 90y + 81
4y® —89y® +166y —81=0
A realisation that dM1
(y - 1)(y - 1)(4y —81) = 0 (y —1)is a factor.
Correct factorisation | Al
y =% =20.25 (or awrt 20.3) Correct y-coordinate (see below!)
2 _si81 _ Q)2 Candidate uses their y-coordinate
X =2 -8 to find their x-coordinate. | 49M?
Decide to award Al here for Al
correct y-coordinate.
x =41 =55.125 (or awrt 55.1) Correct x-coordinate | Al

Hence B(4t, %)

[6]




PhysicsAndMathsTutor.com

edexcel

Question Scheme Marks
Number
Aliter
7.(c) | t=4ly
Way 3
3
so x=({) -8(4)
2X —5y =9 =0 yields
8 Forming an equation in terms of
2(\y) —16(+Jy) -5y -9=0 ganeq Only M1
y.
3
= 2(\y) -5y -16(\/y)-9=0
A realisation that
{ 2y~ 7f } (\/V+1) is a factor. | M1
{ y+1 2\/_ } Correct factorisation. | Al
y =& =20.25 (or awrt 20.3) Correct y-coordinate (see below!)
3 Candidate uses their y-coordinate
—(.[ee) _g(.[8t
X= (\/7) 8(\/7) to find their x-coordinate. ddM1
Decide to award Al here for
. Al
correct y-coordinate.
x =41 =55.125 (or awrt 55.1) Correct x-coordinate | Al
Hence B (4, 2) [6]
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Q1 1 o
= = 4 2
(x) 1) (4+x) M1
1
—(4)7(1+ ... —(1
(4)°(1+ ..) (1+ )Orw(n) B1
_1)(_3 2 _1)(_3Y(_5 3
- (1+(_L)Gj+( 2)2( 2)(3 N 2)(3'2)( 2)(3 + J M1 A1ft
ft their (fj
4
L R VO B V- B N A1, A1 (6)
2 167 256" 2048
[6]
Alternative
1 1
f(x)= =(4+x)"
()= "4+ M1
:4,i+(_%)4 x+(_%)(_%)4 %XZ (_%)(_%)(_2)4 2x3+ . mM’] A1
— 2 123
Lt o3 a5 A1, A1 (6)
2 167 256" 2048 ’

6666/01 GCE Mathematics June 2009 2




PhysicsAndMathsTutor.com

edexcel

%L:jens]ggp Scheme Marks
Q2 (a) 1.14805 awrt 1.14805 B1 (1)
1 3x
b A~ —x=—( ... B1
(b) 5% (...)
= .. (3+2(2.77164+2.12132+1.14805)+0) 0 can be implied M1
= %(3+2(2.77164+2.12132+1.14805)) ft their (a) A1ft
RY/4
=E><15.08202 ... =8.884 cao A1 (4)
3sin(xj
(c) J3cos(fjdx:—3 M1 A1
3 1
3
=9sin(fj
3
3z
2
A={9sin(£ﬂ =9-0=9 cao A1 (3)
3 0
[8]

6666/01 GCE Mathematics June 2009
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Question

Number Scheme Marks
® £(x)= 4-2x 4 B C
(@) (2x+1)(x+1)(x+3) 2x+1 x+1 x+3
4-2x=A(x+1)(x+3)+B(2x+1)(x+3)+C(2x+1)(x+1) M1
A method for evaluating one constant M1
x>—4, 5=4(1)(3) > 4=4 any one correct constant A1
x—>-1, 6=B(-1)(2) => B=-3
x—>-3, 10=C(-5)(-2) = C=1 all three constants correct A1 (4)
. 4 3 1
b - dx
®) (l) j(2x+1 x+1+x+3)
:gln(2x+1)—31n(x+1)+1n(x+3)+C A1l two In terms correct M1 A1ft
All three In terms correct and “+C” ; ft constants A1ft 3)
(i) [2m(2x+1)-3In(x+1)+In(x+3)]
=(2In5-3In3+In5)—(2In1-3In1+1In3) M1
=3In5-4In3
3
=ln(gj A1 3)
81
[10]

6666/01 GCE Mathematics June 2009 4
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Question Scheme Marks
Number
-2x dy _ -2x _ dy
Q4 (a) e —-2ye " =2+2y— Al correct RHS M1 A1
dx dx
d —2x —2x dy —-2x
—(ye )= —=-2ye " B1
e )=e o2y
_ dy _
e -2y)—==2+2ye™ M1
(e™=2y) 3 =2+2y
2+2ye™
d_yzz—ye A (5)
dx e -2y
2+2¢"
(b) AtP , v_ £ g M
dx e-2
Using mm' =-1
m’:l M1
4
1
y—1= Z(x—O) M1
x—4y+4=0 or any integer multiple A1 (4)
[9]
Alternative for (a) differentiating implicitly with respect to y.
e’2x—2ye’2"£ = 2£+2y Al correct RHS M1 A1
dy dy
d —2x —2x —2x dx
—(ye )= =2ye " — B1
dy (y ) 4 dy
(2+2ye'2*)9:e-2*—2y M1
dy
E B e—2x_2y
dy 2+2ye™
2 2 —2x
dy _2+2ye Al (5)
dx e -2y

6666/01 GCE Mathematics June 2009 5
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dx  2x3v3 2

Question Scheme Marks
Number
dx . dy
5 —=—-4smn2t, —=6co0st B1, B1
Q5 (a) q &
d 6
dy _ c.ost __ 3 M1
dx 4sin 2t 4sint
Vs 3 V3 .
Att=—, m=———r—=—— accept equivalents, awrt —0.87 A1 (4)
4><V—23 2
(b) Use of cos2t =1-2sin* ¢ M1
costhf, sint:Z
6
2
o192 M1
2 6
Leading to y=+(18-9x) (=3\/(2—x)) cao A1
—2<x<2 k=2 B1 (4)
(c) 0<f(x)<6 either 0<f(x) or f(x)<6 B1
Fully correct. Accept 0< y <6, [0, 6] B1 (2)
[10]
Alternatives to (a) where the parameter is eliminated
® y=(18-9x)°
dy 1 L
—=—(18=-9x) 2 x(-9 B1
Y L (18-0x)7 x(-9)
V4 2
Att=—, x=cos—=-1 B1
3 3
L S R T M1 AT (4
dx 2 \/(27) 2 “)
@ y* =18-9x
dy
2y—=-9 B1
e
Att=2, y=6sinZ =33 B1
3 3
d 9 V3
L S M1 AT (4)

6666/01 GCE Mathematics June 2009 6



PhysicsAndMathsTutor.com

edexcel

Question

Number Scheme Marks
Q¥ (@ J.\/(S—x)dx:J.(S—x)%dx:( :f) (+C) M1 AT (2)
T
| @ I(x—l)\/(S—x)dx=——(x—1)(5—x)g+§J(5—x)xdx M1 Atft
_ +§x(5_f)i (+C) M1
= 2o )(5-x) 2 (5-2)  (+C) Al @)
3 15
(i) [——(x—l)(S—x) - (5-x)’ } =(0—0)—(0——x43j
=%(=8§z8.53j awrt 8.53 M1 AT (2)
15 15
[8]
Alternatives for ( b) and (c)
b) uw=5-x = 2u%=—1 ( = %=—2uj
dx du
2 dx 2
I(x—l)x/(S—x)dsz(4—u )uaduzj(4—u )u(—Zu)du M1 A1
=I(2u4—8u2)du:§u5——u3 (+C) M1
:%(S—x)g—g(S—x)% (+C) A1
(©) x=1=>u=2, x=5=u=0
[%5-8 } :(0_0)_(ﬁ_ﬁj M
5 , 5 3
= %(: 8i ~ 8.53] awrt 8.53 A1 (2)
15 15

6666/01 GCE Mathematics June 2009 7
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%uestion Scheme Marks
umber
10 8 2 -2
Q7 (a) AB=0OB-0A4=|14 |-| 13 |=| 1 or BA=| -1 M1
—4 -2 -2 2
8 2 10 2
r=[13|+A| 1 |orr=|14 [+4] 1 accept equivalents M1 A1ft (3)
-2 -2 —4 -2
10 9 1 -1
(b) CB=0B-0C=|14|-|9|=| 5 or BC=| =5
—4 6 -10 10
CB=(1”+5"+(-10)" ) =V(126) (=3714~11.) awrt 11.2 M1 AT (2)
(c) CB.AB = ‘@HA—B‘COSQ
(£)(2+5+20)=~126v9cos M1 A1
cosd =i = 0=~36.7° awrt 36.7° At (3)
V14
(d)
——=sind M1 A1ft
V126
d=3V5(=6.7) awrt 6.7 A1 (3)
(e) BX?=BC*-d*=126-45=381 M1
1 1 2745
!CBX:ExBXxd:5x9><3\/5= (=30.2) awrt 30.1 or 30.2 M1 AT (3)
[14]
Alternative for (e)
! CBX:%xdeCsinLXCB M1
= %x 3V5x~126sin(90-36.7)° sine of correct angle M1
~30.2 2745 , awrt 30.1 or 30.2 A1 (3)

6666/01 GCE Mathematics June 2009 8
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Question Scheme Marks
Number
Q8 (a) Isinzﬁdﬁ:%j(l—cos20)d0:%9—isin20 (+C) MIAT (2)
dx
b x=tand = — =sec’ 0
(b) 0
2 » dx . 2,
njy dxzﬁJ.y —d&znj(2s1n29) sec’0dd M1 A1
do
zﬂj(2x2sin9cose)2d0 M1
cos’ @
:167zjsin29d9 k=167 A1
x=0 = tanf=0 = 6=0, xz;:tanez;:>¢9=£ B1 (5)
V3 V3 6

[V:W:J' 6sin2¢9d<9}
0

[ M1
M1
,q=-2 Al (3)

[10]

6666/01 GCE Mathematics June 2009 9
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January 2010
6666 Core Mathematics C4
Mark Scheme

Question

Number Scheme Marks
. 1)(—1 1)(—1)(-3
a | @ e 1s) -89+ X ey DENE g i
=1-4x—-8x*;-32x>— ... Al; Al 4)
8
b) J(1-8x)=[[1-— M1
®)(1-8x) [ 1ooj
— Ez §=@ % cso | Al (2)
V100 V25 5
(c) 1-4x—8x*—32x* =1-4(0.01)-8(0.01)" - 32(0.01)’
=1-0.04-0.0008—0.000 032 = 0.959 168 M1
23 =5x0.959168 M1
= 4.79584 cao | Al 3)
[°]

GCE Core Mathematics C4 (6666) January 2010
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Question
Number Scheme Marks
Q2 (@ 1.386,2.291 awrt 1.386, 2.291 | B1B1 2
1
(b)AzExO.S( ) B1
= ... (0+2(0.608+1.386+2.291+3.296 + 4.385) +5.545) M1
= O.25(O+2(0.608+1.386+2.291+3.296+4.385)+5.545) ft their (a) | Alft
=0.25%x29.477 ... =7.37 cao | Al 4)
. X2 x> 1
c)(i xInxdx=—Inx— | —x—=dx M1 Al
©m | Cinx- [ X
2
=X—In x—jédx
2 2
x° X2
="—Inx-= (+C) M1 Al
2 4
2 24
iy [Smx-X =(8|n4—4)—(—1j M1
2 4 | 4
=8In 4—E
4
15 . .
=8(2In 2)—7 In4=2In2 seen or implied | M1
:%(64In2—15) a=64,b=-15 | Al (7)
[13]

GCE Core Mathematics C4 (6666) January 2010 4
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?\qu?zggp Scheme Marks
. : dy
Q3 (@ —2sin 2x—33|n3y&:0 M1 Al
dy 2sin 2x 2sin2x  —=2sin 2x
— = Accept —————, — Al (3)
dx 3sin3y -3sin3y  3sin3y
27
(b) At x=—, cos(?}cosBy =1 M1
1
cos3y =— Al
y 2
Jy=—=y =% awrt 0.349 | A1 ?3)
2sin2(% inz
(©) At[z, fj’ d_y:_ : (6)_ ZS-II‘ISZ 2 ML
6 9 dx  3sin3(%) 3sinz 3
T 2( ﬁj
9 3 6
Leading to 6Xx+9y—-27=0 Al (3)
[9]

GCE Core Mathematics C4 (6666) January 2010
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Question
Number Scheme Marks
Q4 (@) A:(-6,4,-1) Accept vector forms | B1 (€))
4 3
(b) | -1||—4|=12+4+3= /4 +(<1)" +3 /3’ +(-4)’ +1’ cosO M1 AL
3 1
0039:E awrt 0.73 | Al 3)
26
(c) X: (10,0,11) Accept vector forms | B1 (1)
10 -6
%
(d AX=| 0 |-| 4 Either order | M1
11 -1
16
= -4 cao | Al )
12
(e) |AX|= 16" +(-4) +12° M1
=/416 =\/16x 26 = 4./26 * Do not penalise if consistent | AL )
incorrect signs in (d)
(f) |
1
Use of correct right angled triangle —| M1
A% ]
——=cosé M1
d
d= 4\{92_6 ~27.9 awrt 27.9 | Al (3)
%
[12]

GCE Core Mathematics C4 (6666) January 2010
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Question

Number Scheme Marks
Q5 @) f9X+6dx=H9+§jdx M1
X X
=9x+6Inx (+C) Al (2)
(b) Jildy=fgx+6dx Integral signs not necessary | B1
y’ X
Iyédy=jgx+6dx
X
y?3:9x+6lnx (+C) +ky® = their (a) | M1
3
gyg =9x+6Inx (+C) fttheir (a) | Alft
y=8, x=1
%83:9+61n1+C M1
C=-3 Al
y :§(9x+6lnx—3)
y? = (6x+4Inx-2)’ (=8(3x+2|n x—1)3) Al 6)
[8]

GCE Core Mathematics C4 (6666) January 2010 7
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%ﬂ?ﬁggp Scheme Marks
dA
—=15
Q6 i B1
dr
When A=2
2=7r> = r:\E (=0.797884 ... M1
T
dA_dA dr
dt dr dt
15= 27zrﬂ M1
dt
ar_ 15 0299 awrt 0.299 | a1

[5]

GCE Core Mathematics C4 (6666) January 2010
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?\qu?zggp Scheme Marks
Q7 (a) y=0 = t(9-t*)=t(3-1)(3+1)=0
t=0,3-3 Any one correct value | B1
Att=0, x= 5(0)2 —4=-4 Method for finding one value of x | M1
Att=3, x=5(3)"-4=41
(Att=-3 x=5(-3)-4=41)
AtA, x=-4;atB, x=41 Both | Al 3)
dx N
(b) Elet Seen or implied | B1
jydx:jy%dt=jt(9—t2)10tdt M1 Al
dt
= [(90t> —10t* )t
oot® 10t°
== (+C) (=30t°-2t* (+C)) AL
got* 10t°]’
{ - } =30x3°-2x3" (=324) M1
3 5 |
A=2Iydx:648 (units?) Al (6)
[el

GCE Core Mathematics C4 (6666) January 2010 9
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%ﬂ?ﬁgg? Scheme Marks
dx )
a —=-2sinu B1
Q8 (a) @
1 1 ]
————dx= x—=2sinudu M1
JXZ\M—XZ J(Zcosu)2 4—(2cosu)’
-2sinu ]
= du Use of 1-cos®u =sinu | M1
J4c052 uv4sin?u
=—1j L ikJ L |
4 ) cos“u Ccos“ u
=—%tanu (+C) +ktanu | M1
x=+2 =2 =2cosu = u:%
T
Xx=1=1=2cosu = u=§ M1
el = anZoan®
4 = 4 4 3
3
1 J3-1
:—Z(l—\@) [:TJ AL )
J2 2
4
V = — M1
(b) I x(4—x2)“ dx
1
o
:167TJ ————dx 167 x integral in (a) | M1
1 XANA-X?
3-1 .
:167{ n 167 x their answer to part (a) | Alft 3)
[10]

GCE Core Mathematics C4 (6666) January 2010 10
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6666 Core Mathematics C4
Mark Scheme

%L:Jenslggp Scheme Marks
1. @) y(%) ~1.2247, y(%) =1.1180 acceptawrt4 d.p. | B1B1 2)
(b)(i) I z(%j(l.3229+2><1.2247 +1) B1 for % Bl M1
~1.249 cao | Al

(ii) |z(%j(1.3229+2><(1.2973+1.2247+1.1180)+1) Blfor% B1 M1

~1.257

cao | Al (6)
[8]

GCE Core Mathematics C4 (6666) Summer 2010
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Number Scheme arks
2. W _ sinx B1
dx
J'sin x e dx = —I e'du M1 Al

=—g" ft sign error | Alft
— _ecosx+1

[—em”*l]f = —el—(—ez) or equivalent withu | M1
=e(e-1) * cso | Al (6)

[6]

GCE Core Mathematics C4 (6666) Summer 2010
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QNuestion Scheme Marks
umber
d
—(2")=In2.2"
3, +(2) B1
In 2.2X+2yd—y:2y+2xd—y M1 Al= Al
dx dx
Substituting (3, 2)
8In2+4d—y:4+6d—y M1
dx dx
(;I_y =4In2-2 Accept exact equivalents | M1 Al (7)
X

[7]

GCE Core Mathematics C4 (6666) Summer 2010
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QNterﬁggP Scheme Marks
dx . dy )
a — =2sintcost, — =2sec"t
4 (a) o % B1B1
2
dy __sec't (: 1 3) orequivalent | M1 AL  (4)
dx sintcost sintcos’t
T 3
b Att=—, x=—, y=2+v3 B1
(b) 3 7Y
2 T
dy sec 3 16
d_:—ir ﬂzﬁ M1 Al
X sin®cos”™
3
16 3
—23="—| x—— M1
y vs( 4)
3
y=0 = X:§ M1 Al (6)
[10]

GCE Core Mathematics C4 (6666) Summer 2010
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Question Scheme Marks
Number
5 | (a) A=2 B1
2x* +5x—-10 = A(x-1)(x+2)+B(x+2)+C(x-1)
Xx—1 -3=3B => B=-1 M1 Al
X— =2 -12=-3C = C=4 Al (4)
2 _ *1
(b) 2 +ox-10 :2+(1—x)‘1+2(1+5J M1
(x-1)(x+2) 2
(1-x)" =1+ x+x+ .. B1
X\ X X
(1+—) =1l-—+—+ ... Bl
2 2 4
2x% +5x-10 1
S (2+1+2)+ (1) X+ 1+ = X+ .
R TG EIR [143) V1
=5+ .. ft their A-B+1C | Alft
= .. +§x2+ Ox stated or implied | ALA1  (7)
[11]

GCE Core Mathematics C4 (6666) Summer 2010
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Number Scheme Marks
6. (a) f(6)=4cos’ §—3sin’ &
=4 l+1(:052<9j—3(£—10052<9] M1 M1
2 2 2 2
1 7
==+—-C0520 * cso | Al 3)
2 2
1 . 1(..
(b) Iecoszedezzesm20—5j5|n20d0 M1 Al
1 . 1
=—6sin 26 +—cos 26 Al
2 4
1, 7. . 7
jaf(e)ow:ze +05In 20+ 00520 M1 Al
r 2
[ ]P= 7 io-1L —[0+0+Z} M1
0 16 8 8
7t 7
_z 7 Al 7
16 4 "
[10]

GCE Core Mathematics C4 (6666) Summer 2010
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QNuestion Scheme Marks
umber
7. (@) j components 3+24=9 = 1=3 (1=1) M1 Al
Leading to C:(59,-1) accept vector forms | Al (3)
(b) Choosing correct directions or finding AC and BC | M1
1)(5
21.10[=5+2=+6+29cos ZACB use of scalar product | M1 Al
1)(2
ZACB =57.95° awrt 57.95° | Al 4)
(c) A:(2,3,-4) B:(-59,-5)
3 10
AC=|6|, BC=|0
3 4
AC*=3+6°+3> = AC=36 M1 Al
BC’=10*+4> = BC=2v29 Al

AABC :%AC x BCsin ZACB
1

=53x/6x2vz9sin4ACBz33.5 15V5,awrt34 | M1 A1  (5)
[12]
Alternative method for (b) and (c)
(b) A:(2,3,-4) B:(-59,-5) C:(59,-1)
AB* =7°+6°+1° =86
AC?=3"+6"+3"=54
BC?=10*+0%+4° =116 Finding all three sides | M1
cos/ACB=110424780 53066 ) M1 Al
211654
ZACB =57.95° awrt 57.95° | Al 4

If this method is used some of the working may gain credit in part (c) and
appropriate marks may be awarded if there is an attempt at part (c).

GCE Core Mathematics C4 (6666) Summer 2010
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Question
Number Scheme Marks
av
8. (@) P 0.487 —0.67h M1 Al
av dh
V=9zh = —=97—
SR Bl
972'% =0.487-0.67h M1
. dh
Leading to 75a =4-5h * cso | Al (5)
75 . .
(b) .‘-Wdh = Ildt separating variables - M1
-15In(4-5h)=t (+C) [ M1 Al
-15In(4-5h)=t+C
When t=0, h=0.2
-15In3=C M1
t=15In3-15In(4-5h)
When h=0.5
t:15In3—15In1.5:15In(%j:15In2 awrt 10.4 4 M1 A1
Alternative for last 3 marks
0.5
t=[-15In(4-5h)]
=-15In1.5+15In3 M1 M1
=15In (%) =15In2 awrt 10.4 | Al (6)
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Question Scheme Marks
Number
1. jxsiandx:—XCOSZXJrICoszzxdx M1 Al Al
= + Sin 2x M1
4
[ .. 2= 7 M1 Al
o 4
[6]
dl .
2. Ez—lGln(O.S)O.S M1 Al
dl 3
Att=3 E=—16In(0.5)0.5 M1
=-2In0.5=1In4 M1 Al
[5]

GCE Core Mathematics C4 (6666) January 2011 1
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?\Iﬁzgg? Scheme Marks
3.
5 __A B
@ x“1)(3x+2)  x-1 3x+2
5= A(3x+2)+B(x-1)
X—>1 5=5A = A=1 M1 Al
x——2 5--2B = B=-3 Al 3)
3 3
5 1 3
by | [—2—dx=||—- d
() J(x—l)(3x+2) X J-(x—l 3x+2] X
=In(x-1)-In(3x+2) (+C) ft constants | M1 Alft Alft
3)
5 1
—dx=||—|d M1
© j(x—l)(3x+2) X I(yj Y
In(x-1)-In(3x+2)=Iny (+C) M1 Al
K(x-1) . :
y=——-= depends on first two Ms in (c) | M1 dep
3X+2
Using (2,8) 8=% depends on first two Ms in (c) | M1 dep
:M Al (6)
3X+2
[12]

GCE Core Mathematics C4 (6666) January 2011 2
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Question Scheme Marks
Number
4.
(@) | AB=-2i+2j—k—(i—3j+2k)=-3i+5j-3k MLAL  (2)
(b) | r=i-3j+2k+4(-3i+5j-3k) M1 Alft  (2)
or r=-2i+2j—k+A(-3i+5j—-3k)
(c) | AC = 2i + pj—4k —(i —3j+2k)
=i+(p+3)j-6k or CA |B1
1 -3
AC.AB=| p+3|.| 5 |=0 M1
-6 /| -3
-3+5p+15+18=0
Leading to p=-6 M1 Al 4)
(d) | AC?=(2-1)"+(-6+3)" +(-4-2)° (=46) M1
AC =46 acceptawrt 6.8 | Al
(2)
[10]

GCE Core Mathematics C4 (6666) January 2011 3
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?\Iﬁzgg? Scheme Marks
5.
3 -2
(a) (2—3x)‘2:22(1—§xj B1
-2 2 3
(1——x) —1+(—2)(—§xj+ﬁ( E] —2.-3.-4 xj + o M1 AL
2 1.2 2 1.2.3
—1+3x+27f7x LIS
(2-30)2=24 352 2T, MLAL  (5)
4 4 16 8
1 3 27 27
b) | f(x)=(a+bx)| =+=x+—x>+—x>+ ...
(®) ( ) ( )(4 4 16 8 ]
Coefficient of x ??TaJr%:O (3a+b=0) M1
Coefficient of x?: %+%:13 (9a+4b=3) Al either correct M1 Al
Leading to a=-1 b=3 MLAL  (5)
(c) | Coefficient of x° is E+2—7b=£><(—1)+£><3 M1 Alft
8 16 8 16
_Z cao | Al 3)
16
[13]

GCE Core Mathematics C4 (6666) January 2011 4
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Question

Number Scheme Marks
6.
dx 1 dy
—==, Z=2t
O
d
& o M1 Al
dx
Using mm'=-1,at t=3
':—i M1 Al
18
y—7=—i(x—|n3) MLAL  (6)
) | x=Int = t=¢" Bl
y=e*-2 M1 Al (3)
(c) VZEJ(GZX—Z)ZdX M1
J(eZX—Z)Z dx:j(e4x—4ezx+ 4)dx M1
4x 2X
L L M1 Al
4 2
eh ge2 In4
;{ R +4x} =7[(64-32+4In4)—(4-8+4In2)] M1
In2
=7(36+4In2) Al
(6)
______________________________________________________________________________________________________________________________ [15]
Alternative to (c) using parameters
2 dx
Vv :nj t?—2) —dt M1
(-2)
J‘((tZ—Z)Zx}Jdt:J‘(tg—4t+ﬂjdt M1
t t
',
:Z_Zt +4Int M1 Al
The limitsare t=2 and t=4
4 4
ﬂ{%—2t2+4lnt} :ﬂ[(64—32+4ln4)—(4—8+4ln2)] M1
2
=7(36+4In2) Al
(6)

GCE Core Mathematics C4 (6666) January 2011 5
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Question

Number Scheme Marks
7.
(@) x=3 = y=0.1847 awrt | B1
X=5 = y=0.1667 awrtor ¢ | Bl
(@)
(b) Iz%[0.2+0.1667+2(O.1847+O.l745)] B1 M1 Alft
B ~0.543 0.542 or 0.543 | Al (4)
dx
—=2(u-4
(©) | g5 =2u-4) X
1 1
————dx=|=x2(u-4)du
j4+v(x_1) Iu (u=4) M
:I(Z—gjdu Al
u
=2u-8lnu M1 Al
X=2 = Uu=5, x=5=u=6 B1
[2u-8Inu]; =(12-8In6)—(10-8In5) M1
:2+8In(§j Al
6
(8)
[14]

GCE Core Mathematics C4 (6666) January 2011 6
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Core Mathematics C4 6666
Mark Scheme

Question Scheme Marks
Number
1. 0x? = A(x—1)(2x+1)+B(2x+1)+C(x~1)’ B1
X—>1 9=3B = B=3 M1
1 9 ( 3Y
X——= —-=——| C = C=1 Anytwo of A,B,C | Al
2 4 2
x* terms 9=2A+C = A=4 All three correct | Al (4)
[4]
Alternatives for finding A.
X terms 0=-A+2B-2C = A=14
Constantterms 0=-A+B+C = A=4

GCE Core Mathematics C4 (6666) June 2011 4
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Question Scheme Marks
Number
2. F(X)=( o + )" M1
1 1 1
=972( ..+ ..) 3, Zor =
(ot o) 3 gt B1
(l+ kxz)n = 1+nk<® + ... n not a natural number, k =1 | M1
-3 (_%)(_%) 2\2 :
(1+ kxz) = .. +—(kx ) fttheir k 21 | AL ft
2
(1+£x2j2_1—zx2+£x4 Al
9 9 27
12,2, AL ©

[6]

GCE Core Mathematics C4 (6666) June 2011 5
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Question
Number Scheme Marks
3. (a) ﬂ=£ﬂ'h—ﬂ'h2 or equivalent < M1 A1
dh 2
av 1 2 T
At h=0.1, —==7(0.1)-~(0.1) =0.04 —
=57 (01)-7(0.1) z 5 I MLAL ()
dh ov ov 7« 1 T .
b —=——= or —— =+ their (a
®) &t d dh 800 izh-zh? 800 @ |m1
dh 7 25 1
Ath=01, —=——x—=— awrt 0.031
&t 800 x 32 Al @)
[6]

GCE Core Mathematics C4 (6666) June 2011
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Question Scheme Marks
Number
(@) 0.0333, 1.3596 awrt 0.0333,
4, 13596 Bl B1 2
1 V2
b) A Ry =x—]| ...
(b) rea()2x4[] B1
~ ... [0+2(0.0333+0.3240+1.3596) + 3.9210] M1
~1.30 Accept
13 Al 3
(c) u:x2+2:>d—u:2x B1
dx
Area(R)—J.sz3In(x2+2)dx B1
N 0
[¥*In (5 +2)dx = [x* In(x* +2) xdx = [ (u—-2)(Inu)du M1
1 4
Hence Area(R):EJ2 (u-2)Inudu 3 Al 4
Cso
(d) J(u—Z)Inudu: £—2u Inu- ﬂ £—2u L M1 AL
2 J\2 u
2 r*
= u——2u Inu- [E— jdu
J\2
u2 2
= ?—ZU Inu—(——Zu] (+C) M1 Al
2 2 4
Area(R)=£{[u——2ujlnu—(u——2uﬂ
21\ 2 4 ,
=1[(8-8)In4-4+8—((2-4)In2-1+4)] M1
=1(2In2+1) In2+1 | A1 (6)
[15]
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Question
Number Scheme Marks
1d
5. A Bl
y dx
1
=2In x+2x(—j M1 Al
X
At x=2, Iny=2(2)In2 M1
leading to y =16 Accept y=e*"*| || AL
1 dy
At (2,16 ——==2In2+2
( ) 16 dx M1
d—y:16(2+2In 2) Al )
dx
[7]
Alternative
y:ez><lnx Bl
d 1
—(2xInx)=2Inx+2x| = M1 Al
dx X
ﬂ:(zm x+2x(£De2X'”x M1 Al
dx X
At x=2, ﬂ:(ZIn2+2)e‘””2 M1
dx
=16(2+2In2) Al (")

GCE Core Mathematics C4 (6666) June 2011 8
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Question
Number Scheme Marks
@ i 6-1=-5+2u
J: -3+24=15-3u Any two equations —| M1
leadingto A4=3, u=4 M1 Al
6 -1 3 -5 2 3
r=|-3(+3] 2|=|3| or r=|15|+4| -3 |=|3 M1 Al
-2 3 7 3 1 7
ki LHS =-2+3(3)=7, RHS =3+4(1)=7 Bl (6)
(As LHS = RHS, lines intersect)
3
Alternatively for B1, showing that A =3 and =4 both give | 3
7
-1 2
(b) 2 || -3 |=-2-6+3=+V14+14cos¢d (6~110.92°) M1 Al
1
Acute angle is 69.1° awrt 69.1 | Al 3
6 -1 5
(¢ r=|-3|+1 2|=|-1| ( = Bliesonl,) B1 (1)
-2 3 1
Il
(d) Letd be shortest distance fromB to |,
i 5) (3 2 A d
AB=|-1|-|3|=| -4 0 | M1
1) \7) | -6 ?
‘%Lg,‘ = «/(22 +(-4)’ +(—6)2): V56 awrt 7.5 | | Al
i:s.in¢9 M1
V56
d =v565in69.1° ~ 6.99 awrt6.99 | Al 4)
[14]
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Question

Number Scheme Marks
. V3
7. (@) tand=+3 or sm0:7 M1
T
0 = 3 awrt1.05 | Al (2)
(b) %:seczﬁ, ﬂ:cose
do de
dy cosé 3
—= =C0S" 4
dx sec’d ( ) MIAL
(7)) 1 ..
At P, m = oS (§j=§ Can be implied | A1
Using mm'=-1, m' =-8 [ M1
For normal y—4V3=-8(x—-V3) M1
AtQ, y=0 ~1y3=-8(x—v3)
leading to x=4y3 (k=%) 1.0625 | Al (6)
dx .
c 2dx = | y*==d@ = |sin® @sec’ 6do
© [y Jy —590=] M1 Al
=J.tan26?d6? Al
:'[(seczé’—l)dé’ M1
=tand-6 (+C) Al
V=z[’y dx=[tano-0]; =z[(v3-%)-(0-0)] L M1
=\3r—ir? (p=1g=-%) Al (7)
[15]
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Question Scheme Marks
Number
(a) J.(4y+3)_%dx:(4y+3)§ (+C) MLIAL  (2)
8. (4)(2)

(=%(4y+3)% +C)

1 1
b ———dy=| =d
) JV(4y+3) y sz X Bl
I(4y+3)'% dy :jx’2 dx
%(4y+3)%=—% (+C) M1
. 1 1 1
Using (-2.15) (4x15+3)'=——+C M1
leading to C=1 Al
—(4y+3)% N}
X
(4y+3)%=2—§ M1
2
y=£[2—gj 23 or equivalent Al (6)
4 X 4

[8]

GCE Core Mathematics C4 (6666) June 2011 11




PhysicsAndMathsTutor.com

edexcel

cing learning, changing live

Mark Scheme (Results)

January 2012

GCE Core Mathematics C4 (6666) Paper 1



PhysicsAndMathsTutor.com

January 2012
6666 Core Mathematics C4
Mark Scheme

Question
Number Scheme Marks
)55( dy 2 dy
: X 2+6y—+| bxy+ X — = & M1A1l Bl
1. (a) {)fo } de [ y de X A =
dy _ 8x—2- &y : .
- = not necessarily r red.
{dx By +3x° } Ty redd
dy _ 8(-1)- 2- 6¢ 1)(1) 4
At P(-11), m(T)=— = =
(=29, m(T) = 5 6(1)+ 3€ 1 9 dML AL cso
[5]
-1 9
So,mN)=— <= —
(b) N) = { 4} M1
9
N: y—1=z(x+1) M1
N: 9x - 4y +13= 0 Al
[3]
8
(@) M1: Differentiates implicitly to include eithet kyﬂ or 3x2ﬂ. (Ignore & =1).
dx ax dx
Al (2x+3y2) - (2+ 6y %} and (4x2 - Q() Note: If an extra “sixth” term appears then award AO.
X
Bl 6xy+ 3x2ﬂ.
dx
dM1: Substitutingx =-1andy = 1 into an equation involvingjl. Allow this mark if either the numeratq
X
or denominator otd— = w is substituted into or evaluated correctly.
dx 6y + X
If it is clear, however, that the candidate is intending to substitat® andy = — 1 then award MO.
Candidates who substitute=1andy = - 1. will usually achievem(T) = -
Note that this mark is dependent on the previous method mark being awarded.
Al For—ﬂ or —% or —O.'4 or awrt— 0.4«
If the candidate’s solution is not completely correct, then do not give this mark.
, 1
M1: AppliesmN) =— ———.
(b) PP ® their m(T)
M1 Usesy-1=(m)(x--1) orfindsc using x = —1and y = 1and usesy =(m,)x +"c",
1 1 .
Wherem, =—— or =— or = —their m(T).
i their m(T) M their m(T) M ™)

Al: 9x—-4y+13= 0or -9x+4y-13= 0or 4y - 9x — 13= Oor 18x - 8y + 26= (etc.
Must be “=0". So do not allo@x+ 13= 4y etc.
By + 3x°

Note: m, = —( ] is MOMO unless a numerical value is then foundrfgy.

8x—2-6xy

=
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Alternative method for part (a): Differentiating with respect to y

&x 2%+6y+ 6xy%+3<2 :&%
dy dy

Y dy

M1: Differentiates implicitly to include eithéi‘% or 6xy% orikxz. (Ignore(% =]).
dy dy dy dy

Al (2x+3y2) > [2% + 6yJ and [4x2 > SX%J. Note: If an extra “sixth” term appears then award A
y y

Bl 6xy+ 3x2ﬂ.
dx

dM1: Substitutingx = -1andy = linto an equation invoIvingg—X or ﬂ Allow this mark if either the
2
numerator or denominator eq‘)—( - _oy+3x is substituted into or evaluated correctly.
dy 8x—2-6xy

If it is clear, however, that the candidate is intending to substiteté andy = — 1 then award MO.
Candidates who substitute=1andy = - 1. will usually achievem(T) = -
Note that this mark is dependent on the previous method mark being awarded.

Al: For—ﬂ or —E or —0..4 or awrt— 0.4«
9 18

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

0.
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Question Scheme Marks
Number
2. (a) J.xsin3x & = —%x cosS—J. —% cosg{ M1 Al
1 1 .
= -=xcosX + = sin¥{+c} Al
3 9
(3]
(b) Ixzcos& & = %xz sinS—J‘%x sing{ x} M1 Al
=L sinax-2[ - xcosx + L sing {+¢ Al isw
3 3L 3 9
1., 2 2 .
=3X sin3x + o cosX - 5 Sin g {+¢} Ignore subsequent working [3]
6
(a) M1: Use of ‘integration by parts’ formulav — jvu' (whether stated or not stated) in toer ect direction,
wheeu=x - u' =1 andVv =sin3 - v =k cosX(seen or implied), wheteis a positive or negative
constant. (Allowk =1).
This means that the candidate must achieflecos X) —J (k cos8), wherek is a consistent constant.
If x*appears after the integral, this would imply that the candidate is applying integration by parts in the
direction, so MO.
Al: —%xcos&—j —% cos8{ ® . Can be un-simplified. Ignore t{elx} .
Al: —%xcos& +% sin& with/without +c. Can be un-simplified.
(b) M1: Use of ‘integration by parts’ formulav — Ivu' (whether stated or not stated) in toer ect direction,

wheaeu=x*> - U =2xorx andv=cosX - v=A1 sinX(seen or implied), wherg is a positive or
negative constant. (AlloW =1).

This means that the candidate must achie\(@ sin3x)—J. 2X (A sinX , whereu' = 2x

or x2(/lsin3><)—-[ X (A sin& ), whereu' = x.

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

Al: %xzsin&—-[éx sin{ o} . Can be un-simplified. Ignore t{elx} .

Al: %xzsin&—é(—éx cosX +—; singj with/without + ¢ can be un-simplified.

You can ignore subsequent working here.
Special Case: If the candidate scores the first two marks of M1A1l in part (b), then you can award the fin

asa follow through for % x? sin 3x —g( their follow through part(a) anSV\)e

Al

wr

wr

/
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(Ngﬁrisbt(laorn Scheme Marks
1 _ o X\ _1f, 5x)”’ 21
3.(a ———=2-%)"=(2 | 1-=| =5|1-—= 2)“or— | Bl
@ | gray s @0 =@ (3] =Y @ory |
1 -2)(-
:{Z} { 1+(-2)(** ) +%(** Y+, } ses notes| M1 Alft
2
:{1} 1+(—2)(_§]+M(_§j + ...
4 2 2! 2
= %{1+ 5X;+ 775x2+...} See notes below!
=1+§x;+£3x2+... Al: Al
4 4 16
[5]
) 2+ kx2 = 2+io0[ L+ 2x s {7—5x2+...} Can beimplied by later work |
(2-5x) 4 4 16 evenin part (c).
x terms: @+ kx _ X
4 4
giving,10+k=7= k=-3 k=-3 | A1
[2]
2 2
(c) x? terms: 150 | 5k4x M1
— L
So, A:7—5+L3) - po & 4—5or5§ or 5.625 | A1
4 8 4 8 8 8
[2]
9
(a) Bl (2)?2or 1 outside brackets oﬁ as candidate’s constant term in their binomial expansion.

N

M1 Expand; to give a simplified_or an un-simplified,
** *%* (_2)(_ 3) X % 2 (_2)(_ 3) *%* 2 **
1+ (_ 2)( X) or (_2)( X) +T( X) ...... +T( X) ,Whel’e ¢1 .

Al: A correct simplified or an un-simplifietl+ (- 2)(** X) +#(** ¥ *expansion with candidate’s

follow through(** x). Note that(** x) must be consistent.

You would award BIM1AQ fO"—'%{ 1+(- 2)(_5_2)(}@(_5)()2 + } because ** is not consistent]

2!

. _ 2
Invisible brackets {%} { 1+(- 2)(—%}%@(—%} +... ] is M1AO0 unless recovered.

Al: For %+gx (smplified fractions) or Also allow 0.25+ 1.2% or%+1711x.

Allow Special Case Al for either SC: %1[1+ 5x;...] or SC: K[1+ 5X + 7—:)x2+...}.

Al: Accept onIyE’x2 or 411 or 4.6875¢
16 16

Alternative method: Candidates can apply an alternative form of the binomial expansion. (See next

page
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3. (b)

(c)

(b)

(c)

M1: Candidate writes dow2 + kx)(their part (a) answer, at least ugthe term in x)

2+ kx)(1+§x+ j or (2+ kx)(1+§x+£3x2+..) are fine.
4 4 4 4 16

This mark can also be implied by candidate multiplying out to find two terms (or coefficieats)
Al: k=-3

M1: Multiplies out their(2 + kx)G1 + gx + I—gxz + j to giveexactly two terms (or coefficients) i’

and attempts to firusing a numerical value &f

Al: Either4—85 or 52 or 5.625 Note: %5x2 is AO.

Alter native method for part (a)
(2-597 = @+ 2@ €502 2y ¢ 55

1 -2
B1. — or(2) -,
2 (2)

M1: Any two of three (un-simplified) terms correct.

A1l: All three (un-simplified) terms correct.

Al 1 + isx

4 4

5.0

16

Note: The terms in C need to be evaluated;’&)(2) >+ °C,(2) °(-5x)+ °C, (2)* ¢ 5 ¥ without

further working is BOMOAO.

Al:

Alternative method for parts (b) and (c)
2+kq)= (2- 5x){%+771x+ AX*+ j

(2+kx) = (4- 20k + 25° £%+£X+AX2+.J

(2+kx)= 2+ (Tx— 1O<)+(4Ax2 - 3%° +275sz

Equatex terms: k = -3

Equatex® terms: 0 = 4A — 35+2—25 = 4A=%3 = A:ig5

M1: For (2+kx)= (4£Ax+ 25¢ {%+771x+ Ax2+...j, whereA #0

Al: k=-3
M1: Multiplies out to obtain three®® terms/coefficients, equates to 0 and attempts to&ind

Al: Either%5 or 52 or 5.625 Note: %5)(2 is AO.
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Question

Number Scheme Marks
2. 2
Volume = 7 2x dx Use ofV = ﬂj ? dx
4. 3 +4 Iy &.1B1
.O
Y , £ kin(3x* +4) | M1
= (m)|ZIn(3x + 4)} 1
|3 0 ~In(3x* +4) | AL
3
_ (1 (1 Substitutes limits of 2 and 0
= () _(3In16j [3 In 4}} and subtracts the correct way rou ndML
So Volume= %nln4 %nln4 or %nlnz Al oe isw
[5]
5

NOTE: is required for the B1 mark and the final A1 mark. It is not required for the 3 intermediate m
B1l: For applyingn_[ y®. Ignore limits ancdx. This can be implied by later working,

but the pi andj-%1r must appear on one line somewhere in the candidate’s working.
X

2
B1 can also be implied by a correct final answaiote: ﬂ(jy) would be BO.

Working in x
M1: For + kln(3x2 + 4) or J_rkln(x2 + gjwhere kis a constant arklcan be 1.

Note: MO for + kxln(3x2 + 4).

Note: M1 can also be given far kln( p(3x2 + 4)) , wherek andp are constants aridcan be 1.
Al Fort In(3x2 + 4) or Sin —1(3x2 + 4) or i x2 + 2] ord In(p (3¢ + 4).
3 3 (3 3 3 3

You may allow M1 Al fors[ X In(Sx2 + 4) or 3 In(Sx2 + 4)
3\ x 3\ 6x

dM1: Substitutes limits of 2 and 0 and subtracts the correct way round. Working in decimals is fine fo

1

1
1 2 6

Al: For ether l7TIn4, lln4”, g77In2, min43, min 23,Eﬂln(£3}, 2In & , etc.
3 3 3 3 4 45

Note: %n(lnlﬁ— In4) would be AO.

Working in u: whereu =3x* + 4,
M1: For = klnu wherek is a constant arkican be 1.
Note: M1 can also be given fat kin ( pu), wherek andp are constants aridcan be 1.

Al: Forllnu or EIn3u or—llnpu.
3 3 3

dM1: Substitutes limits of 16 and 4 in u or limits of 2 and @ and subtracts the correct way round.
Al: As above!

arks

r dM
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Question

Number Scheme Marks
5. x=4sin(t+7—6T], y = 3cos? , Qt< &
dx Vg d .
=4co —|, —=-6sin2 B1B1
@ | { 6} dt
So, dy __~6sin2
dx 4co{t +”] B1V oe
_\ 68
(3l
(b) {ﬂ=0 :>} -6sin2=0 M1 oe
dx
= = i ]_T = = =
@t=0, x-4sn{6) 2, y=3cos& 3 (2,3 M1
@t—E, X= 4SIF(27T) :TS, y=3cosr=-3- (2/_3,— 3)
@t=sm, x= 4su{ )=—2,y= 3cos&= 3- H 2,3
@t—— X= 4SIF(?7TJ = 4(_f) , y=3cos3r=- 3> ¢ 2/_3,— 3 AlAIAL
[5]
8
R dx _ T dy _
(a) B1: Either one ofa =4cost + ry or o —-6sin2 . They do not have to be simplified.
. dx dy L
B1l: Both o anda correct. They do not have to be simplified.
Any or both of the first two marks can be implied.
Don’t worry too much about their notation for the first two B1 marks.
B1: Their% divided by their% or theirﬂx;. Note: This is a follow through mark.

dt their(dx)
dt
Alternative differentiation in part (a)
x = 24/3sint + 2cos = %= 2 3cds-  2sir

y=3(2coét - 1)= %z $- 4cos sh)
or y =3cogt - 3siAt = %z—Gcos sirt— 6sih cds

or y=23(1- 2sirft ) = d_i/ g~ 4cos sit)
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5. (b)

M1: Candidate sets their numerator from part (a) or t%%irequal to O.

Note that their numerator must be a trig function. Ign%?eequal to O at this stage.

M1: Candidate substitutes a found value, &b attempt to find either one ofaxy.

The first two method marks can be implied by ONE correct set of coordinates, fgyor (y, x) interchanged.
A correct point coming from NO WORKING can be awarded M1M1.

Al: Atleast TWO sets of coordinates.

Al: Atleast THREE sets of coordinates.

Al: ONLY FOUR correct sets of coordinates. If there are more than 4 sets of coordinates then award
Note: Candidate can use the diagram’s symmetry to write down some of their coordinates.

Note: When x = 4sin(gj = 2 ,y= 3cos & is acceptable for a pair of coordinates.

Also it is fine for candidates to display their coordinates on a table of values.
Note: The coordinates must be exact for the accuracy marké&s.46..., -3) or (-3.46..., -iis AO.

Note: % = 0= sint = 0 ONLY is fine for the first M1, and potentially the following M1A1A0AO.
X

Note: % =0= cod = CONLY is fine for the first M1 and potentially the following M1A1A0AO.
X

Note: % = 0= sint = 0& cog = 0 has the potential to achieve all five marks.
X

Note: It is possible for a candidate to gain full marks in part (b) if they make sign errors in part (a).

(b) An alternative method for finding the coordinates of the two maximum points.
Some candidates may uge 3cos 2 to write down that the-goordinate of a maximum point is 3.

They will then deduce that=0 or 77 and proceed to find thecoordinate of their maximum point. These
candidates will receive no credit until they attempt to find one of-dwordinates for the maximum point.

M1M1: Candidate statey = 3 and attempts to substitute= 0 or /7 into x = 4sin(t + %Tj .

M1M1 can be implied by candidate stating ei(BeB) or (2, - 3).

Note: these marks can only be awarded together for a candidate using this method.
Al: For both(2, 3) or (-2, 3).
AQAO: Candidate cannot achieve the final two marks by using this method. They can, however, achiev

et

marks by subsequently solving their numerator equal to 0.
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Question

Scheme Marks
Number
6. (a) 0.73508 Bl cao
(1]
(b) Areaz%xg ;x[ 0+ 2 their 0.73508 1.17157 1.02280 ] Bl M1
=%>< 5.8589... = 1.150392325= 1.15((4 dp) awrt 1.1504| Al [3]
du .
(c) {u=1+cos¢ = o - sinx Bl
ox
M dx = M)dx sSin2x = 2sinX cox B1
(1+ cosx) (1 + cosx)
= ".—4(”_1).(—1)du {z 4J.—(1_”) cu} M1
u u
1
:4“‘(——jd1=4(lnu—u)+c dm1
u
= 4In(1+ cox) = 4 & cos)+c = 4In(1+ cox) - 4cog +k AG | Al cso [5]
0 T Applying limits x =~ and
(d) = {4|n(1+ cos—j - 400&} -[ 416 £ cog6 4cop PPYINg 2 M1
2 2 x = Oeither way round
=[4In1- 0 -[4In2- 4
+4(1- In2)or
= 4-4In2{= 1.227411278}. +(4-4In2) or awrt+1.2, | Al
however found.
Error = |(4- 4In2 - 1.1504/.
|( 3 | awrt 10.0077 Al cso0 [3]
=0.0770112776..= 0.077 (2< or awrt +6.3(%)
12
(a) B1: 0.73508 correct answer only. Look for this on the table or in the candidate’s working.
(b) B1: Outside brackets%xg or 1—7; or awrt 0.19¢€

M1: For structure of trapezium rl{le ............ ] ; (0 can be implied).

Al: anything that rounds to 1.1504
Bracketing mistake Unlessthe final answer impliesthat the calculation has been done correctly

Award BIMOAO for%xz—; + 2(their 0.73508 1.1715¥% 1.022)E (nb: answer of 6.0552).

Award B1IMOAO for%xz—; 0+ 0)+ 2( their 0.73508 1.17157 1.022)5 (nb: answer of 5.8589).

Alternative method for part (b): Adding individual trapezia
7 | 0+0.73508 0.73508 1.17157 1.17H57 1.02280 2802 O
Area= g 2 2 ¥ 2 T3

} = 1.150392325.

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

M1: One of first and last ordinates, two of the middle ordinates inside brackets ignoring the 2.
Al: anything that rounds to 1.1504
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6. (c)

(d)

du . . dx 1
— =-=sinx ordu=-sinxd&k or—=— oe.
du -sinx

B1l: For seeing, applying or implyingin 2x = 2sinx cox

B1:

M1: After applying substitution candidate achieves JM (du) or =k J@ (du).
u u

Allow M1 for “invisible” brackets here, egt JM (du) or + Jw (du) , wheredis a
u u
positive constant.
dM1: An attempt to divide through each termugnd * k J' (1 - j du - £k(Inu - u)with/without
u

+ ¢. Note that this mark is dependent on the previous M1 mark being awarded.

Alternative method: Candidate can also gain this mark for applying integration by parts followed by a
correct method for integratintpnu. (See below).

A1: Correctly combines thei# cand” -4 " together to give4|n(1+ c09<) - 4cog + k

As a minimum candidate must write eithéin(1+ cosx) - 4 1 cos)+c - 4lfpt cog- 4crsk

or 4In(1+ cosx)- 4 ¥ cog)+k - 4l cog- 4crsk
Note: that this mark is also for a correct solution only.
Note: those candidates who attempt to find the valdewfl usually achieve AO.

M1: Substitutes limits ofx :g and x =0 into {4In(1+ cos<) - 4cox} or their answer from part (c) and

subtracts the either way roundNote that: [4In(1+ cosgj - 4co1sﬂ —[ Iis MO.

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

This mark can be implied by the final answer of either a®r077 or awrt+ 6.3
Al: For either awrt: 0.077 or awrtt 6.3 (for percentage error). Note this mark is foora ect solution
only. Therefore if there if a candidate substitutes limits the incorrect way round and final achieves (u
fudges) the final correct answer then this mark can be withheld. Note that awrt 6.7 (for percentage
AO.
Alter native method for dM1 in part (c)

J'(l;u) du =((1—u)|nu—"‘—lnudu} =((1—u)|nu + U Inu —J'E dj]z (@ u)lnu+u Inu - u)

or J.%du=((u—1)|nu—j|nud1}=[(u—1)|nu—(u Inu—J‘E dJB= (G- Dlu-u lru+u)

So dM1is for JM du going to((1-u)Inu +ulnu-u) or ((u-1)Inu-ulnu+u) oe.
u

Alternative method for part (d)

MlAlfor{4J.1(%— jou :}4[|nu—u]12= 4(In1-3-(In2= 2]= = Inp

2

Alternative method for part (d): Using an extra constant i from their integration.
[4In(1+ cong - 4001&; + )\} - 4l6 £ cog6  4cosQh]

A is usually—4, but can be a value &fthat the candidate has found in part (d).
Note: The extra constand should cancel out and so the candidate can gain all three marks using this

suall
error

method, even the final Al cso.
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Question

Number Scheme Marks
7 OA=2i-j+5% , OB=5+3+1& {OC= 2+ 4+ B} &OD=-i+j+dk
(a) AB==#((5i+2j+1k ) (2-j+ k)= 8+ 3+ & M1; Al
[2]
2 3 5 3
(b) l:r=|-1]+A|3| or r=| 2|+A|3 See notes| M1 Alft
5 5 10 5
[2]
Let & = BAD
Letd be the shortest
distance fronC to|l.
B I
-3 3
(c) -1|=| 2| orDA=|-2 M1
4 5 -1 1
3) (-3 Applies dot product
3le| 2 formula betweer
2B« AD 5] | -1 their (KE or ABGA) M1
cosf= ——— = — —
[AB|[AD|  J@P+@F+®F JE3F+ (2 + €1f  and their(AD or DA).
cos =+ -9+6-5 Correct followed througt AL
\/(3)2 + (3% + (5 \/ C3F+ (2F+ € 1 expression oequation.
-8 Al cso AG
cosfd = ——— = 6=109.029544.= 109 (nearés
mm ( awrt 109
S [4]
(d | OC=0D+DC=0D+AB=(-i+]j+4k)+ (3+3+K) V1
OC=O0B+BC=O0B+AD = (5 +2j+1k) + (-3 + 3-k)
S0, 0C = 2i + 4j + &K Al
[2]
(€) | AreaABCD = (%(\/4_3)(\/ﬂ)sin10§) x 2= 23.198949 awrt 23.2 | M1: dM1 A1
[3]
d .
f —=sin71  or /43d = 23.19894905. M1
O T
O d = 14sin71 = 3.537806563 awit 3.54| Al

[2]
15
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7.(a)

(b)

(c)

(d)

(e)

(f)

M1:

Finding the difference betweedB andOA.

Can be implied by two out of three components corregit+n3j + & or —3i — 3 — XK

Al:
M1:

3i+3+ K

An expression of the forr(13 component vectﬁw_k )I( 3 component Ve):

Alft: r :6ﬂ+/](their iﬂé) or r :6I§+A(their iﬂé) .

Note: Candidate must begin writing their lineas or | =...

or|y|=.. So, Line=.. wouldbe AO.

M1: An attempt to find either the vectdD or DA.
Can be implied by two out of three components correctiie B~k 2or 3 — 3 +k , respectively.

M1: Applies dot product formula between th(e@ orﬁ) and their(ﬁ or ﬁ)

A1ft: Correct followed through expressionaguation. The dot product must be correctly followed throug

correctly and the square roots although they can be un-simplified must be followed through correctly.

Al: Obtains an angle of awrt 1@ correct solution only.
Award the final A1 mark if candidate achieves awrt 109 by either taking the dot product betwee
3 -3 -3 3
() [3]and| 2| or (i) | -3| and| - 2|. Ignore if any of these vectors are labelled incorrectly.
5 -1 -5 1
Award AO, cso for those candidates who take the dot product between:
-3 -3 3 3
(i) -3|and| 2| or (iv) |3|and|- 2.
-5 -1 5 1

They will usually find awrt 71 and apply 180 — awrt 71 to give awrt 109. If these candidates give
convincing detailed explanation which must include reference to the direction of their vectors then this
given Al cso. If still in doubt, here, send to review.

M1: Applies eitherOD + theirAB or OB + their AD .

This mark can be implied by two out of three correctly followed through components BEheir
Al For2i +4j+ XK.
M1: 1(their AB)(theirCB) sir( their 109 or 71 from (h. Awrt 11.6 will usually imply this mark,

dM1: Multiplies this by 2 for the parallelogram. Can be implied.
Note: 1((their AB + their AB ))( theirCB) siff their 109 or 71 from (p

Al: awrt 23.2

1 — :sin(their109 or 71 from (t))or (their AB) d = (their AreaABCD '
their AD

Award MO for(their AB) in part (f), if the area of their parallelogram in part (e) is
(their AB)( theirCB) .

Award MO for =sin71 or (their\/ﬁ)d = 23.19894905

d
their\/I%
Al: awrt 3.54

jh

157

can

Note: Some candidateswill usetheir answer to part (f) in order to answer part ().
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Alter native method for part (c):

Applying the cosinerule:

-1 2 -3 3
AD=0OD-OA=| 1|-|-1|=| 2| orDA=|-2 M1: as above.
4 5 -1 1
5 -1 6 -6
DB=OD-OA=| 2|-| 1|=|1| orBD=| -1
10 4 6 -6

So ‘Kﬁ‘ =./43, ‘KIS‘ =14 and‘ﬁﬁ‘ =73

(V) + (Vi) - (V7§

a’+b*-c?
2ab

M1: Cosine rule structure afosd = assigned

cosf = each of |AB|,|AD | and|DB| in any order as thed, b andc.
e o 0| s
A1l: Correct application of cosine rule.
coséd = _-16 = 6 =109.029544..;= 109 (nearés Al: awrt 109 (no errors seer\G
2.43./14 ' ) '

Alternative method for part (d):

2 3
OE=|-1|+4|3
5 5
2+ 31 -1
DE=|-1+31|-| 1| =
5+ 54 4
3+ 31
DE«AB=0= |-2+3}|e
1+51

3+ 3

-2+ 3

1+ S

3

3|=0

5

M1: Takes the dot product betwe®E  akBland
progresses to find a value af

9+ 9N -6+N+ 5+ 3 = O:>/1:—E
43

2+ 31 -1
DE=|-1+3}|-| 1| =|-
5+ 54 4

Length DE =3.537806563.

103
43
110
43
3
43

dM1: Uses their value ofl to find DE

Al awrt 3.54
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Sﬂrisbtlec;n Scheme Marks
8.(@ |1=A5-P)+BP Can be implied] M1
Azl, B =—1 Either one.| Al
5 5
ving 3 + 3
iving = +
giving P G-P) See notes| A1 cao, aef
(3]
1 1
b ——dP = | = B1
() J'P(S -P) ,[15
1 1 _1 M1*
gInP—gIn(S— P)—1—5t (+¢) ALft
_ _ 1 1 _ 1
{t=0,P=1=} glnl—gln(4)—0+c = c——gln4 dM1*
Using any of the
eg: L O subtraction (or addition) ./«
5 (5-P 15 5 laws for logarithms
CORRECTLY
n| 22| =2t
5-P 3
eg: - =& or eg 2 =e Eliminate In’ tly] dm1*
S TP iminate In’s correctly,
gives 4P = 5¢' - P& — P (4+ & ¥ 5&
5e' ar
P= i ¢ i ) Make Pthe subject{ dM1*
(4+e) |Ee)
:% Orpzi_ltetcl Al
@+4e®) (5+20e%)
[8]
(c) 1+4e%'>1 = P<E So population cannot exceed 5000. Bl
[1]
12
€)) M1: Forming a correct identity. For examples A& —P + BP. Note A andB not referred to in question).

Al: Either one ofA:% or B =%.

1 1 1
Al: 5 + 5 or any equivalent form, eg:=— +
P (-P) yeq 5P  25-

This answer must be stated in part (a) only.

, etc. Ignore subsequent working.

1

Al can also be given for a candidate who finds b@th% andB = T and é + is seen in their

working.
%

1
Candidate can use ‘cover-up’ rule to write do%n+ 3 as so gain all three marks.

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

(c)

B1l: Separates variables as showdP and dt should be in the correct positions, though this mark can b
implied by later working. Ignore the integral signs.
M1*: Both £AInPandx u In&k 5+ P ), whered and i are constants.

Or tAInmP andx  Inf & 5+ P)), whered, u, mandn are constants.

A1ft: Correct follow through integration of both sides from th}% + (SNP) dP = J‘K ct

with or without+c
dM1*: Use oft =0and P =1 in an integrated equation containing ¢
dM1*: Using ANY of the subtraction (or addition) laws for logarithms CORRECTLY.
dM1*: Apply logarithms (or take exponentials) to eliminate In's CORRECTLY from their equation.
dM1*: A full ACCEPTABLE method of rearranging to makeh® subject.(See below for examples!)
AL P=—2> — {wherea= 5p=1c= }.
@+4es)
25
(5+ 206 )
Note: If thefirst method mark (M 1*) is not awarded then the candidate cannot gain any of the six
remaining marksfor thispart of the question.

1 1

Note: ;dP =115d = |[2+——dP = |15d = InP-In(5-P)= 15 is BOM1ALft.
P(5-P) P (5-P)

dM1* for making P the subject

Notethere arethreetype of manipulations herewhich are consider ed acceptable to make P the subject.

Also allow any “integer” multiples of this expression. For examples

(1) Mifor —— ="' > p=58-Pd = p@ &3 %:P=—J%;
5-P a+e)

) leorL=e%t:>ﬂ=e%t :E—lze%tzgz '+ 1= P= 51
5-P P P P @+e')

2
@)MHmP@—m=4$:ﬁﬂ—?=—4§:(P~3-nf=—%3meng=.

Note: The incorrect manipulation ofl _P

— —1 or equivalent is awarded this dMO*.
5-P 5

1

Notee (P)-(6-P)=¢€¢ = 2P - 5= %t leading toP = . or equivalent is awarded this dMO*

Bl 1+46*>1 and P<5 and a conclusion relating population (or eM@nor meerkats to 5000.

For P = 2 B1 can be awarded f6r+ 20€® > £ and P<5 and a conclusion relating

(5+ 206" )
population (or ever) or meerkats to 5000.
a

B1 can only be obtained if candidates have correct valuesantl b in their P = (b—'lt)
+ce’?

Award BOfor: Ast - oo, e® . 0. SoP - =5, so population cannot exceed 5000,

1+0)

: 5 : : : :
unless the candidate also proves tHat= ———— oe. is an increasing function.

1+ 4e)
If unsure here, then send to review!
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Alternative method for part (b)

BIM1*AlL: as before for ~InP - }In(S -P)= Ly (+¢)
5 5 15
Award 39 M1for In P_|- 1t +C
5-P 3
h P 1t
Award 4" M1 for — = Ae
5-P
Award 2 M1 for t=0,P=1= Silee
P _ 1 1t
- = _e3
5-P 4

then award the final M1A1 in the same way.
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June 2012
6666 Core Mathematics C4
Mark Scheme

Question

Number Scheme Marks
1. @ 1= A(3x-1)" +Bx(3x—1)+Cx B1
x—0 (1=A) M1
X—>3 1=:C = C=3 any two constants correct | A1l
Coefficients of x?
0=9A+3B = B=-3 all three constants correct | Al (4)

(0)(i)

[

() [ f(x)dx

1.3 3 i
X 3x-1 (3x—1)2

3 3 =]
Inx—=1n(3x—1)+ ———(3x -1 C ~
nx-2In(3x )+(_1)3( x-1)" (+C) M1 Alft Alft
= Inx—In(3x-1)- C
nx-in(ax-n) -2 (- )]
l 2
=|Inx—In(3x-1)-
3x-1],
1 1
=[In2-In5-=|-|In1-In2-= =
[w2-tws-g)-{ims-we-3) i
—In 22 L M1
5
3. (4
=2 41nl2
10+ n(Sj Al (6)

[10]
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Question

Number Scheme Marks
2 @ V=x= ;Iﬂ=3x2 * cso | B1 1)
X
by X_dx & _0048 M1
dt ov dt  3x?
At x=8
dx 0.048
= =0.00025 ( cms™ 2.5x10™*
(c) S=6x* = d—8:12x B1
dx
O'_S—O'_Sx%—ux(—o'048 M1
dt  dx dt 3x2
At x=8
ds 2 -1
—=0024 (cm?s™) Al (3)

[6]
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?\ltersggp Scheme Marks
3 [@ f(X)= o (v —x)? M1
:6x95( ) 9%,g,Zorequivalent B1
_1)(—3 _1)(—3)(—5 :
- (1+(—%)(kx),+( 2)2( 2) (1o 2)(35)( %) (e + } ML Alft
2
:2(1+§x+ j or 2+—x | Al
S S . U I Al (6)
9 27 729
4 40
b A
(b) g(x) 57X "9 B1ft 1)
4 4 2 40 3
h =2+—(2 —(2 —(2
() h(x) +9( x)+27( X) +729( X) M1AL (2
(:2+§X+EX2+@X3+ j [9]
9 27 729
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?\llijer:gce):] Scheme Marks
4. _[ydy =J 32 dx Can be implied. Ignore integral signs | B1
COS” X
:I3seczxdx
1.
Ey =3tanx (+C) — | M1 A1
T
=2, X=—
d 4
12 _3nZic L
2 4
Leading to
C=-1
%yz =3tanx-1 or equivalent | Al (5)
[5]
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Question

Number Scheme Marks
iferentiating implici i say? Y . dy
5. (a) Differentiating implicitly to obtain +ay r and/or +bx r M1
X X
48y2d—y+ .. —54 .. Al
dx
9x2y—>9x23—+18xy or equivalent | B1
X
2 2\ dy
(48y* +9x*)== +18xy ~54 =0 M1
dx
dy 54-18xy ([ 18-6xy
dx  48y®+9x’ (_ 16y’ +3x2] Al ©)
(b) 18-6xy=0 M1
Using x:E or y:E
y X
3Y 3 3 3
16y3+9(—] y—54(—]:0 or 16(—) +9x2(—J—54x=0 M1
y y X X
Leading to
16y* +81-162=0 or 16+x*-2x*=0 M1
y* _8l or x' =16
16
y=§,—§ or X=2,-2 Al Al
2 2
Substituting either of their values into xy =3 to obtain a value of the M1
other variable.
(2 Ej (_2 _Ej both | A1 ©)
2) 072

[12]
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?\ltenfggp Scheme Marks
dx
6. @) EzZ\/écoszt B1
?j—i’=—8costsint M1 Al
dy _ —8costsint M1
dx  2+/3cos2t
_Asin2t
23 cos 2t
dy 2\/— ( 2]
—==-—+/3tan2t k=——
dx 3 3 Al ©)
V4 3 L
(b) When t=§ x=§, y=1 can be implied | B1
m:—gx/gtan(z—ﬂj (=2) M1
3 3 [
3
-1=2| x——= M1
g ( zj
y=2x-2 Al 4)
(c) X =+/3sin 2t =/3x 2sint cost M1
X* =12sin’tcos’t =12(1—cos t)cos’ t
x2=12( —%j% orequivalent .| M1 A1  (3)
[12]
Alternative to (c)
y=2c0s2t+2 M1
sin®2t+cos’ 2t =1
2 92
X (y=2) MLAl  (3)

3 4
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?\ltenfggp Scheme Marks
(a)
. X 1 2 3 4 M1
' y In2 J2In4 | 3In6 2In8
0.6931 1.9605 3.1034 4.1589
1
Area =§Xl( ) B1
~ ... (0.6931+2(1.9605+3.1034) +4.1589) M1
z%14.97989 B 749ca0 | Al )
(b) J'X%|n2XdX=gX§|n2X—JEXgX1dX M1 Al
3 3 X
:EX§|n2X——[EX%dX
3 3
2 s 4 ;
ZEXZ In2x—§x2 (+C) ML1Al (4)
4
(c) Fxg InZX—EXﬂ :(243 In8—£43j—(gln2—ﬂ) M1
3 9" |, \3 9 3 7 9 [
=(16In2— ..)— .. Using or implying In2" =nin2 M1
_46),,_28 Al 3)
3 9

[11]
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?\ltersggp Scheme Marks
U 10 -2
8. @ AB=|3|-| 2 |= M1A1 (2
4 3
10 -2 8 -2
(b) r=| 2 [+t r={3|+t| 1 M1 Alft (2)
3 4 1
ur 10-2t 3 7-2t
(c) CP=| 2+t |-|12|=|t-10 M1 Al
3+t 3 t
7-2t) (-2
t-10 || 1|=-14+4t+t-10+t=0 M1
t
Leading to t=4 Al
10-8 2
Position vector of Pis | 2+4 |=| 6 L | M1A1 (6)
3+4 7
[10]
Alternative working for (c)
ur 8-2t 3 5-2t
CP=| 3+t |-|12 |=| t-9 M1 Al
4+t 3 t+1
5-2t) (-2
t-9 || 1|=-10+4t+t-9+t+1=0 M1
t+1 1
Leading to t=3 Al
8-6 2
Position vector of P is 3+3}: 6 M1Al (6)
4+3 7
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6666 Core Mathematics C4
Mark Scheme

Question Scheme Marks
Number
- - 3x 1 3x 5 1
1. 2+3x)7° =(2)° 1+ 1+ (2 or = |B1
s3] 4% oot la
1 -3)(-4 -3)(-4)(-5
={§} [ 1+(—3)(kx)+L(')(kx)2 + %(kx)3 + ... } see notes | M1 Al
3
{1} Lo 3)( ) (=3)(- 4)[3Xj (—3)(—4)(—5)(%) .
8 2! 2 3! 2
1 9 27 135
=2 1-=x 4+ —xXP -5 !
8[ 5 > } See notes below
1 9,27, 135, Al Al
8 16 16 32
[5]
5
B1: (2)2or % outside brackets or % as constant term in the binomial expansion.

M1: Expands (...+ kx)f3 to give any 2 terms out of 4 terms simplified or un-simplified,

Eg: 1+(-3)(kx) or (~3)(kx)+ (3)( I (yy
r (_3)2('_4) (kX)Z

Al: A correct simplified or un-simplified 1 +(—3)(kx)+

expansion with consistent (kx) wherek =1.

“Incorrect bracketing” {;}{1 (3)( )

unless recovered.

3!

(=3)(=4)
21

S

LG 3)( 4)( kx)’

M(kx) where k # 1are ok for M1.
=34 2
T

I 4

M(ﬁ}... } is M1AO
31 2

Al: For % - %x (simplified fractions) or also allow 0.125 — 0.5625x.

Allow Special Case Al for either SC: %{ 1—%x; } or SC: K[ 1—%x + 27 2—§x3 + .. }
(where K can be 1 or omitted), with each term in the [ ......... ] either a simplified fraction or a decimal.
Al: Acceptonly 200 135 or 13132 4L 4% or 1.6875x2— 4.21875x°
16 32 16 32
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edexcel

1. ctd

Candidates who write :1 { 1 +(—3)(—%j+w(—3—xj2 + M(—B—XT +... } where
8 2 2! 2 3! 2
27 , 135 ,

k = 3 and not 3 and achieve 1 + ix + —X“+—X" +... will get BIM1A1A0AO.
2 2 8 16 16 32

Alternative method: Candidates can apply an alternative form of the binomial expansion.
(2+30° = @+ @0+ 2D @) (a7 + LD oy

1
B1: = or(2)®
3 (2

M1: Any two of four (un-simplified) terms correct.
Al: All four (un-simplified) terms correct.

Al: 1—gx

8 16
Al: + 2x2— §x3
16 32
Note: The terms in C need to be evaluated, so ~°C,(2)*+ C,(2)* (3x)+ °C,(2) °(3x)* + °C,(2) °(3x)*
without further working is BOMOALO.
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Question
Number Scheme
u 1
u=Ihhx = —==
X X
2. (a —Inxdx,
@ J- : dv x? -1
- = V=—=——
dx -2 2x?
+
In the form 4 Inx iJ’,u iz e M1
X X® X
-1 -1 1 -1 - o
=—Inx— | — .= dx —— Inx simplified or un-simplified.
2x° _[ 2x% X 2x° P P Al
-1 1 . . e
— | = .= simplified or un-simplified. | A1
2X° X =
= _—12Inx+l is dx
2% 2) x
11 -
t — = T X
=—izlnx+1 —iz {+c} jﬂxz x d dM1
2X 2\ 2x . .
Correct answer, with/without + ¢ | A1
[5]
, Applies limits of 2 and
(b) —ilnx—i (.1 N2 — 1) (__1 In1— 1 1 to their part (a) M1
2x° 4x% |, 2(2)? 4(2)? 2(1)? 4(1)* answer and subtracts
the correct way round.
3 1 3 2 1 :
=—-=In2 or —-In2® or —(3-2In2), etc, or awrt 0.1 or equivalent. | Al
16 8 16 6
[2]
7
. . L +A 11 .
(a) M1: Integration by parts is applied in the form —-Inx + | z — .= orequivalent.
X X“ X
Al: 2_—12Inx simplified or un-simplified.
X
-1 1 . .
Al: - X or equivalent. You can ignore the dx.
= X® X
. . 11 5
dM1: Depends on the previous M1. + | u— .= — X,
X® X
1 1( 1 1 1 x? X2
Al: —Inx+=|—-—|{+clor =——Inx——{+c} or —Inx— — {+¢C
2x° 2( 2x2j tef 2x° 4x? e} -2 4 tref
-1-2Inx .
or o {+ c} or equivalent.
You can ignore subsequent working after a correct stated answer.
(b) M1: Some evidence of applying limits of 2 and 1 to their part (a) answer and subtracts the correct way round.

1
Al: Two term exact answer of either 3 Ih2 o 3 In2% or i(3— 2In2) or
16 8 16 16

In(%)+3
or 0.1875 - 0.125In2. Also allow awrt 0.1. Also note the fraction terms must be combined.

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

2. (b) ctd

Note: Decimal answer is 0.100856... in part (b).

Alternative Solution

= —=-3x"
dx

o u=xX

—3Inxdx,
X Y
¢ —=Inx = v=xlnx-x
dx

%Inx dx :%(xlnx—x)—j(xlnx—x);—fdx
—ZI%Inxdx =%(xlnx— X) — J.%dx

2

1 1 3
-2 =Inxdx ==(xInx-Xx) + — {+¢c
jx3 x3( ) 2X trel

1 1 3
—Inxdx =——((xInx-x) - — {+¢
J‘x3 2x3( ) 4x* t+el

1 1
Z—ylnx—ﬁ{-i'(:}

kj%lnx dx =%(xlnx—x) + iadx
where k #1

Any one of is(xlnx—x) or — | —dx
X

%(xlnx—x) - J.%dx and k =-2

ij,u% — X7,

1 .
- ﬁ(xln X—X) — 4—?(’2 or equivalent

with/without + c .

M1

Al

Al

dm1

Al
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Question

Scheme Marks
Number
3. Method 1: Using one identity
9x? +20x —10 _ A B . C
(x+2)(3x-1) (x+2) (3x-1)
A=3 their constant term=3 | B1
9x* + 20x —10 = A(x+2)(3x—1) + B(3x—1) + C(x+2) Forming a correct identity. | B1
2. .
Either * - 2=9A, X1 20=5A+3B+C Attempts to find the value of
constant: —-10=-2A-B +2C either one of their B or their C | M1
or from their identity.
X=—-2=36-40-10=-7B=-14=-7B =>B=2
Correct values for
1 20 7 7 7 their B and their C, which are | Al
Xx===1+—-10=—C = -—=-C=C=-1 i identi
3 3 3 3°3 found using a correct identity.
[4]
Method 2: Long Division
2 — —
X7 +20x-10 _ + _ X=4 their constant term=3 | B1
(x+2)(3x-1) (x+2)(3x-1)
5x -4 B C
So, = +
x+2)(3x-1) (x+2) (Bx-1
5x — 4 =B(@3x-1) + C(x+2) Forming a correct identity. | B1
; : : Attempts to find the value of
Eith : 5=3B+C, tant: —4=-B + 2C . . .
orl e x - constan * either one of their B or their C | M1
X=—-2=-10-4=—-7B = —14=—7B =B =2 from their identity.
Correct values for
1 5 7 7 7 their B and their C, which are
X=§:>§—4=§C :>—§:§C:>C=—l foundUSing Al
5x —4=B(@B3x-1) + C(x+2)
Ox* +20x-10 _ , 2 1 [4]

0, ——MMMM= + _
(x+2)(3x-1) (x+2) (Bx-1

1 B1: Their constant term must be equal to 3 for this mark.

2" B1 (M1 on epen): Forming a correct identity. This can be implied by later working.
M1 (Al on epen): Attempts to find the value of either one of their B or their C from their identity. This can
be achieved by either substituting values into their identity or comparing coefficients and solving the

resulting equations simultaneously.

Al: Correct values for their B and their C, which are found using a correct identity.

_ 9x* +20x -10 A
Note : = +
x+2)3x-1) (x+2) (3x-1)
A=2 and B =-1 will gain a maximum of BOBOM1A0

, leading to 9x*+ 20x — 10 = A(3x—1) + B(x+2), leading to
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3. ctd

Note: You can imply the 2" B1 from either

9x*+ 20x —10 _ A(x+2)(3x-1) + B(3x—1) + C(x+2)

or 5x — 4 _ BBx-1)+C(x+2)
(x+2)Bx-1)  (x+2)(3x-1)

Alternative Method 1: Initially dividing by (x + 2)

9x* +20x -10  9x +2 14
"(x+2)"(3x-1) (3x-1) (x+2)Bx-1)
. 5 14

(Bx-1) (x+2)(3x-1)

o -14 _ B . C

x+2)(3x-1) (x+2) (Bx-1

-14=B(3x-1) + C(x+2)

=>B=2,C=-6

9 +20x-10 _, 5 2 6

(x+2)(B3x-1)

(x+2)(3x -1

B1: their constant term=3

B1: Forming a correct identity.

M1: Attempts to find either one of their
B or their C from their identity.

Oy ——————<= +
(x+2)(3Bx-1) (Bx-1)
9XZ+20X_10=3+ 2 1
(x+2)(3x-1) (x+2) (Bx-1)

Alternative Method 2: Initially dividing by (3x - 1)

9x* +20x-10 _ 3x+2% 1
(X+2)"BGx-D" (x+2) (x+2)(3x-1
=3 ) W26 D)

-1 B C

So, = +
x+2)Bx-1) (x+2) (3x-1)

—-2=B@Bx-1) +C(x+2)

:>B=1,C=—1
3

o 9x* +20x -10 _ PR R S
"(x+2)Bx-1)  (x+2) (x+2) (3x-1)
9x* +20x 10 _ 2 1

(x+2)(3x-1) (x+2) (3x-1)

(x+2) (3x-1)

Al: Correct answer in partial fractions.

B1: their constant term= 3

B1: Forming a correct identity.

M1: Attempts to find either one of their B or their C
from their identity.

Al: Correct answer in partial fractions.
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Question

Number Scheme Marks

4. (a) 1.0981 Bl cao

(b) Area z%xl <[ 0.5+2(0.8284 + their 1.0981) +1.3333] B1; M1

= %x 5.6863 = 2.84315 =2.843 (3dp) 2.843 orawrt 2.843 | Al

3]

du 1 -2 dx
C U=1++X; => —==x2 or —=2(u-1 Bl
© | {u=1+Vx| > G = 2u-D)

dx
(u-1)°
“ X\/,dx :} 6 oy a I—z ...... M1
L+x ) I%.Z(u—l) Al

_ 5 (u-1>° du -{2) (u® —3u® +3u-1) du Expands to give- a “foug term’z’ cubic in u.
u u Eg: A"t Bu“£Cu+D

M1

= {2} |[u?-3u+ 3_1 du An attempt to divide at least three terms in M1
u their cubic by u. See notes.

3 2 1\3 3 2
= {2} U3 susing M—) Y3 ssiny Al
3 2 u 3 2

2u® ’

Area(R) = [T —3u® + 6u—2In u}
2
2(3)° 2(2)? Applies limits of 3and 2 in
: [% -3y + 6(3)—2In3J - (% -3+ 6(2)—2|an Lor4and Linxand | M1
subtracts either way round.

11 zj 11 (9) ot Correct exact answer

=—=+2In2-2In3 or E+2In —lor =-1In . Al
3 3 3 3 or equivalent.

(8]
12

@ B1: 1.0981 correct answer only. Look for this on the table or in the candidate’s working.

(b) | BL Outside brackets %xl or%

M1: For structure of trapezium rule[ ............. ]

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

Note: Award B1IM1 Al for %(0.5 +1.3333) + (0.8284 + their 1.0981) = 2.84315
Bracketing mistake: Unless the final answer implies that the calculation has been done correctly

Award B1MOAO for %xl +0.5+2(0.8284 + their 1.0981)+1.3333 (nb: answer of 6.1863).

Award B1MOAO for %xl (0.5+1.3333) + 2(0.8284 + their 1.0981) (nb: answer of 4.76965).
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4. (b) cd

(©

Alternative method for part (b): Adding individual trapezia
0.5+0.8284 N O.8284+1.0981+1.0981+1.3333

2 2 2

B1: 1 and a divisor of 2 on all terms inside brackets.
M1: First and last ordinates once and two of the middle ordinates twice inside brackets ignoring the 2.
Al: anything that rounds to 2.843

Area ~ lx[ } = 2.84315

B1: d—u—lx% or du=—"—dx or 2/xdu= dx or dx= 2(u-1)du or %—Z(U—l) oe
Tdx 2 2% B B du '
2
1 M1: X becoming (u-1) (Ignore integral sign).
1+ X
X _ (u-1)? (u-1>° 2
1°* A1 (B1 on epen): dx becomin .2(u—=1){du} or . du! .
( pen) 1++/x 9 (u=1){du} u (u—l)’l{ }

You can ignore the integral sign and the du.
2" M1: Expands to give a “four term” cubic inu, +Au®+ Bu®? +Cu + D

where A=0,B=#0,C=0and D=0  The cubic does not need to be simplified for this mark.
3""M1: An attempt to divide at least three terms in their cubic by u.
(u® -=3u® +3u-1) 1

—>Uu*-3u+3-=
u u

13 3 2
dar: (=D gy (Y3 o g
u 3 2

le.

4" M1: Some evidence of limits of 3 and 2 in u and subtracting either way round.

3% A1l: Exact answer of E+2In2—2|n3 or E+2In(gj or E—In(gjor 2(E+In2—ln3j
3 3 3 3 4 6

or % + 2In(§j, etc. Note: that fractions must be combined to give either i or 22 or 3E

3

Alternative method for 2™ M1 and 3™ M1 mark

{2}J.(“;—1)2. (u-1) du = {2}‘[@. (u-1) du

An attempt to expand (u—1)*, then
divide the result by u and then go on to | 2™ M1

= {2} '(u -2+ %) (u-1)du= {Z}J.(uz _) du multiply by (u-1).

to give three out of four of
3" M1

o[l _u42_ 1
= {2} [u 2u+1-u+2 ; du iAuz,iBu,iCOriE
. u

= {2} .(u2—3u+3—£j du

u
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4. (c) ctd

Final two marks in part (c): u=1+ \/§

Area(R) = ﬂ ~3(1+Vx) + 6(1+ Vx)-2in(1+ V)
= M - 3(1+ x/Z)z + 6(1+ \/Z)—Zln(l-f- \/Z)
M1: Applies limits of 4 and 1 in x
3 and subtracts either way round.
- @ - 3(1+ xﬁ)z + 6(1+ ﬁ)—ZIn(1+ \ﬁ)

= (18- 27+18-2In3)- (% ~12+12- 2In2)
11 11 11 9 .
=3 +2In2-2In3 or 3 + 2In(3) or 3 In(4j etc Al: Correct exact answer or equivalent.

Alternative method for the final 5 marks in part (b)

"u"=u"! = d'u LICR
(u-13>° dx
—duy d 14
! V—(u IO (et
4
_ oyt 1) J‘(u D' 4,
_ (u 1) N u*—4u’+6u’—4u +1du M1: Applies integration by parts and
4u 4 u? expands to give a five term quartic.
-1 4 -
= (Cat )’ u’ —4u+6——+—du M1: Dividing at least 4 terms.
4u 4 u u?
u-1*  1(ud 1
= % + ( —2u® +6u—4Inu —Ej Al: Correct Integration.
3, 13 2 8
J'(u 1)d (u-1)° ——u—+3—u—lnu—i
, u 4u 2 2 4u |,
27 9 9 1 1 8 4 6 1
—+———+——In3—— - = ——+—-In2-= M1
12 2 2 12 8 12 2 2 8
= (7—In3)—(E - InZJ
3
11 2
==+ In=
6 3

30, 1\3
Area(R) = 2 I W=D, - 2(11 +n 3) Al
2 u 6 3
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Question Scheme Marks
Number
5. Working parametrically:
x=l—%t, y=2"-1ory=e"" -1
(@) {x=0=} 0:1—%t:>t:2 Applies x =0 to obtain a value for t. | M1
Whent=2, y=2*-1=3 Correct value fory. | Al
I b lue f .
Applies y =0 to obtain a value for t.
b =0=}0=2'-1=t=0 : M1
(b) {y } (Must be seen in part (b)).
When t =0, x=1—%(0)=1 x=1|A1
[2]
(c) (;_1(:_% and either Y =212 or Y _ e in2 B1
t
ﬂ:2ln2 dy . dx
dx 1 Attempts their — divided by their —. | M1
- dt dt
2
1 . -1
AtA t="2", 50 m(T)=-8In2 = m(N) =——— Applies t ="2" and m(N)=——— | M1
(M N) =g pp (N) e
y-3= 1 (x-0) or y=3+ L X or equivalent. See notes. M1 AL oe
8In2 8In2 Cso
[5]
[t 1 Complete substitution
@ | Area(R) _J'(z —1).[— E)dt o both v andax | M1
X=-1—->t=4 and x=1—->1t=0 Bl
t
Either 2' — 2
In2
t
1 ot or (2l - 1) - —(2 ) - M1*
:{_ _}(__tj +a(In2)
2)\In2
n or (2 =1) > +a(In2)(2) -t
21
(2 -1)> —=-t|AL
In2
11 2 0 1(( 1 16 Depends on the previous method mark.
-5 [I 5~ t} = — E((ﬁj— (ﬁ - 4)) Substitutes their changed limits in tand | dM1*
n 4 n n subtracts either way round.
_ 15 A5 2 or equivalent. | Al
2In2 2In2
[6]

15
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5. (@)

(b)

(©)

(d)

M1: Applies x =0 and obtains a value of t.
Al: Fory=2°-1=30ory=4-1=3
Alternative Solution 1:

M1: For substituting t = 2 into either x or .

Al: x=1—%(2)=0 and y=2°-1=3

Alternative Solution 2:
M1: Applies y =3 and obtains a value of t.

Al: For x=1- %(2) =0orx=1-1=0.

Alternative Solution 3:

M1: Applies y =3 or x =0 and obtains a value of t.

Al: Showsthat t =2 for both y=3and x=0.

M1: Applies y =0 and obtains a value of t. Working must be seen in part (b).
Al: Forfinding x =1.

Note: Award M1ALl for x =1.

B1: Both (cji_)t( and (;—i/ correct.  This mark can be implied by later working.

M1: Their dy divided by their ax or their d—yx; Note: their ay must be a function of t.
dt dt dt . (dx dt
their| —
dt
M1: Uses their value of t found in part (a) and applies m(N) = _(—'Il')
m

M1: y — 3= (their normal gradient)x or y = (their normal gradient) x + 3 or equivalent.

1 1 1
Al: —-3=——(x-0) or y=3+——x or y—-3=——(x—-0) or (8In2)y —24In2 =x
y 8In2( ) y 8In2 y In256( ) ( )y
y—-3 1 .
or = . You can apply isw here.
(x—0) 8In2 PR

Working in decimals is ok for the three method marks. B1, Al require exact values.

M1: Complete substitution for both y anddx. So candidate should write down I(Z‘ - 1).(their %}

B1: Changes limits from x »>t. x=-1—>t=4 and x=1 —>t=0. Notet=4and t =0 seen is B1.

t
M1*: Integrates 2' correctly to give |2—2
n

(2)

ia(InZ)_t or za(ln2)(2') -t.

. or integrates (2t —1) to give either
t

A1: Correct integration of (2' —1) with respect to t to give |22 —t.
n

dM1*: Depends upon the previous method mark.
Substitutes their limits in t and subtracts either way round.

Al: Exact answer ofi—z or E—2 or 15—4In2 or E—2 or %Iogze—ZOrequivalent.

2In2 In4 2In2 In2
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Questio
n Scheme Marks
Number
5. Alternative: Converting to a Cartesian equation:
t=2-2x => y=2">_-1
Applies x = 0in their Cartesian
(@) | {x=0=}y=2"-1 PRIES X !
equation...
y=3 ... to arrive at a correct answer of 3. | Al
_ _ [2]
Applies y =0 to obtain a value for
(b) |[{y=0=}0=2""-1=0=2-2x=Xx=.. x. | M1
(Must be seen in part (b)).
[2]
2-2x
dy . 1277, A#1 | M1
©) dx 2(2")In2 ~2(2°*")In2 or equivalent | A1
1 . -1
AtA, x=0, 50 m(T)=-8In2 = m(N) =—— Applies x=0 and m(N)=——— | M1
(T = m(N) TE pp (N) e
1
V=32 g (70 or y=3+ g xor As in the original scheme. | M1 Al oe
equivalent.
_ _ _ [5]
(d) Area(R) = J‘(zz_zX —1)dx Form the integral of their C;artesuan M1
equation of C.
. For 2% —1 with limits of x =-1 and
— 2-2x _ 1
J_l(z 1)ox x=1. le. j (227 -1) Bl
-1
2-2x
Either 2 —
-2In2
2-2x Ml*
g2 or (22 -1)> — X
=( _ X] +a(In2)
~2In2 or (227 1) > £a(In2)(2* ) - x
- 2-2x
277 -1 - X
( ) - -2In2 Al
22 1 1 16 Depends on the previous method
{—mnz_x} } ((—ZInZ_lj_(—ZInZJrljj mark. | gmax
-1 Substitutes limits of -1 and their x,
and subtracts either way round.
B 15 2 or equivalent. | Al
2In2 2In2 '
[6]
15

(d)

Alternative method: In Cartesian and applying u = 2 — 2x
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Area(R) = J(Z“ ~1){dx} ,where u=2-2x  MO: Unless a candidate writes I(zz‘“ ~1){dx}
. Then apply the “working parametrically” mark scheme.
- [, -9t o o g
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Questio
n Scheme Marks
Number
5.(d) | Alternative method: For substitution u = 2
(o (1 Complete substitution
Area(R)—I(Z 1)[ Zjdt for both y and dx M1
where u=2" = d—l::z‘InZ = ((jj—l::uan
X=-1->t=4->u=16 and x=1 - t=0 > u=1 Both correct limits in tor | 5,
both correct limits in u.
1 fu-1 If not awarded above, you can
So R)=—=|—= -2
area(R) 2Juln2 “ award M1 for this integral
_ i1y
2)In2 uln2
Either 2' > L
In2
u Inu
or (28 -1)»—— - — *
_{_1}(L_In_uj Z-U> oy e | M
2J\In2"In2 or (2t—1)—>ia(ln2)(u)—|n—u
In2
(2-1)» LU Ay
In2 In2
{ 1{ U Inu}l } 1[( 1 j (16 IanD Depends on t?ﬁ pdreViOllJ(S
Sl o Y e il e e method mark.
2|1In2 In2 2\\In2 In2 In2 . . . *
* Substitutes their changed limits in dM1
u and subtracts either way round.
15 In16 15 15 In16 15
=— -—— — =2 - or -
2In2  2In2 2In2 2In2  2In2 2In2 Al

or equivalent.

[6]
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Questio
n Scheme Marks
Number
6.(@) | {y=0=}1-2cosx=0 1-2cosx =0, seen or implied. | M1
o 51 At least one correct value of x. (See notes). | Al
X 33 Both%and%” Al cs0
[3]
3 2
(b) V = ﬂJ‘: (1 - 2cosx)? dx For 7zJ-(1—2cosx) "1 B1
3 Ignore limits and dx
{J.(l— 2cos x)? dx } = I(l— 4cosx + 4cos® x)dx
— 2y
_ J‘1_4cosx+4(1+c052xj dx COS2X = 2c0s* X — 1 M1
2 See notes.
= I(S — 4cosX + 2€0s2x) dx
Attempts [y’ to give any two of
. +A — + Ax, £Bcosx —» £Bsinx or | M1
. 2sin 2x .
= 3X —4sinx + +4C0S2X — + usin2x.
Correct integration. | Al
e 2sin(1%) e oy 2sin(%) Applying limits
V={z}| | 3(%) - 4sin(%F) + — |- | 3(5) — 4sin(§) + . the correct way
2 2 ddm1
round. Ignore
T.
=7r((57r +23 - %J—(ﬂ— 243 + %B
= 7((18.3060...) - (0.5435...)) =17.76257 = 55.80
= 7z(47r +343) or 47” + 3743 Two term exact answer. | Al

[6]
9
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6. (a)

(b)

M1: 1-2cosx=0.
This can be implied by either cosx =% or any one of the correct values for x in radians or in

degrees.
1°* Al: Any one of either% or 5?” or 60 or 300 or awrt 1.05 or 5.23 or awrt 5.24 .

2" A1: Both Z and 2Z.
3 3

B1: (M1 on epen) For ﬂj(l—ZCOSX)Z. Ignore limits and dx.

1% M1: Any correct form of cos2x = 2cos?x —1 used or written down in the same variable.

This can be implied by cos® x = % or 4cos’x — 2+ 2c0s2x Or cos2A=2cos’ A—1.

2" M1: Attempts [y? to give any two of +A — + Ax, +Bcosx —> £Bsinx Or +4c0os2x — * usin 2x.
Do not worry about the signs when integrating cosx or cos2x for this mark.

Note: J.(l —2c0sX)* = J.l + 4cos® x is ok for an attempt at [y

2sin 2x 2sin 2x

1" Al: Correct integration. Eg. 3x — 4sinx + or x—4sinx + +2x Oe.

3"9ddM1: Depends on both of the two previous method marks. (Ignore 7).
Some evidence of substituting their x = 5?” and their x =% and subtracting the correct

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

Note: For correct integral and limits decimals gives: 7((18.3060...) — (0.5435...)) =17.7625z = 55.80

2" AL: Two term exact answer of either 7 (47 +3+/3) or 4z° +37+/3 or equivalent.

Note: The = in the volume formula is only required for the B1 mark and the final A1 mark.
Note: Decimal answer of 58.802... without correct exact answer is AO.

Note: Applying j(l — 2cosx) dx will usually be given no marks in this part.
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Questio
n Scheme Marks
Number
i: 9+A=2+2u (1) )
7.(@) i 1Bv4l=1eu @) Any. two equations. | vy
k: 3-21=1+u (3) '
Eg: 2)-(3): 16+64=-2 or An attempt to eliminate dM1
(2)-4@Q): =23 =-9-Tu one of the parameters.
Leadingto A =-3 or u=2 Either A=-3 or u=2 | Al
9 1 6 2 2 6
L:r=113|-3 4|=|1| or L:r=|-1|+2/1|=|1 See notes | ddM1 Al
-3 -2 3 1 1 3
o [5]
1 2 1) (2 ReallsatC;ontt_hat the_do;
~ ~ product is require
() |d-= ‘2‘ , 4, = 1 = ‘21 g i between +Ad,and | M1
B B +Bd, .
2+4-2 .
cos g =+ i Correct equation. | Al
J(l) +(@ + (27 @7+ O +
c0s = —— = 60 =69.1238974...=69.1 (Ld
[3]
4 9 1 9+ 1
(c) | OA=|16 ,@:13 + A 4|=|13+44
-3 -2 -3-21
9+ 1 A+5
=|13+42 =423 MI1Al
-3-24 -2
A+5 1
AP o d =0 =|41-3|¢] 4|=21+5+16A-12+41=0 dM1
-2 -2
1 1
leading to {211 -7 =0 = }/‘L:g ﬂzg Al
ol) (28
9 1 3 3
.. — 1 1 43
Position vector OP =| 13 | + 3 4| = 14§ or 3 ddM1 Al
-3 -
32 i
3 3

[6]
14
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7. (a)

()

(©)

M1: Writes down any two equations. Allow one slip.
dM1: Attempts to eliminate either A or x to form an equation in one parameter only.

Al: Foreither 2=-3 or z=2. Note: candidates only need to find one of the parameters.
ddM1: For either substituting their value of Ainto I, or their x into I,.

6
2" Al: Foreither |1| or 6i+j+3k or (6 1 3).

3
Note: Each of the method marks in this part are dependent upon the previous method marks.
M1: Realisation that the dot product is required between +Ad,and +Bd,. Allow one slip in
d, =i + 4j — 2k.
Al: Correct application of the dot product formulad, ed, = +|d,||d,|cosé or cos@ =i[%}

1 2

The dot product must be correctly applied and the square roots although they can be un-simplified must
be correctly applied.
Al: awrt 69.1. This can be also be achieved by 180 —110.876 = awrt 69.1. 6 =1.2064...° is AO0.

-12-24+12 _ -24
JE32 4 (-12)7 4 (6)2 (47 +(22+ (27 ) V18924

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

Common response: cos 8 = is M1AL...

1) (2 i ok M1: Realisation that the vector cross
d,xd,=| 4|x/1| =<]1 4 -2/ =6i-5-7k product is required between +Ad, and
-2) 1 2 1 1 £Bd,. Allowoneslipin d, =i+ 4j — 2k.

J(6)2 +(5)% + (-7)°

sin @ = Al: Correct applied equation.
JO7+ @7+ (27 @+ + Q) PRIEE &
. /110
sinfd = ——— = 0=69.1238974...=69.1 (1d Al: 1 69.1
J21.J6 (tp) anr

M1: Attempts to find AP in terms of the parameter by subtracting the components of OP from |, and

OA. Ignore the direction of subtraction and ignore any confusion between OP and PO or between OA
and AO. The correct subtraction of two components is enough to establish that subtraction is intended.
The coordinates or position vector of P must be given in terms of a parameter. Taking P :(x, Y, z) gains
no marks although this can be recovered later. See Additional Solutions.

Al: (M1 onepen) A correct expression for AP . Again accept the reverse direction.

dM1: Depends on the previous M. Taking the scalar product of their expression for AP with
d, or a multiple of d, and equating to 0 and obtaining an equation for 2. The equation must derive from

an expression of the form x x, +V,y, + 2z, =0. Differentiation can be used. See Additional Solutions.
Al: Solvingto find 2=1%.
ddM1: Depends on both previous Ms. Substitutes their value of the parameter into their expression for

OP . Substituting into AP is a common error which loses the mark.
Note: Needs 2 correct co-ordinates if 2 =% found and then P stated without method to gain ddM1.
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‘ Al: 9%i + 14%j - 3%k. Accept vector notation or coordinates. Must be exact.
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7.(c)

Additional Solution 1:
X

Taking OP =| y |, in itself, can gain no marks but this may be converted to a parameter at a later
z

stage in the solution and, at that stage, any relevant marks can be awarded.
X 4 X—4
For example, AP = y|—|16 |=| y-16

z -3 z+3
X—4 1
leading to: | y—16 41=x—-4+4y—-64-272-6=0 No marks gained at this stage.
z+3 ) (-2
9 1 9+ 1
Using, OP =|13 |+ A| 4|=|13+44 | on Xx+4y—-2z=74
-3 -2 -3-24
R ivec At this stage award M1A1 and dM1
which gives: 9+ A4 +4(13+44) - 2(-3-24)=74 L . .
chgives: 9+ 4 +4(13+42) - 2( ) (which is implied by an equation)
s A+ 6T=T4 = A=t Al: Solving to find 4:%.
Position vector
ol) (28
9 1 3 3
oP = 13|+ a|=|1al|or| B ddM1 Al
3 3 ’ 3 3
B ) 32 _u
3 3
Additional Solution 2: Using Differentiation
9+ 1 4 A+5
AP =|13+44 |-[16 | =|44-3 M1A1: As main scheme
-3-21 -3 -2
AP’ = (1+5)° + (42 -3)" + (-24)° = {212° - 141 + 34}
d
a(AF>2)=421—14:0 M1
leading to 4 =% Al: Solvingto find 2 :%.

... then apply the main scheme.
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Number Scheme varks
do (3-0) 1 1 125
. —=—"t > |—df=|—dt or |—df =
8. {dt 125 } 3-0 125 j I Bl
—In(6 -3) =%t {+¢c} or -In(3-6) =—=t {+c} See notes. | M1 Al
In(6 - 3) S
125
1. 1, Correct completion
0-3= e or e ®eg 10 O = A% 4 3
0 — Ae—0.008t+ 3 * Al
[4]
(b) {t =0,0=16 :>} 16 = Ae—0.008(0) + 3, = A=13 See notes. Ml, Al
Substitutes € =10 into an equation
10 =13e7%% + 3 of the form 4= Ae ™ +3, | M1
or equivalent. See notes.
7 Correct algebra to —0.008t = Ink
e =— = -0.008t= IH[E) where k is a positive value. See | M1
notes.
In(lg)
=m = 77.3799... = 77 (nearest minute) awrt 77 | Al
[5]
9
8. (a)

B1: (M1 on epen) Separates variables as shown. dé&and dt should be in the correct positions,
though this mark can be implied by later working. Ignore the integral signs.
M1: Both +4In(3-6)or +4In(#-3) and + ut where 1 and x are constants.

Al: For -In(6 -3) =%t or —In(3-0) =%t or —-125In(6-3) =t or —125In(3-0) =

Note: +c is not needed for this mark.
Al: Correct completionto 8 = Ae®™" +3. Note: +c is needed for this mark.

1

1 _L
Note: In(6-3) =—%t +c leadingto 0 —3=¢ > 1 or #—3=¢ = + A, would be final
AO0.
Note: From -In(6 -3) -1t ¢, then In(6 - 3) -~ L
125 125

1

BET L _ _
—~9-3=e5 " or §-3=¢ B = 0=Ae"™ 13 isrequired for AL.
1

Note: From -In(3-6) :%t +c, then In(3-0) =- et ¢

1

T Y _ .
—~3-0=e B or 3-0=¢ Be = 0=Ae " ;3 is sufficient for Al.

1
Note: The jump from 3 -6 = Ae 5 10 9 = Ae™ 4 3 s fine.
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Note: In(6-3)=- %t +c = 6-3=Ae  , where candidate writes A=e° is also

acceptable.
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8. (b)

M1: (B1 on epen) Substitutes & =16, t = 0, into either their equation containing an unknown
constant or the printed
equation. Note: You can imply this method mark.
Al: (Mlonepen) A=13. Note: @ =13e""""+ 3 without any working implies the first two marks,
M1A1.
M1: Substitutes # =10 into an equation of the form 4 = Ae**" + 3, or equivalent.
where A is a positive or negative numerical value and A can be equal to 1 or -1.
M1: Uses correct algebra to rearrange their equation into the form —0.008t = Ink ,
where k is a positive numerical value.
Al: awrt 77 or awrt 1 hour 17 minutes.
Alternative Method 1 for part (b)
1

L= ta = —In(9—3)=it +C
3-6 125 125

M21: Substitutes t = 0,6 =16,

1
-In(16 -3) =—(0 c .
{t=0,0=16=} ( ) 125() " into—In(6 - 3) =it +c
_ 125
=c=-In13
Al: ¢c=-In13

~In(6 -3) =%t ~In13 or In(#-3) = —%t +In13

M1: Substitutes & =10 into an equation of the

1 1
-In(10 -3) =—t -1Inl13 form £1In(0-3) =+—t +
(10-3) =15 (0-3) =255t *u
where A, u are numerical values.
1 M1: Uses correct algebra to rearrange their
IN13-In7 =—t equation into the form +0.008t =InC — InD,
125 .. .
where C, D are positive numerical values.
t = 77.3799... = 77 (nearest minute) Al: awrt 77.

Alternative Method 2 for part (b)
IS I U S
3-0 125 125

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

M21: Substitutes t =0,6 =16,

{t=0,6=16 =} 125 into—In(3-0) =%t +c
= c=-In13
Al: ¢c=-1In13
1 1
-In[3-6] =—t -In13 or In3-6 = - —t +In13
125 125
M1: Substitutes # =10 into an equation of the
1 1
-In(3-10) =—t —In13 form +AIn(3-0) =+—t =%
(3-10) =125 (3-0) =gt *u

where A, u are numerical values.

M1: Uses correct algebra to rearrange their

In13-In7 = it
125 equation into the form +0.008t =InC - InD,
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t = 77.3799... = 77 (nearest minute)

edexcel

where C, D are positive numerical values.
Al: awrt 77.

8. (b)

Alternative Method 3 for part (b)

10 t
1 4o - I e
5 3-0 ,125

10 1.7
~[-Inj3-6]]° = [Et}

—In7 —=In13 =it
125

t = 77.3799... = 77 (nearest minute)

Alternative Method 4 for part (b)

[60=16=} 16=Ae""™ 13

[6=10=} 10=Ae"™ 13

—0.008t =In (Ej or —0.008t = In(lj
A A

) 5
In| =— In| —
t, = A and t A

® ~"0.008 @ ~"0.008

o))

® '@~ _0008  —0.008

In(7j
t=—38 1 773700... = 77 (nearest minute)
(~0.008)

M1A1: In13
M1: Substitutes limit of & =10 correctly.

M1: Uses correct algebra to rearrange their
own equation into the form

+0.008t =InC —InD,

where C, D are positive numerical values.

Al: awrt 77.

M1*: Writes down a pair of equations in A and t
, for =16 and 6 =10 with either A unknown or

A being a positive or negative value.
Al: Two equations with an unknown A.
M1: Uses correct algebra to solve both of

their equations leading to answers of the form
—0.008t = Ink , where k is a positive numerical

value.

M1: Finds difference between the two times.
(either way round).

Al: awrt 77. Correct solution only.
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Question
Number

Scheme Marks

1.

At least one of “A”
or “C” are correct.

Breaks up their partial fraction
B _ correctly into three terms and | B1 cso
A=2, C=2 both "A"=2 and "C"=2.

5x +3 A B C Bl

= + +
@x+D(x+1)°> (@2x+1D) (x+1) (x+1)?

5x +3=A(Xx +1)° + B@x +1)(x +1) + C(2x +1) _ o
Writes down a correct identity and

=-1=> -2=-C C=2 | :

X - - attempts to find the value of either | M1

X:_l : _E+3 _ EA : EZEA : A:2 One“A” Or“ B” or“C”.
2 2 4 2 4

Either x°: 0=A+2B, constant: 3=A+B+C
X:5=2A+3B+2C
Correct value for “B” which is found
using a correct identity and follows
. . - Al cso
from their partial fraction
decomposition.

leadingto B=-1

[4]

5x + 3 2 1 2 4
So, > = - + >
2x+D(x+1) 2x+1) ((x+1) (x+1

Notes for Question 1

BE CAREFUL! Candidates will assign their own “A, B and C” for this question.
B1: At least one of “A” or “C” are correct.
B1: Breaks up their partial fraction correctly into three terms and both "A"=2 and "C"=2.
M1: Writes down a correct identity (although this can be implied) and attempts to find the value of either
one of “A” or “B” or “C”.
This can be achieved by either substituting values into their identity or
comparing coefficients and solving the resulting equations simultaneously.
Al: Correct value for “B” which is found using a correct identity and follows from their partial fraction
decomposition.
Note: If a candidate does not give partial fraction decomposition then:
e the 2" B1 mark can follow from a correct identity.
o the final A1 mark can be awarded for a correct “B” if a candidate goes writes out their partial
fractions at the end.
Note: The correct partial fraction from no working scores BIBIM1AL.
Note: A number of candidates will start this problem by writing out the correct identity and then attempt to
find “A” or * B” or “C”. Therefore the B1 marks can be awarded from this method.
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(N;)Srerftblgp Scheme Marks
2. F4xy-y*+5=0

3t > 3'In3 | Bloe
Differentiates implicitly to include either

dy dy | M1*
&x 3*‘1In3+(y+xd—yj 2ydy 0 i/ixdx or+kydx
X dx dx dy
(ignore) Xy > +y+ x& Bl
dy dy Al
et Y+ X—-2y—=0
y dx ydx

{(1, 3) :} 30D |n3 + 3 + (Dﬂ _ 2(3)d_y: 0 _ Subst_ltutes X =_1, y =3 into thelr ML
dx differentiated equation or expression.
n3+3+ % 6 _0 = 3413 5Oly
dx  dx dx
dy _ 3+1In3 -
dx 5
&y l('”ea + |”3) = 1|n(363) Uses 3 = Ine® to achieve dy _ lln(3e3) Al cso
dx 5 dx 5
[7]
7

Notes for Question 2

B1: Correct differentiation of 3" . l.e. 3! = 3*'In3 or 3X1=%(3X)—> %(SX)InS

or

3x—1 _ e(x—l)lna — In3 e(><—l)|n3 or 3x—1 :é(sx) _ %exlm N l(lns)exlm

M1: Differentiates implicitly to include either i/lxj—y or + y . (Ignore (dy j).
X

Bl. «xy

1AL
N

ie: 3 '3+ y+x—=L-2y—=
y dx ydx

2" M1:

39 M1:

2" AL:

dx
- +y+ xﬂ
dx
Y HX jy 2y jy 0 Note: The 1% A0 follows from an award of the 2™ BO.
X X
ote: The "= 0"can be implied by rearrangement of their equation.
dy dy dy  dy

leading to 3*'In3+y = Zyd—— xd— will get Al (implied).
X X

Note: This method mark is dependent upon the 1 M1* mark being awarded.

Substitutes x =1, y = 3 into their differentiated equation or expression. Allow one slip.

Note: This method mark is dependent upon the 1% M1* mark being awarded.

Candidate has two differentiated terms in g—y and rearranges to make g—y the subject.
X X

Note: It is possible to gain the 3" M1 mark before the 2" M1 mark.

x-1
Eg: Candidate may write dy = y+3In3 before substituting in x=1 and y = 3
dx 2y — X
cso. Uses 3=1Ine’ to achieve d _ 1In(3e‘°’) (z 1In(/le?’) A=5and i = 3)
' dx 5 ’ y) ’

Note: 3 =Ine® needs to be seen in their proof.

Notes for Question 2 Continued
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Aliter
Way 2

Alternative Method: Multiplying both sides by 3
Flixy-y*+5=0
3 +3xy —3y* +15=0

3 - 3*In3
Differentiates implicitly to include either
dy dy
&X 3*In3 + (Sy + 3Xd_yj _ 6yd—y =0 i/lX& or iky&
X dx dx
dy
(ignore) 3xy = + 3y + 3x
...+3y+3xd—y—6yd_y: 0
dx

dx
Substitutes x =1, y = 3 into their

dy dy
1,3 3In3+33)+(B)1)—=-6(3)—==0
{( ’ ):} n3+303) + GX )dx ( )dx differentiated equation or expression.

3|n3+9+3d—y—18d—y= 0 = 9+3In3=15d—y

dx dx dx

dy _ 9+3In3 {_ 3+In3}

dx 15 5

gy =1(Ine3+ln3)

dx 5
dy _ l(Ine3 + In3) = 1In(3e3) Uses 3 = Ine® to achieve &Y. = 1In(3e3)
dx 5 5 dx 5

Bl

M1*

Bl

Al

dM1*

dM1*

Al cso

[7]
7

NOTE: Only apply this scheme if the candidate has multiplied both sides of their equation by 3.

NOTE: For reference, ﬂ = 3y+—3lr13
dx 6y — 3x

NOTE: If the candidate applies this method then 3xy — + 3y + ?;x(dj—y must be seen for the 2" B1 mark.
X
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(N;)Srerftblgp Scheme Marks
4
1
3. —  _dx, u=2+.(2x+1
J'O 2+(2x +1) ( )
1
. Eitherd—uzJ_rK(2x+1)E or %:iﬂ,(u—Z) M1
du -5 dx dx du
OI—=(2x+1)2 or d—:u—2 d L d
X ! Either S0 = (2x +1) 2 or X —@u-2) | Al
dx du
1 |1 Correct substitution | A1
{IZ +J2x+ 1) dx} B IU (U-2)du (Ignore integral sign and du).
2
= J‘(l -5 Jdu An attempt to divide each term by u. | dM1
+Au + Blnu ddM1
= u-2lnu
u-2lnu Al Tt
; Applies limitsof 5and 3 inu
{So [u-2Inu], } =(5-2In5)—(3-2In3) or 4 and 0 in x in their integrated function | M1
and subtracts the correct way round.
- 2+2In(§j 2+2In(§j Al
) 5 cao Ccso
[8]
8

Notes for Question 3

1
(u-2)
Note: The expressions must contain du and dx. They can be simplified or un-simplified.

M1: Alsoallow du=+A4

dx or (u—2)du==Adx

Al: Also allow du =

12 dx or (u—2)du =+ Adx

Note: The expressions must contain du and dx. They can be simplified or un-simplified.
Al: Il (u—2) du. (Ignore integral sign and du).
u

dM1: An attempt to divide each term by u.
Note that this mark is dependent on the previous M1 mark being awarded.
Note that this mark can be implied by later working.

+Au = Blnu, A=0,B =0

Note that this mark is dependent on the two previous M1 marks being awarded.
u-—2Inu or £Au + Blnu being correctly followed through, A=0,B =0

ddM1:

Alft:

M1:
way round.

Al: cso and cao. 2+2In(gj or 2+2In(0.6), (: A+2InB, so A=2,B=§j

Note: 2 — 2In(§j is AO.

Applies limits of 5and 3 inu or 4 and 0 in x in their integrated function and subtracts the correct
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Notes for Question 3 Continued

3. ctd

Note: jl (U-2)du= u-2Inu with noworking is 2" M1, 3 M1, 3 A1.
u

but Note: J.l (U-2)du= (u-2)Inu with noworking is 2™ M0, 3 M0, 3 AO.
u
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Rumber Scheme warks
1 1
4. (a) {3 (8 —9x) } = (8- 9x)3 Power of 3 | ML
1
1 2 1
=(83(1—9—Xj3=2(1—9—xj (8)sor2 | Bl
~ 7 8 - 8 A,
1 2 2
={2} { 1+(§)(kx)+( )5 )(kx) M(kx) see notes | M1 Al
1y(_2)( _ 1)(_2)(—5)( —9x \°
2{2} 1+(1j( ng_'_(s)( 3 [ ng + (3)(=3) 3)( 9x) .
3 8 2! 8 3! 8
3 9 45
=2l 1->x;— — X" ——x*+ ... See notes below!
8 64 512
= Z—EX;—EX2—£X3 Al; Al
4 32 256
| [6]
3 PPY—2 - _ Writes down
(b) | {¥7100 = 10971 =103/ - 9%),} so x = 0.1 o uses x = 0.1 | BL
3 9 45
When x=0.1, 3/(8-9x) ~ 2--(0.1) - —(0.1)>~ ——(0.2)° + ... M1
( ) 4( ) 32( ) 256( )
= 2-0.075-0.0028125 — 0.00017578125
= 1.922011719
So, /7100 =19.220117919... = 19.2201 (4 dp) 19.2201 cso | Al cao
[3]
9
Notes for Question 4
(@) M1: Writes or uses % This mark can be implied by a constant term of 82 or 2.

1

1

1: (8)3 or 2 outside brackets or 2 as candidate’s constant term in their binomial expansion.

M1: Expands (+ kX)§ to give any 2 terms out of 4 terms simplified or un-simplified,

Eg: 1+(1J(kx) or (%);:%) (kX)Z + (\’13)(_3%')(_2) (kX)S

QD g, DEDCD

@D

Al: A correct simplified or un-simplified 1+( j(kx)+ (kx)* +

(kx)® where k = 1are fine for M1,

DD o

DD o

expansion with consistent (kx). Note that (kx) must be consistent (on the RHS, not necessarily the LHS)

in a candidate’s expansion. Note that k =1.

8 2!

_ 1y(_2 1
You would award BIM1AO for 2 { 1+ (%j[ﬂ} GC3) (—9X)2 + 3

e

3!

because (kx) is not consistent.

(—gx)l_.l
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Notes for Question 4 Continued

4. (a) ctd

(b)

“Incorrect bracketing” ={2} 1+£1)(_9XJ+(%)(_§) mLS + DEDES ~9x +...
3 8 2! 8 3! 8

is M1AO0 unless recovered.

Al: For 2 - %x (simplified please) or also allow 2 — 0.75x.

Allow Special Case A1AOQ for either SC: = 2 1—§x; ... | or SC: K 1—§x— ixz—ﬁx + .
8 8 64 512
(where K can be 1 or omitted), with each term in the [ ......... ] either a simplified fraction or a decimal.

Al: Acceptonly — 9o s or —0.28125x2— 0.17578125x°
32 256

Candidates who write =2 { 1+ (—j(%}w(%f + w(ﬂf +... } where k = 2
3)L8 2! 8 3! 8 8

and not _9 and achieve 2 + 3x - ix +£x + ... will get BIM1A1A0AO.
8 4 32 256

Note for final two marks:

2 1—§x; - ixz—ﬂx3 T — 2+§x - ix"‘—ﬂx3 +... scores final AOAL.
8 64 512 4 32 256

2 1—§x; - ixz—ﬂf + .| = 2—E - ixz—ﬂx + ... scores final AOAL
8 4 32 256

Alternative method: Candidates can apply an alternative form of the binomial expansion.
! 1 _2 _2
{«3/(8 —9x) }: (8—-9x)s = (8)34{%)(8) 3(—9x)+( )( 32(8) ( 9x)* + &(8) 3(-9x)°

1
B1: (8)3or2
M1: Any two of four (un-simplified or simplified) terms correct.

Al: All four (un-simplified or simplified) terms correct.
3

Al: 2-—X
4
Al: — ixz—ﬂx:"
32 256
Note: The terms in C need to be evaluated,

1 1 1 2 1

1 11 _2 1 _s 1 _8
50 3C,(8)3 +3C,(8) 3(—9x)+3C,(8) 3(-9x)* +3C,(8) 3(—9x)* without further working is BOMOAO.

B1: Writes down or uses x = 0.1
M1: Substitutes their x, where |x| < 5 into at least two terms of their binomial expansion.

Al: 19.2201 cao

Be Careful! The binomial answer is 19.22011719
and the calculated /7100 is 19.21997343... which is 19.2200 to 4 decimal places.

g
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5. (a) 6.248046798... = 6.248 (3dp) 6.248 or awrt 6.248 | B1
[1]
(b) Area z%x 2 ;x[3+ 2(7.107 + 7.218 + their 6.248)+5.223] B1l;, M1
=49.369 =49.37(2 dp) 49.37 or awrt 49.37 | Al
[3]
1, L L + 5 " 5 M1
© “(Me 3 4 3) dt}: _12te 3 —j—lZe * (dt} +Ate® +B|e®{dt}, A=0,B=0
See notes. | Al
+ 3t 33t |B1
L _L _L _L Al
= —12te ® -36e ° {+ 3t} —12te ® —36e ®
1, 1 s
{—12te 3 —36e 3 +3t} =
0
Substitutes limits of 8 and
0 into an integrated
function of the form of
—%(8) —%(8) —%(0) —%(0) _L4 _L
=| -12(8)e — 36e +3(8) | —| —12(0)e — 36e + 3(0) either +4te 3 + e ° or | gMm1
_L 1
+ate ® +ue 3 1 Bt and
subtracts the correct way
round.
8 _8
=(—96e 8 —36e 3 +24j—(0—36+0)
8 _8
= 60 — 132 ° 60 — 132¢ ¢ | Al
[6]
_8
(d) Difference = ‘60 —132e 3 — 49.37‘ =1.458184439... =1.46 (2 dp) 1.46 or awrt 1.46 | B1
[1]
11
Notes for Question 5
@ B1: 6.248 or awrt 6.248. Look for this on the table or in the candidate’s working.
(b) B1: Outside brackets %xZ orl

M1: For structure of trapezium rule[ ............. ] . Allow one miscopy of their values.

Al: 49.37 or anything that rounds to 49.37

Note: It can be possible to award : (a) BO (b) BLM1A1 (awrt 49.37)

Note: Working must be seen to demonstrate the use of the trapezium rule. Note: actual area is 50.828...
Bracketing mistake: Unless the final answer implies that the calculation has been done correctly,

Award BIMOAO forl + 3+ 2(7.107 + 7.218 + their 6.248)+ 5.223 (nb: answer of 50.369).
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Notes for Question 5 Continued

5. (b) ctd

(©

(d)

Alternative method for part (b): Adding individual trapezia
[ 3+7.107 N 7.107+7.218 N 7.218+6.248 N 6.248+5.223
2 2
B1: 2 and adivisor of 2 on all terms inside brackets.

M1: First and last ordinates once and two of the middle ordinates twice inside brackets ignoring the 2.
Al: anything that rounds to 49.37

1 1
M1: For 4te * —> +Ate ® + B |e

Area = 2x }= 49.369

2L
3

{dt}, A%0,B#0

1

_L _L _L
Al: Forte * — (—Ste 3 I—Se 3tj (some candidates lose the 4 and this is fine for the first A1 mark).

1 1 1, L L L L
or 4te —>4(—3te 8 — -3¢ 3} or —-12te ® —|-12e 3 or 12{—te 3 —J.—e 3}

These results can be implied. They can be simplified or un-simplified.
Bl: 3— 3tor3— 3x(bod) .

Note: Award BO for 3 integrating to 12t (implied), which is a common error when taking out a factor of 4.
Be careful some candidates will factorise out 4 and have 4(+gj - 4(....+%t )

which would then be fine for B1.
Note: Allow B1 for j;3dt =24

1 1 1 1 1
Al: For correct integration of 4te 3 to give —12te 3 _36e 3 or 4(—3te 3 _9e 3tJ or equivalent.
This can be simplified or un-simplified.

1 1
dM1: Substitutes limits of 8 and O into an integrated function of the form of either +Ate 3 4 ue 3 or

1 1
+ite ® + ue s 4 Bt and subtracts the correct way round.

Note: Evidence of a proper consideration of the limit of O (as detailed in the scheme) is needed for dM1.
So, just subtracting zero is MO.

8
Al: An exact answer of 60 — 132e 3. A decimal answer of 50.82818444... without a correct answer is AO.

Note: A decimal answer of 50.82818444... without a correct exact answer is AQ.
Note: If a candidate gains M1A1B1A1 and then writes down 50.8 or awrt 50.8 with no method for
substituting limits of 8 and 0, then award the final M1AO.
IMPORTANT: that is fine for candidates to work in terms of x rather than t in part (c).
Note: The "3t" is needed for B1 and the final A1 mark.
B1l: 1.46 or awrt 1.46 or -1.46 or awrt -1.46.
Candidates may give correct decimal answers of 1.458184439... or 1.459184439...

Note: You can award this mark whether or not the candidate has answered part (c) correctly.
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%ﬂ?ﬁgg? Scheme Marks
6 21 25
6. l:r=| b|+4| c|, OA=|-17|, OB=|-14
10 -1 6 18
21 a 6
(a) Aisonl,so | =17 |=| b |+4| ¢
6 10 -1
{k:lO—/1=6:>}i=4 A=4|B1
(it a+62=21=) a+6(4)=21 Substiutes thelr value OF | M1
a=-3 a=-3 | Al cao
[3]
25 21 21 25 Finds the difference
(b) {Kﬁ } =|-14 |- | -17 {453 } =|-17|- | -14 between OA and OB . | M1
18 6 6 18 Ignore labelling.
~4
[AB} =| 3 {BA}=|-3
12 =12
4 6
{KEJ_I = K§0d:0} = | 3le] ¢c|=24+3c-12=0;=>c=-4 See notes. | M1; Al ft
12) (-1
{j: b+cA=-17 =} b+ (-4)(4)=-17;= b=-1 See notes. idl“ﬂié o
[5]
() |AB|= 42 + 3 +12% or |AB|= JE4? + (<3)2 + (-12)° See notes. | M1
So, |AB| =13 Al cao
[2]
o 21 -4 17 See notes for
(d) OB'{= OA+BA} = |-17 |+| -3 |;=|-20 alternative | M1;Al cao
6 12 -6 methods.
[2]
12
Notes for Question 6
(@) B1l: A =4 seen or implied.

M1: Substitutes their value of 1 into a + 64 =21
Al: a=-3.
Note: Award BIM1AL1 if the candidate states a = —3 from no working.

Alternative Method Using Simultaneous equations for part (a).
B1: For 60 — 61 =36

M1: 60 - 64 =36 and a + 64 = 21 solved simultaneously to give a = ...
Al: a=-3, cao.
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Notes for Question 6 Continued

6. (b)
ctd

(©)

(d)

M1: Finds the difference between OA and OB . Ignore labelling.
If no “subtraction” seen, you can award M1 for 2 out of 3 correct components of the difference.

6 6
M1: Applies the formula ABe| c | or BAe| c | correctly to give a linear equation in ¢ which is set equal
-1 -1
6
to zero. Note: The dot product can also be with £k| c |.
-1

Alft: ¢=-4 or for finding a correct follow through c.
ddM1: Substitutes their value of A4 and their value of ¢ into b + ¢4 =-17
Note that this mark is dependent on the two previous method marks being awarded.
Al: b=-1
M1: An attempt to apply a three term Pythagoras in order to find |AB| :

so taking the square root is required here.
Al: 13 cao
Note: Don’t recover work for part (b) in part (c).
M1: For a full applied method of finding the coordinates of B’.
Note: You can give M1 for 2 out of 3 correct components of B'.
17

Al: For either | 20 | or 17i-20j—-6k or (17,-20,-6) cao.
-6
Helpful diagram!
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Notes for Question 6 Continued

Acceptable Methods for the Method mark in part (d)

21 -4
Way 1 6@{:63&483}: -17 |+| -3 (using their BA)
6 =12
21 4
Way 2 O—B'{zﬁ—ﬁ}z -17|-| 3 (using their AB)
6 12
25 -4
Way 3 6@{:6@+2Bﬁ}= -14 |+ 2| =3 | (using their BA)
18 =12
25 4
Way 4 O—B'{z @—2@}: ~14 |- 2| 3| (using their AB)
18 12
25 Minus 4 21 Minus 4 17
Way5 | |-14| —| Minus3 | »|-17 | »| Minus3 | {—|-20|¢ , so OA + their BA
18 Minus 12 6 Minus 12 -6
21 25
Way 6 | OB'{= 20A-0B| =2/ -17 |- -14
6 18
Way 7 | OB = 25i —14j + 18k, OA=21i —17j + 6k and OB’ = pi + gj + rk,

(21,—17,6):(25+ p’—l4+q’18+rj
2 2 2

p=21(2) - 25=17
q=-17(2) +14 = - 20
r=6(2)-18=-6

M1: Writing down any two equations correctly and
an attempt to find at least two of p, q or r.
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%ﬂiﬁggp Scheme Marks
7. x =27sec®t, y=3tant, Ogtg%
dx q At least one of % or% correct. | B1
(a) i 8lsec’tsecttant, Y _ 3sec?t dx q
t Both <X and & are correct. | B1
dt dt
2 2
dy __8sec’t [ 1 cost _ cos’t | apgiies their & divided by their X | Mi:
dx 8lsec’ttant | 27secttant 27tant 27sint dt dt
2(x
Att=2 dy _ 3sec” (§) :i{:i:i} 4 Al cao cso
6 dx B8lsec’(#)tan(z) 72| 54 18 72
[4]
2 2 2
3
(b) {1+tan2t=sec2t}:>1+ Yo X =X M1
3 27 27
2 i 1
:>1+y?:?: 9+y2:x§:>y=(x5—9)2* Al™* cso
a=27andb=216 or 27 <x<?216 a=27 andb =216 | B1
(3]
2 1 2
125 , 1 s 2 o)\2 2
(c) \Y =7rJ. {( X? —9)2] dx or zJ. (x§ —9)dx For ”I(( X 9) J or ”J(X 9) Bl
i i Ignore limits and dx. Can be implied.
5 5
35 125 Either +Ax®+ Bx or §x3 oe | M1
27 §x3 —9x oe | Al
3 5 3 5 Substitutes limits of 125 and 27 into an
={r} §(125)3 -9(125) | - §(27)3 -9(27) integrated function and subtracts the | dM1
correct way round.
= {7}((1875 - 1125) — (145.8 — 243))
_ 42367 847.27 42367 84727 | Al
[5]
12
Notes for Question 7
€)) B1l: At least one of % or(;—i/ correct. Note: that this mark can be implied from their working.

B1l: Both 2—: and 2—3{ are correct. Note: that this mark can be implied from their working.

M1: Applies their j—i’divided by their % , Where both L7 and j—: are trigonometric functions of t.

4 . . . .
Al: = or any equivalent correct rational answer not involving surds.

Allow 0.0é with the recurring symbol.
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Notes for Question 7 Continued

Note: Please check that their % is differentiated correctly.

Eg. Note that x = 27sec’t = 27(cost) * = 3—: = —81(cost) * (~sint) is correct.

(b) M1: Either:
e Applying a correct trigonometric identity (usually 1+ tan®t = sec’t ) to give a Cartesian equation in
x and y only.
e Starting from the RHS and goes on to achieve /9tant by using a correct trigonometric identity.
e Starts from the LHS and goes on to achieve /9sec’t—9 by using a correct trigopnometric identity.
Al*: Foracorrect proof of y = (x% — 9)E :
Note this result is printed on the Question Paper, so no incorrect working is allowed.
B1l: Both a =27 and b =216. Note that 27 < x < 216 is also fine for B1.
(©
1 2
B1: For a correct statement of ﬁj(( X5 — 9)2j or 7zJ‘(xg - 9). Ignore limits and dx. Can be implied.
5 2 3 8
M1: Either integrates to give £ Ax®+ Bx, A=0, B= 0 or integrates x* correctly to give §X3 oe
5 5
> 3
Al: §x3 —9x or. > —9x oe.
© )
3
dM1: Substitutes limits of 125 and 27 into an integrated function and subtracts the correct way round.
Note: that this mark is dependent upon the previous method mark being awarded.
Al: A correct exact answer of 42367 or 847.2r.
Note: The 7z in the volume formula is only required for the B1 mark and the final A1 mark.
Note: A decimal answer of 2661.557... without a correct exact answer is A0.
Note: If a candidate gains the first BLM1AL and then writes down 2661 or awrt 2662 with no method for
substituting limits of 125 and 27, then award the final M1AO0.
(@) Alternative response using the Cartesian eqguation in part (a)
o, .
dy +Kx 3(x3—9) > | M1
Way 2

1 1 =y _
2 2 2 2 1
y=[x3—9J = g_y: 1(#‘—9} [gx 3] o 1 1
X 2 3 ay 1(x% —9)_2[gx3j oe | Al

VA VA
Att==, x=27sec®| = | = 24+/3 ) .
6 ( 6} V3 Uses t = % to find x and substitutes

1 dm1
- d_y= 1 (24\/§)§ _9 ? 3(24\@)‘; their x into an expression for d_y
dx 2 3 dx
dy 1(1 1 1 1
S0, —= | =||—F%=| == — | Al cao cso
dx 2(&)(3@] 18 ‘ 18

Note: Way 2 is marked as M1 A1 dM1 Al
Note: For way 2 the second M1 mark is dependent on the first M1 being gained.
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Notes for Question 7 Continued

7. (b) | Alternative responses for M1A1 in part (b): STARTING FROM THE RHS
Way 2 ) 1 ”y N e For applying 1 + tant = sec®t oe M1
ay RHS =! (x* —9)* =/(27sec’t)’ -9 = /9sec’t-9 =+/9tan’t .
{ | ( ) ( ) to achieve v/9tan’t
1
=3tant =y {= LHS} cso Correct proof from (x% - 9)2 toy. | Al*
M1: Starts from the RHS and goes on to achieve v/9tan®t by using a correct trigonometric identity.
7. (b) | Alternative responses for M1A1 in part (b): STARTING FROM THE LHS
Way 3 For applying 1+ tan®t = sec’t oe
{LHS =} y =3tant = /(9tan’t) = V9sec’t -9 PPYINg M1
to achieve +9sec’t -9
x s X3 3 :
=09l 21 =9 = 9| 2 |-9 =(xf —9)? f_9g). | AL*
9(27j 9 9{ 3 } (x 9) Cso Correct proof fromy to (x 9) .
M1: Starts from the LHS and goes on to achieve +/9sec’t—9 by using a correct trigonometric identity.
7.(c) | Alternative response for part (c) using parametric integration
Way 2

7zj3tant(81sec2 tsect tant) dt 81

V= ﬂj9tan2t(81secztsecttant) dt
Ignore limits and dx. Can be implied.

={x} | 729sec’ ttan’tsect tant dt

= {7} | 729sec’ t(sec’t — 1)secttant dt

={r} 729(sec4t - seczt)secttant dt

= {x} 729(sec4t — sec? t)secttant dt
+Asec’t + Bsec®t | M1

={r} 729(lsec5t - lsecstj
s 3

1 1
729| =sec®t — =sec’t | | Al
[5 3 j

1(5Y 1(5) 1 1 Substitutes sect 2 and sect =1 into an
V= {z}| 729 —(—j ——(—j - 729(515 —513J 3 dM1

5\ 3 313 integrated function and subtracts the correct
way round.
= 720q| [ 22 - [- 2
243 15
_AZ07 o 84704 42307 o 84727 | AL

[5]
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ﬁﬂ?ﬁgg? Scheme Marks
8. % = k(M -x),  where Mis a constant
a . . .
@) g—: is the rate of increase of the mass of waste products. Any one correct explanation. | B1
M is the total mass of unburned fuel and waste fuel Both explanations are correct. | B1
(or the initial mass of unburned fuel)
[2]
b ! dx = | kdt or ;dx = | dt B1
(b) M-x k(M —x)
—In(M —x) =kt {+c} or —%In(M -Xx) =t {+c} See notes | M1 Al
{t=0,x=0=} -In(M -0) =k(0) + ¢ See notes | M1
c=-INnM = —-In(M —x) =kt —InM
then either... or...
—kt =In(M = x)—InM kt =InM —In(M —x)
—kt:ln(M_Xj kt:ln[ M j
M M —x
ekt _ M —x et — M ddM1
M M —x
" (M -x)e =M
Me™ =M —x "
M —x =Me Al * cso
leadingto x=M —Me™ or x=M(@1-e™) oe
[6]
(©) x=%M ,t=|n4:>} %M =M@L-e*") M1
T N [ P
2 2
So k = 1 Al
2
—Elng
X=M|l-e? dM1
2
X:EM X=—M | Al cso
[4]

12
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Notes for Question 8 Continued

8. (a)

(b)

(©)

B1: At least one explanation correct.
B1: Both explanations are correct.

dx . .
pre is the rate of increase of the mass of waste products.

or the rate of change of the mass of waste products.

M is the total mass of unburned fuel and waste fuel
or the initial mass of unburned fuel
or the total mass of rocket fuel and waste fuel
or the initial mass of rocket fuel
or the initial mass of fuel
or the total mass of waste and unburned products.

B1l: Separates variables as shown. dxand dt should be in the correct positions, though this mark can be
implied by later working. Ignore the integral signs.
M1: Both £4In(M —x)or £4In(x—M) and + ut where A and x are any constants.

Al: For —-In(M —x) =kt or —In(x—M) =kt or —%In(M -Xx) =t or —%In(x—M) =t

or —%In(kM -kx) =t or —%In(kx—kM) =t

Note: +c is not needed for this mark.
IMPORTANT: +c can be on either side of their equation for the 1 A1 mark.
M1: Substitutes t =0 AND x =0 in an integrated or changed equation containing ¢ (or Aor In A, etc.)

Note that this mark can be implied by the correct value of c.
ddM1: Uses their value of ¢ which must be a In term, and uses fully correct method to eliminate their
logarithms. Note: This mark is dependent on both previous method marks being awarded.

) i i M (" —1) ) . .
Al: x=M -Me "™ or x=M(@1-e") or x=————= orequivalent where x is the subject.
e
Note: Please check their working as incorrect working can lead to a correct answer.
Note: o _ k(M - x)= o__ 1 = X= —lln(kM —kx) {+ ¢} is B1(Implied) M1AL1.
dt dt kM —kx k

. 1 . . . . .
M1: Substitutes x = EM and t = In4 into one of their earlier equations connecting x and t.

Al: k= % which can be an un-simplified equivalent numerical value. i.e. k = :n_j is fine for Al.
n

dM1: Substitutes t = In4and their evaluated k (which must be a numerical value) into one of their earlier
equations connecting x and t.
Note: that the 2" Method mark is dependent on the 1 Method mark being awarded in part (c).

Al: x= % M cso.

Note: Please check their working as incorrect working can lead to a correct answer.
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Notes for Question 8 Continued

Aliter 1

8. (b) J.M dx = jkdt B1

Way 2 —X
—-In(M —x) =kt {+c} See notes | M1 Al
In(M —x) =—kt +c
M —x=Ae™"
{t=0,x=0=} M -0 =Ae*® M1
=>M=A
M —x =Me™ ddm1
So, Xx=M —Me™ Al

[6]
(b) B1M1A1: Mark as in the original scheme.
M1: Substitutes t =0 AND x =0 in an integrated equation containing their constant of integration which
could be c or A. Note that this mark can be implied by the correct value of ¢ or A.
ddM1: Uses a fully correct method to eliminate their logarithms and writes down an equation containing
their evaluated constant of integration.

Note: This mark is dependent on both previous method marks being awarded.
Note: In(M —x) =—kt+c leadingto In(M —x) =e™ +¢€° or In(M - x) =e™ + A would be dddMO.
Al: Same as the original scheme.

Aliter 1 t

8. (b) J dx =J k dt B1

Way 3 o M—x 0

X t
[-In(M = x)], =[kt], M1 Al
—In(M = x)—(=InM) =kt Applies limits of | M1
—In(M = x)+InM =kt
and then follows the original scheme.
(@) B1M1A1l: Mark as in the original scheme (ignoring the limits).

ddM1: Applies limits 0 and x on their integrated LHS and limits of O and t .
M1ALl: Same as the original scheme.
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Notes for Question 8 Continued

Aliter 1 -1
8. (b) J' dx = '[kdt {:J. dx = jkdt} Bl
Way 4 M —x x—M
byl Modulus not required
In|x = M| =kt +¢c for 19 A1 | MLAL
{t=0,x=0 =} -Injo- M| =k(0) + ¢ Modulus |},
’ not required here!
= c=-InM = -In|x- M| =kt - InM
then either... or...
—kt =In|x = M|-InM kt =InM —In|x — M|
—kt:lnX_M‘ kt = In|—M"
M Xx-M
As x <M
M —x M
—kt =In| —> j kt = In| o x) Understanding of
modulus is required | ddM1
gl oM =X et =M here!
M M —x
M —x)e =M
Me™ =M —x ( ) w
M —x =Me Al * cso
leadingto x=M —Me™ or x=M(@L-e™) oe
[6]
B1: Mark as in the original scheme.
M1A1M1: Mark as in the original scheme ignoring the modulus.
ddM1: Mark as in the original scheme AND the candidate must demonstrate that they have converted
In|x = M| to In(M — x) in their working.
Note: This mark is dependent on both the previous method marks being awarded.
Al: Mark as in the original scheme.
Aliter . .
8. (b) Use of an integrating factor (I.F.)
Way 5
YO XM —x) = k= ku
dt dt
ILF.=¢e" B1
i(ek‘x) = kMe",
dt
e“x = Me" +¢ M1A1
X=M +ce™
{t=0,x=0=}0=M +ce™® M1

=c=-M
X=M-Me™"

ddM1Al
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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+¢) = (x+ p)(x+0q), 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 correct formula (with values for a, b and ¢).

3. Completing the square

2
Solving x* +bx+¢=0: (xigj tg+c, q=0, leadingtox=...

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 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.
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%Iti:lggp Scheme Marks
u=x’ :g—u:ZX u=x = j—uzl
1. (a) J‘xzeX dx, 1% Application: X , 2" Application: y X
Ve o v=¢ L _ e v=e
dx dx
x’e* — Iﬂ.xe*{dx}, A>0 | M1
= x’e* — Ierxdx
x’e* — J.erx{dx} Al oe
Either +Ax’e* +Bxe* + CjeX {dx}
= x%e* - 2(xeX —Iexdx) M1
or for iKJxex{dx} - J_rK(xeX —Jex{dx})
4 2,X + X X Ml
= x’e* — 2(xe* —€*) {+c} £AXe tBxe L Ce
Correct answer, with/without + ¢ | A1
[5]
{[Xzex — 2(xe" _eX)]l } Applies limits of 1 and 0 to an expression of the
(b) 0 form +Ax%e* +Bxe*+ Ce*, A=0,B =0 and | M1
= (1¢" - 2(1" —¢")) - (0%e® - 2(0e° —¢°)) C # 0 and subtracts the correct way round.
—e—2 e—2 cso| Al oe
[2]
7
Notes for Question 1
(a)
M1: Integration by parts is applied in the form x*¢* — J./?Lxex {dx} , Where 2 >0. (must be in this form).
Al:  x%* —JerX{dx} or equivalent.
M1: Either achieving a result in the form +Ax’e* + Bxe* + CJ.ex {dx} (can be implied)
(where A=0,B =0 and C =0)or for inxeX {dx} — J_rK(xeX —jex {dx})
M1: +Ax’e* +Bxe*+ Ce* (where A=0,B =0 and C #0)
Al: x%e* —2(xe* —e*) or x%e* —2xe* +2e* or (x* — 2x + 2)e* or equivalent with/without + c.
(b) M1: Complete method of applying limits of 1 and O to their part (a) answer in the form + Ax°e* + Bxe* + Ce*,
(where A=0,B =0 and C =0) and subtracting the correct way round.
Evidence of a proper consideration of the limit of O (as detailed above) is needed for M1.
So, just subtracting zero is MO.
Al: e-2ore —2or —2+e. Donotallow e — 2e° unless simplified to give e — 2.

Note: that 0.718... without seeing e — 2 or equivalent is AQ.
WARNING: Please note that this A1 mark is for correct solution only.

So incorrect |....... ]: leading to e — 2 is AO.

Note: If their part (a) is correct candidates can get M1Al in part (b) for e — 2 from no working.
Note: 0.718... from no working is MOAO
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Question Scheme Marks
Number
1 1
2. (a) { } @+ x) @a- x) 2 L+ x)2(1-x) 2 Bl
1 1 1 3
:( +(2jx+( )él )x +. j [1{ 2)(—x)+( )2 )( X)* + J See notes | M1 Al Al
=(1 +£x—1x2 + ...)x(l+£x+ Ex2 + J
2 8 2 8
=1+1x+§x2+£x+£x2—1x2+... See notes | M1
2 8 2 4 8
Claxa lxz Answer is given in AL *
the question.
(6]
1+(4 2
(b) (@ :L%£J+lﬂ£j M1
1—(%) 26) 2\ 26
o 343 _ 1405 B1
5 1352
S0, V3= @ @ Al cao
4056 4056
[3]
9
Notes for Question 2
1 _1 _1 1
(@ Bl: (1+x)2(L—x) 2 or +J(L+x)@—x) 2 seen or implied. (Also allow ((1+ x)1 - x)‘l)2 ).

1
M1: Expands (1+ x)? to give any 2 out of 3 terms simplified or un-simplified,

1)(—1 1)(—1
Eg: 1+ 1y or +[ljx+M x> or 1+ .. +M X2
2 2 2! 2!

_t
or expands (L— x) 2 to give any 2 out of 3 terms simplified or un-simplified,

: 1 1 DD e NG 2)( 3)
Eg: 1+(—EJ(—X) or +(_Ej(_x)+T( X)? or 1+ ... +—220(-x)?

_1y(_3
Also allow: 1 + ... +(2)2¥(x)2 for M1.

Al: At least one binomial expansion correct (either un-simplified or simplified). (ignore x*and x* terms)

Al: Two binomial expansions are correct (either un-simplified or simplified). (ignore x*and x* terms)
Note: Candidates can give decimal equivalents when expanding out their binomial expansions.

M1: Multiplies out to give 1, exactly two terms in x and exactly three terms in x°.
Al: Candidate achieves the result on the exam paper. Make sure that their working is sound.

Special Case: Award SC FINAL M1AL1 for a correct (1 + %x —%xz + ...jx(l+ %x+ gxz + J

multiplied out with no errors to give either 1+ x + gxz + %xz - %xz or 1+ %x + gxz + %x + %xz or

1+ 1x 41y +1x+%x2 or 1+%x+gx2 +%x—%x2 leading to the correct answer of 1+x+%x2.
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Notes for Question 2 Continued

2. (a) ctd

1 _1
Note: If a candidate writes down either (1+ x)? = 1 +%x —%xz +..0r 1-x) 2 =1+%x+ gxz + ..

with no working then you can award 1% M1, 1% A1,
Note: If a candidate writes down both correct binomial expansions with no working, then you can award
1M1, 1" AL, 2" AL

(b) M1: Substitutes x = L into both sides of 1rx and 1+ X+ lx2
26 1-x 2
B1: For sight of /2 (or better) and 1405 or equivalent fraction
25 1352
Eg: ﬂ and 1405 or 0.6+/3 and 1405 or 343 and 1 53 or /3 and E(@]
5 1352 1352 5 1352 311352
are fine for B1.
7025 . . 14050 182650
——— or any equivalent fraction, eg: or
4056 8112 105456
Special Case: Award SC: M1B1AO for V3 ~ 1.732001972.. or truncated 1.732001 or awrt 1.732002.
Note that % =1.732001972... and /3 =1.732050808...
Aliter 2 1
1+x 1+x)1-x 1-x = _ 1
2.(a) /( ]: f( X ) = /( 2) = = (1-x)20-x)" (1-x)2(L—x)* B1
Way 2 1-x @+x)1-x) @-x)
1 -1(-2
= [1 +(E)(—x2) +...jx(1 +(—1)(—x)+()2#(— x)* + ) See notes | M1A1A1
1 2 2
= [1——x +...j><(1+ X+ X+ ..
2
2 1 2
=1+X+X —Ex See notes | M1
1wl Answer is given in the |,
question.
[6]
Aliter 1 o
2.(a) |Bl (1-x*)2(L—x)"" seenorimplied.
Way 2

1
M1: Expands (1 - x*)? to give both terms simplified or un-simplified, 1 +(%)(—x2)
or expands (1 - x)"" to give any 2 out of 3 terms simplified or un-simplified,
: (D=2 (D=2
Eg:  1+(-1)(-x) or ...+(—1)(—X)+T(—X)2 or 1+ .. +T(_ X)?

Al: At least one binomial expansion correct (either un-simplified or simplified). (ignore x*and x* terms)
Al: Two binomial expansions are correct (either un-simplified or simplified). (ignore x*and x* terms)

M1: Multiplies out to give 1, exactly one term in x and exactly two terms in x?.
Al: Candidate achieves the result on the exam paper. Make sure that their working is sound.
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Notes for Question 2 Continued

Aliter
1+x L+ x)1+x) 1
2.(a) =(1+x)2-x ) 2 2y 2 | Bl
Way 3 {\/ 1-x) N@-0+x (1+x)1-x7) 2
_ 1 Must follow
=1+ x)(1+ > X2+ J on from above. M1A1A1
= 1+x+%x2 dM1A1
Note: The final M1 mark is dependent on the previous method mark for Way 3.
';‘“Eg)r Assuming the result on the Question Paper. (You need to be convinced that a candidate is
Way 4 applying this method before you apply the Mark Scheme for Way 4).

1-x J(@-X)

(1+x)2:1+[ J (%)( %)x +.. {:1+1x—lx2+...},
2 2! 2 8

{ (1+XJ \/m_1+x+zx }:> (1+x);=(1+x+%x2j(1—x); B1

1 ()() . M1A1A1
1-x)2 =1+ X)+~22 27 (_x 1-=x—=x2+..
a-x (Zj( ) (x)? + { Ll }
RHS = [1+4 x+ Lx2 (1—x)5: 1ex+ix|[1-Ex-Le s
2 2 2 8
=1—£x—lx2+x—lx2+lx2 See notes | M1
2 8 2 2
IR
2 8
101,
So, LHS:1+EX—§X =RHS Al*
[6]

1 1
Bl (1+x)%= (1+ X + %XZJ(].— X)? seen or implied.
M1: For Way 4, this M1 mark is dependent on the first B1 mark.
1

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

1) (_1 1) (_1
Eg: 1+ 35 or 42 X+MX2 or 1+ .. +Mx2
2 2 2! 2!
1
or expands (1 - x)? to give any 2 out of 3 terms simplified or un-simplified,

Eg: 1+[%j(—x) or +( j( X) + ()( 1)( x)> or 1+ .. ()( 2)( X)*

Al: At least one binomial expansion correct (either un-simplified or S|mpI|f|ed). (ignore x*and x* terms)

Al: Two binomial expansions are correct (either un-simplified or simplified). (ignore x*and x* terms)
M1: For Way 4, this M1 mark is dependent on the first B1 mark.

Multiplies out RHS to give 1, exactly two terms in x and exactly three terms in x?.
Al: Candidate achieves the result on the exam paper. Candidate needs to have correctly processed both

1 1
the LHS and RHS of (1 + x)2 = (1+ X +%x2)(1— X)2.
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(l;\)lltjﬁrslggrr] Scheme Marks
3.(a) 1.154701 Bl cao
[1]
(b) Area z%x% ;x[1+ 2(1.035276 + their 1.154701) +1.414214] B1;, M1
= %x 6.794168 = 1.778709023... =1.7787 (4 dp) 1.7787 or awrt 1.7787 | Al
[3]
X 2
2 )2 For ﬁj(sec(EJJ | g1
(©) V= ﬁj [sec(—D dx '\
0 2 Ignore limits and dx .
Can be implied.
x +Atan (ﬁj M1
x\12 2
={r} {Ztan (Eﬂ y
0 2tan (Ej or equivalent Al
=2z 27 | Alcao cso
[4]
8
Notes for Question 3
@ B1: 1.154701 correct answer only. Look for this on the table or in the candidate’s working.
(b) B1: Outside brackets %x% or % or awrt 0.262

M1: For structure of trapezium rule[

Al: anything that rounds to 1.7787
Note: It can be possible to award : (a) BO (b) BLM1A1 (awrt 1.7787)
Note: Working must be seen to demonstrate the use of the trapezium rule. Note: actual area is 1.762747174...

Note: Award B1M1Al for %(1 +1.414214) + %(1.035276 + their 1.154701) = 1.778709023...
Bracketing mistake: Unless the final answer implies that the calculation has been done correctly,

Award B1IMOAO for %x% +1+2(1.035276 + their 1.154701)+1.414214 (nb: answer of 7.05596...).

Award B1MOAO for %x% (1+1.414214) + 2(1.035276 + their 1.154701) (nb: answer of 5.01199...).

Alternative method for part (b): Adding individual trapezia
T [1+1.035276 . 1.035276+1.154701 N 1.154701+1.414214

Area ~ —x = 1.778709023...
6 2 2 2

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

M1: First and last ordinates once and two of the middle ordinates twice inside brackets ignoring the 2.
Al: anything that rounds to 1.7787
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Notes for Question 3 Continued

3. (c)

2
B1: For a correct statement of ﬁJ‘[SEC(EJJ or HISECZ (5) or « ;Z{dx}.
: : (cos(2))

Ignore limits and dx. Can be implied.
2
Note: Unless a correct expression stated 7 I sec(%} would be BO.

M1: i/ltan[gj from any working.
Al: 2tan(§} or itan(gj from any working.

1
Al: 2z froma cor(rze)ct solution only.
Note: The x in the volume formula is only required for the B1 mark and the final A1 mark.
Note: Decimal answer of 6.283... without correct exact answer is AQ.
Note: The B1 mark can be implied by later working — as long as it is clear that the candidate has applied 7zJ. y?
in their working.
Note: Writing the correct formula of V = ﬂj y? {dx} , but incorrectly applying it is BO.
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Question Scheme Marks
Number
4. X =2sint, y=1-cos2t {:25in2t}, PSP
2 2
dx dy B1
dx q q At least one of pm ora correct.
(@) T 2cost, d_y =2sin2t or d_y = 4sintcost dx q B1
t t t Both <X and & are correct.
dt dt
dy_2sint {: acostsint _ 2sint} Applies their 2. divided by their &
dx 2cost 2cost dt dt | w1
2sin 2z and substitutes t =~ into theird—y.
7 dy 6 ). 6 dx
Att==—, —=————2: =1 q
6 dx Zcos{gj Correct value for d—yof 1| Alcao cso
X
[4]
(b) y=1-cos2t =1— (1-2sin’t) M1
= 2sin’t
X\’ x? x\’ x* :
So,y=2|=| or y="— ory=2-2/1-|= y =—- orequivalent. | A1 ¢so isw
2 2 2 2
Either k =2 or —2<x<2 Bl
[3]
(c) Range: 0<f(x)<2 or O0<y<<2o0r 0<fg2 See notes | B1 B1
[2]
9
Notes for Question 4
(@)
B1l: Atleast one of % or(;—i/ correct. Note: that this mark can be implied from their working.
Bl: Both 2—1( and % are correct. Note: that this mark can be implied from their working.
M1: Applies their %divided by their % and attempts to substitute t = %into their expression for g—y
X
This mark may be implied by their final answer.
dy sin2t 1 N
le. —= followed by an answer of — would be M1 (implied).
dx 2cost 2
Al: Foran answer of 1 by correct solution only.
Note: Don’t just look at the answer! A number of candidates are finding j—y =1 from incorrect methods.
X
Loodx . dy . . dy dy dx
Note: Applying — divided by their — is MO, even if they state — =—+ —.
PPYINg dt y dt y dx dt dt
Special Case: Award SC: BOBOM1Al for ax = —2cost, ay =—2sin2t leading to d_y= —2sin2t
dt dt dx —2cost
which after substitution of t = % yields g—y =1
X

Note: Itis possible for you to mark part(a), part (b) and part (c) together. Ignore labelling!
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Notes for Question 4 Continued

4.(b) | M1: Uses the correct double angle formula cos2t =1 — 2sin®t or cos2t = 2cos’t -1 or
cos2t = cos’t —sin®t in an attempt to get y in terms of sin®t or get y in terms of cos®t
or gety in terms of sin®t and cos*t. Writing down y = 2sin’t is fine for M1.
2
Al: Achieves y = X? or un-simplified equivalents in the form y = f(x). For example:
2x? x\’ X\’ 4-x* X
y_T or y_ZEEJ or y_2—2(1—[E]J or y=1- 2 +T
and you can ignore subsequent working if a candidate states a correct version of the Cartesian equation.
IMPORTANT: Please check working as this result can be fluked from an incorrect method.
Award A0 if thereisa +c added to their answer.
B1: Either k = 2 or a candidate writes down —2 < x < 2. Note: —2 <k < 2 unless k stated as 2 is BO.
(©) Note: The values of 0 and/or 2 need to be evaluated in this part
B1: Achieves an inclusive upper or lower limit, using acceptable notation. Eg: f(x) >0 or f(x) <2
Bl: 0<f(X)<2 or O0<y<2 or 0<fg2
Special Case: SC: B1BO foreither 0<f(x)<2or 0<f<2 or O0<y<2 or (0,2
Special Case: SC: B1BOfor 0 < x < 2.
IMPORTANT: Note that: Therefore candidates can use either y or f in place of f(x)
Examples: 0<x<2 isSC: B1B0 0< x<2 isB0OBO
x>0 isBOBO x< 2 is BOBO
f(x) >0 is BOBO f(x) <2 is BOBO
x>0 is BOBO X <2 is BOBO
0>1f(x)>2 is BOBO 0<f(x)<2isB1B0
0<f(x)<2 isB1BO. f(x) >0 is B1BO
f(x) <2 isB1B0O f(x) >0 and f(x) <2 isB1B1. Must state AND {or} m
2 <f(x) <2 isB0OBO f(x) >0 or f(x)<2 isB1BO0.
|f(x)| <2 is B1BO |f(x)| > 2 is BOBO
1 <f(x)<2isB1B0 1<f(x)<2 isBOBO
0<f(x)<4isB1B0 0<f(x) <4 isBOBO
0 < Range <2 isB1BO Range is in between 0 and 2 is B1BO
0 < Range < 2 is BOBO. Range >0 is B1BO
Range < 2 is B1B0 Range >0 and Range < 2 is B1BO.
[0, 2] is B1B1 (0, 2) is SC B1BO
Aliter % = 2cost, ﬂ =2sin2t, So B1, B1.
4. (@) | dt dt
Way 2 T dx Vs dy . (2%
Att=o, = ZCOS(EJ—\@, o 25m(?j =3
dy .
Hence — =1 So implied M1, Al.

dx
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Notes for Question 4 Continued

Aliter dy Correct differentiation of their Cartesian equation. | B1ft
4. (@) | y==x"=-"2=x dy
Way 3 2 dx Finds ™ = X, using the correct Cartesian equation only. | B1
- d - Finds the value of “x” when t =~
A=, d—y=23in[—) d6 M1
X and substitutes this into their d—y
X
=1 Correct value for 3—yof 1AL
X
Z‘"Egg y=1-c0s2t =1 (2cos’t —1) M1
Way 2 - . —
y y=2—20052t:>cos.2t:u = 1—s.|n2t=2—2y
2
1_(§j :2;23’ (Must be in the form y = f(x)).
X 2
y=2—2[1—(5jj Al
Aliter P _ain-t[ X
4. (b) X =2sint = t=sin (Zj
Way 3 Rearranges to make t the subject M1
S . psin i X and substitutes the result into y.
0, y=1-cos|2sin™|—
i @ _ int[ X
y =1-cos| 2sin 2 Al oe
Aliter | 1 _Lliosta-
4. (b) y=1-cos2t = cos2t=1-y = t-zcos @a-vy
Way 4 O Rearranges to make t the subject
=+ =cos (1 -
S0, x=+ Zsm( 2 cos (1 y)] and substitutes the result into y. M1
So, y=1- cos(Zsin‘1 (ED y=1- cos(Zsin‘1 (ED Al oe
Aliter d—y=25int=x:>y=£x2+c ﬂ:xjy:1x2+c M1
4. (b) | dx 2 dx 2
Way5 | Eg: wheneg: t=0 (nb: —Z <t< ),

Full method of finding y = %xz

1,
x=0,y=1-1=0= ¢=0 =y=-x using a value of t — = < t < %

Note: %: 2sint=x = y= %xz , with no attempt to find c is M1AO.

X

Al
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Question
Number

Scheme Marks

5. (a)

(b)

Bl
M1

Al * cso

[3]
2 _A, B

u(u-1) u (2u-1
u=0 = 2=-A = A=-2
= 2=1B = B=4

= 2=A(2u-1) + Bu

See notes | M1 Al

1
u=s

2 -2 4 Integrates M +

0 j—du:J‘—Jr du u (u-1
u(2u-1) u (-] obtain any one of £ AInu or £ xIn(2u - 1)

At least one term correctly followed through
=2Inu + 2In(2u -1).

, M0, N=#0to
M1

Al ft

= —2Inu + 2In(2u - 1) Al
cao

So, [~2Inu + 2In(2u ~1)];

Applies limitsof 3and L inu or 9
and 1 in x in their integrated function
and subtracts the correct way round.

)

= (=2In3+ 2In(2(3) - 1)) — (~2In1+ 2In(2(1) - 1)) M1

= —-2In3+ 2In5-(0)

Al cso cao

[7]
10

= 2In(§j
3
Notes for Question 5

(@)

(b)

%=2u or dx=2udu or d_u:_X20 du_i =—

du dx 24/ 2/x

M1: A full substitution producing an integral in u only (including the du) (Integral sign not necessary).
The candidate needs to deal with the “x”, the “ (Zf —1) ” and the “dx” and converts from an

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

B1:

Al*:

2 _A, B P Q
uu-1) u (2u-13 uu-1) u (2u-1

finding the value of at least one of their A or their B (or their P or their Q).
Al: Boththeir A=-2 and their B =4. (Ortheir P = -1 and their Q = 2 with the multiplying factor of

2 in front of the integral sign).

M N . . . .
M1: Integrates — + Y M =0, N =0 (i.e. atwo term partial fraction) to obtain any one of
u u-—

+Alnu or £uIn2u —or +uln(u - 1)
Alft: At least one term correctly followed through from their A or from their B (or their P and their Q).

and a complete method for

or writing

M1: Writing

Al: -2Inu + 2In(2u - 1)

Notes for Question 5 Continued

5. (b) ctd | M1: Applies limits of 3and 1inu or 9 and 1 in x in their (i.e. any) changed function and subtracts the
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correct way round.
Note: If a candidate just writes (—2In3+ 2In(2(3) —1)) oe, this is ok for M1.

Al: 2In[§j correct answer only. (Note: a=5,b=3).
Important note: Award MOAOM1A1AO for a candidate who writes

#du= E+ 2 du = 2Inu + In(2u - 1)
u(2u -1 u (2Qu-12

AS EVIDENCE OF WRITING ﬁ AS PARTIAL FRACTIONS IS GIVEN.
u(su —

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

#du =2Inu + 2In(2u -1) or ;du =2Inu + In(2u -1)
u(2u -1) u(2u -1)

WITHOUT ANY EVIDENCE OF WRITING ﬁ as partial fractions.
u(2u -

Important note: Award M1A1M1A1A1 for a candidate who writes down

#du =-2Inu +2In(2u - 1)
u(2u -1)

WITHOUT ANY EVIDENCE OF WRITING ﬁ as partial fractions.
u(2u -

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

M1AO0 M1A1ftA0O M1AO.
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%ﬂ?ﬁtblgr Scheme Marks
do
6. —=/1(120—0), 0 <100
;dﬁ— Adt or ;de— dt B1
@ 120- 0 2(120-6)
. 1 o M1 Al;
-In(120-6); =t +c or —zln(lzo—e),_t+c See notes ML AL
{t=0,60=20 =} -In(120 - 20) = A(0) + c See notes | M1
—In100 = —In(120 - 0) = At — In100
then either... or...
—At =In(120 - #) - In100 At =In100-In(120 - 6)
At =1In 120-0 At =1In 100
100 120-6
—At _120_9 e)v[ — 100
e = 100 120 — 9 dddM1
120— 6 )e™ =100
100e™™ =120-0 ( ) i
= 120- 6 =100e AL *
leadingto & =120 —100e "
(8]
(b) {/1 =0.01, 8 =100 :>} 100 =120 —100e %% M1
1006 120 —100 = —0.01t = In 120 - 100 Usgs correct order of operatloniso(k))l}/
100 moving from 100 =120 —100e™
. 1 In 120—100 togivet=... and t = AInB, dM1
-0.01 where B >0
( J 100In5
—0 01
t =160.94379... = 161 (s) (nearest second) awrt 161 | Al
[3]

11
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Notes for Question 6

(@)

B1l: Separates variables as shown. d@and dt should be in the correct positions, though this mark can be
implied by later working. Ignore the integral signs.
Either or

M1: 1 dé — +AIn(120 - 6) ;de — £ AIn(120 - 9), Alisa constant.
1200 A(120-6)

Al J L 46 > —In(120- o) J';de - —%In(lZO—H) or —%In(lZO/i—/w),

120-6 2(120-09)
M1: Iﬂdt — j1dt St

Al: j'/i d —»> At+c ‘ or jl dt — t+c The + c can appear on either side of the equation.

IMPORTANT: +c can be on either side of their equation for the 2" A1 mark.
M1: Substitutes t =0 AND & = 20 in an integrated or changed equation containing ¢ (or Aor InA).
Note that this mark can be implied by the correct value of c. { Note that —In100 = —4.60517... }.

dddM1: Uses their value of ¢ which must be a In term, and uses fully correct method to eliminate their
logarithms. Note: This mark is dependent on all three previous method marks being awarded.

Al*: Thisisa given answer. All previous marks must have been scored and there must not be any errors in
the candidate’s working. Do not accept huge leaps in working at the end. So a minimum of either:

o 120-0
~ 100
_ 100
1206
is required for Al.

= 100e™™ =120-6 = 6 =120-100e "

2): e

or (2): e* = (120- 0 )e™ =100 = 120- @ =100e* = @ =120 —100e

Note: 1 dé —» - lIn(120/1—/w) is ok for the first M1AL in part (a).
(1201 -140) A

(b)

M1: Substitutes A =0.01and & =100 into the printed equation or one of their earlier equations connecting
¢ and t.  This mark can be implied by subsequent working.

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

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

Aliter
6. (a)
Way 2

1
do = | Adt
J120—9 j Bl

M1 Al;
M1 Al

-In(120-6) = At +c See notes
-In(120-6) = At +c¢

In(120-0) =— At +c

120 -6 = Ae™"

0 =120 - Ae™™

{t=0,0=20 =} 20 =120 — Ae’ M1
A =120 -20=100

So, 6 =120 —-100e™* dddM1 A1 *

[8]
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Notes for Question 6 Continued

@ B1M1A1M1A1l: Mark as in the original scheme.

M1: Substitutes t =0 AND @ = 20 in an integrated equation containing their constant of integration which
could be c or A. Note that this mark can be implied by the correct value of c or A.
dddM1: Uses a fully correct method to eliminate their logarithms and writes down an equation containing
their evaluated constant of integration.
Note: This mark is dependent on all three previous method marks being awarded.
Note: In(120-6) =-At+c leadingto 120 - 9=e " +e° or 120 -0 =e " + A, would be dddMO.
Al*:  Same as the original scheme.
Note: The jump from In(120 - §) =-At+c to 120 -6 = Ae™™ with no incorrect working is condoned
in part (a).

Aliter 1 -1

6. (a) JlZO—Hde = J‘}tdt {:J‘H—lZO do = J‘/ldt} B1

Way 3

Modulus required | M1 Al
for 1" Al. | M1 Al

Modulus

-In|6 —120| = At + ¢

{t=0,0=20 =} —In|20 - 120| =A0)+c not required here! M1
= ¢=-1In100 = -In|¢ —120| = At —In100
then either... or...
—At = In|¢9—120|— In100 At = In100—ln|0—120|
_t = In[¢=120 at = In|—%
100 6 —120
As 6 <100
120 -6 100
—At = I”( 100 j At =In 120_‘9j Understanding of
modulus is required | dddM1
oAt 120-6 ot _ 100 here!
100 120-46
120- 6 )e™ =100
100e™™ =120-6 ( ) »
= 120- 6 =100e AL *
leadingto & =120 —100e ™

[8]

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

120-6
M1AL: Mark as in the original scheme.
M1: Substitutes t =0 AND @& = 20 in an integrated equation containing their constant of integration which

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

In|9 - 120| to In(120 - 0) in their working. Note: This mark is dependent on all three previous method

marks being awarded.
Al: Mark as in the original scheme.

Al: J.; d¢ — —In|@ —120|. (The modulus is required here).
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Notes for Question 6 Continued

Aliter . .

6. (a) Use of an integrating factor

Way 4

VA9 120-6) = 924 20 =1202

dt dt
IF =e* Bl
i(e%w) = 120", M1A1
dt
e = 12041e™ + k M1Al
6 =120 + Ke™ M1

{t=0,0=20 =} -100 = K
0 = 120 - 100e™*

M1A1
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(Ngﬂrerftblgrn Scheme Marks
7. X2 +4xy +y* +27=0
(@) &x 2X + 4y+4xd—y +2yd—y=0 M1Al Bl
Hx dx dx — =
dy
2x+4y+(4x+2y)d—:0 dm1
X
dy —-2x-4y | -x-2y
dx 4x+ 2y {_ 2x+y} AL cso oe
[5]
(b) 4x +2y =0 M1
y =—2X X = _1 y Al
2
1Y 1
X? + 4x(=2X) + (=2x)* + 27 =0 (—Eyj + 4(—5 y)y +y +27=0 M1*
-3x* +27=0 —%y2+27=0
x*=9 y> =36 dmM1*
Xx=-3 y=6 Al
When x=-3, y=-2(-3) When y =6, x=—%(6) ddM1*
y==6 X=-3 Al cso
[7]
12
Notes for Question 7
o . T . . dy dy dy
(@) M1: Differentiates implicitly to include either 4xd— or irkyd—. (Ignore i =|).
X X X

Al: (x*)—(2x) and (+ y?+27=0—> +2yg—y=0 j
—oX

Note: If an extra term appears then award AO.
Note: The "= 0"can be implied by rearrangement of their equation.

e 2x+ 4y + 4xd—y + 2yd—y leading to 4xd—y + 2yd—y
dx dx dx dx

Bl: 4y+ 4xd—y or 4(y + xd—y] or equivalent
dx dx

. d . d
dM1: An attempt to factorise out d—y as long as there are at least two terms in d_y .
X X

ie. ..+ (4x+ 2y)d—y =.. Of ..+2(2x+ y)d—y =...
dx dx

Note: This mark is dependent on the previous method mark being awarded.
Al For -2x — 4y +2X + 4y or —2(x + 2y) or —-X=2y
4x + 2y —4x -2y 4x + 2y 2X+y

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

or equivalent. Eg:

= —2x — 4y will get Al (implied).
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Notes for Question 7 Continued

(b)

M1: Sets the denominator of their % equal to zero (or the numerator of their % equal to zero) oe.
X y

Al: Rearranges to give either y =—2x or x= —%y . (correct solution only).

The first two marks can be implied from later working, i.e. for a correct substitution of either y = —2x
into y* or for x =—%y into 4xy .

M1*: Substitutes y=+AXx or or Xx=2uy or y=+Axtaor x=xuy+b (10, z=0) into
x* + 4xy + y* + 27 = 0 to form an equation in one variable.

dM1*: leading to at least either X’ = A, A>0 or y*=B, B>0

Note: This mark is dependent on the previous method mark (M1*) being awarded.
Al: For x= -3 (ignore x =3) orifywas found first, y =6 (ignore y =—6) (correct solution only).

ddM1* Substitutes their value of x into y = + Ax to give y = value
or substitutes their value of x into x* + 4xy + y* + 27 =0 to give y = value.
Alternatively, substitutes their value of y into x = + uy to give x = value
or substitutes their value of y into x* + 4xy + y? + 27 =0 to give x = value
Note: This mark is dependent on the two previous method marks (M1* and dM1*) being awarded.
Al: (-3, 6) cso.
Note: If a candidate offers two sets of coordinates without either rejecting the incorrect set or accepting the

correct set then award A0. DO NOT APPLY ISW ON THIS OCCASION.
Note: x =-3 followed later in working by y = 6 is fine for Al.

Note: y =6 followed later in working by x = —3 is fine for Al.
Note: x=-3, 3 followed later in working by y = 6 is A0, unless candidate indicates that they
are rejecting x =3

Note: Candidates who set the numerator of %

X
only achieve a maximum of 3 marks in this part. They can only achieve the 2", 3 and 4™ Method marks to
give a maximum marking profile of MOAOM1M1AOM1AQ. They will usually find (-6, 3) { or even

(6,-3)}.

equal to O (or the denominator of their % equal to zero) can
y

Note: Candidates who set the numerator or the denominator of g—y

X
achieve a maximum of 3 marks in this part. They can only achieve the 2", 3" and 4™ Method marks to give a
marking profile of MOAOM1M1AOM1AQ.

equal to £k (usually k =1) can only

Special Case: It is possible for a candidate who does not achieve full marks in part (a), (but has a correct

denominator for g_y ) to gain all 7 marks in part (b).
X

dy _ 2x-4y

Eg: Anincorrect part (a) answer of can lead to a correct (— 3, 6) in part (b) and 7 marks.
dx  4x+ 2y
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(Ngﬁfrftt:::p Scheme Marks
13 2 -p
8. l:r=|8|+4] 2|, A(3,-2,6), OP=| 0
1 -1 2p
3 -p -p 3 Finds the difference
(@) {ﬁ} =|-2|-| 0 {ﬁ} =| 0|-]-2 between OA and OP . | M1
6 2p 2p 6 Ignore labelling.
3+p -3-p
= -2 = 2 Correct difference. | Al
6-2p 2p-6
3+p 2
-2 |o| 2|=6+2p—-4-6+2p=0 See notes. | M1
6-2p) \-1
p=1 Al cso
[4]
(b) |AP|= |42 + (-2)? + 4% or |AP| = \J(-4)? + 2% + (—4)’ See notes. | M1
So, PAor AP =+/36 or 6 cao Al cao
It follows that, AB ="6" {=PA} or PB="62" {=+2PA| See notes. | B1 ft
{Note that AB ="6" = 2(the modulus of the direction vector of I) }
3 2
OB =|-2|+2 2| or
6 -1 Uses a correct method in order
(s o et |
OB=|8|-3 2| and OB = -7
1 -1 1 -1
7 -1
=2 |and | -6 Both coordinates are correct. | Al cao
4 8
[5]
9
Notes for Question 8
8. (a) M1: Finds the difference between OA and OP. Ignore labelling.

If no “subtraction” seen, you can award M1 for 2 out of 3 correct components of the difference.

3+p -3-p
Al: Acceptany of -2 |jor B+p)i—-2j+(6-2p)k or 2
6-2p 2p-6

or(-3- p)i+2j+(2p - 6)k
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Notes for Question 8 Continued

8.(a)

(b)

2 2
M1: Applies the formula PAe| 2| or APe| 2| correctly to give a linear equation in p which is set equal to
-1 -1
2
zero. Note: The dot product can also be with k| 2
-1

Eg: Some candidates may find

13 3 10
8 | - | —2 | = 10 |, for instance, and use this in their dot product which is fine for M1.
1 6 -5

Al: Finds p =1 from a correct solution only.

Note: The direction of subtraction is not important in part (a).
M1: Uses their value of p and Pythagoras to obtain a numerical expression for either AP or PA or AP’ or

PA2.  Eg: PAOr AP = 42 +(<2)2 + 42 or \(=4)? + 22 + (—4)? or 4 + 22 + 42
or PA? or AP? = 4% + (=2)* + 4% or (=4)* +2° + (—=4)* or 4> +2° + 4

Al: APorPA =+/36 or 6 cao or AP? =36 cao

B1ft: States or it is clear from their working that AB ="6" {= their evaluated PA} or

PB="6"+2 {: V2 (their evaluated PA) } .

Note: So a correct follow length is required here for either AB or PB using their evaluated PA.
Note: This mark may be found on a diagram.

Note: If a candidate states that ‘ﬁ‘ = ‘E‘ and then goes on to find ‘ﬁ‘ =6 then the B1 mark can be implied.
IMPORTANT: This mark may be implied as part of expressions such as:

{AB =} /(10 + 24)% + (10 + 24)? + (-5- 2)* =6 or { AB* =} (10 +22)* + (10 + 24) + (-5 2)* = 36

or {PB =} \J(14 + 22)? + (8 + 24)% + (-1- 4)* = 62 or { PB? = (14 + 22)" + (8+ 22)" + (-1- 1)’ =72

M1: Uses a full method in order to find both possible sets of coordinates of B:

3 2 13 2 13 2
Egl: OB = | -2|+2| 2 Eg2: OB=|8|-3 2| and OB=|8|-7 2

6 -1 1 -1 1 -1
Note: If a candidate achieves at least one of the correct (7, 2, 4) or (-1, — 6, 8) then award SC M1 here.

3 2 3 2
Note: OB = | —2|-3| 2| and OB =|-2|-7 2| isMo.

6 -1 6 -1

Al: Forboth (7,2, 4) and (-1, —6,8). Accept vector notation or i, j, k notation.
Note: All the marks are accessible in part (b) if p =1 is found from incorrect working in part (a).

3 2
Note: Imply M1A1B1 and award M1 for candidates who write: OB = | =2 | 2| 2|, with little or no
6 -1

earlier working.
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Notes for Question 8 Continued

8. Helpful Diagram!
[AB| = 947 + 904 + 225
13+ 24 |
10 + 24 Bl 8+24
AB = | 10+ 22
AS//1
'6\ﬁ &\
14+ 24 Pl 0= 0
PB=| 8+24 2 2p
-1-1
[PB] = 947 + 902 + 261
8. (b) | Way 2: Setting AB ="6" or AB*="36" Note: Itis possible for you to apply the main scheme for Way 2.
{AB="6"= AB® ="36"=} (10+21)" + (10 + 22)* + (-5- 1)’ ="36"  BLft could be implied here.
947 + 904 + 225=36 = 94° + 904 +189=0
A2 +101+21=0= (A +3)(4+7)=0
A=-3,-7
Then apply final M1 Al as in the original scheme. | .. M1Al
8. (b) | Way 3: Setting PB = "6+/2" or PB?="72" Note: Itis possible for you to apply the main scheme for Way 3.

{PB ="6"\2 = PB? ="72" :»} (14 +22)* + (8 + 22)* + (-1- A)* ="72"  B1ft could be implied here.

94% + 904 + 261=72 = 94> +904 +189=0

A2 +101+21=0= (A +3)(A1+7)=0
A=-3,-7

Then apply final M1 Al as in the original scheme. | ... M1 Al
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Notes for Question 8 Continued

(You need to be convinced that a candidate is applying this method before you apply the Mark Scheme for

8. () Way 4).
. — — . . PAePB
Way 4: Using the dot product formula between PA and PB, ie: cos45 = ———.
|PA[PB|
4 14 + 22
PAePB = | —2|e| 8+21 | =56+81—-16-41-4-41=36
4 -1-2
For finding ‘ﬁ‘ as before. | M1
. 1 36
Cos 45 = — = 36 or 6 | Al cao
{ / V2 6 \Jo4? + 904 + 261 o V3
[PB|= /92? + 904 + 261 | B1 0e
1 36
2 947 + 904 + 261
94% + 904 +261=72 = 94> + 904 +189=0
A2 +101+21=0= (A +3)(1+7)=0
A=-3,-7
Then apply final M1 A1 as in the original scheme. | ... M1 Al
8. (b) (You need to be convinced that a candidate is applying this method before you apply the Mark Scheme for
' Way 5).
AB e PB

Way 5: Using the dot product formula between AB and PB, ie: cos 45 = W
AB|.|PB

Attempts the dot product formula M1
between AB and PB.

10+24) (14 + 24 . -

10+ 24 le| 8424 Correct statement with ‘AB‘ and ‘PB‘ Al

5_72 1-2 simplified as shown.
Either [AB|= /94” + 904 + 225 or

Bl

cos 45 =—— =
V2 J02% + 904 + 225 ([947 + 90 + 261

[PB|= /92? + 902 + 261

140 + 204 + 281 + 442+ 80 + 204 + 164 +44* + 5+ 51 + 4 + A2

45" = -
feos 45" J9A% + 904 + 225 (/947 + 904 + 261
fcos 45 =} L 947 + 904 + 225
J9AZ + 904 + 225 947 + 904 + 261

(942 + 904 + 225)?
(947 + 904 + 225)(947 + 90 + 261)
(947 + 904 + 225)
2~ (947 + 907 + 261)
927 + 904 + 261 = 2(94% + 904 + 225) = 94% + 901 + 189 = 0
A2 +101+21=0= (A +3)(1+7)=0
A=-3,-7

H
| N §‘||—\ §‘|r—\

Then apply final M1 A1 as in the original scheme. | ... M1 Al
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Notes for Question 8 Continued

8. (b) | Way 6:
4 2
PA=|-2|=2|-1| and direction vectorof lis d=| 2
4 2 -1
So, ‘ﬁ‘ _5 |d| or PA=2 |d| A correct statement relating these M1 Al B1

distances (and not vectors)
Apply final M1 A1 as in the original scheme. | ... M1 Al

Note: PA = 2d with no other creditable working is MOAOBO...

3 2
Note: PA=2d,followedby OB = | -2 [+2| 2| is M1A1B1M1 and the final A1 mark is for both sets of
6 -1

correct coordinates.
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