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Question Scheme Marks
Number
1 _1__1 1__1
QL @ | trv2) " 2r 2012 or  2r+2) |Blaef
(1)
4 ~(2 2
© Yin 2l
2 2 2 2
= I — § + E — Z ......
= List the first two terms M1
2 2 2 2 and the last two terms
.............. | — |+ | ==
n-1 n+1 n n+2
Includes the first two underlined
terms and includes the final two | M1
= 2 + 2 - 2 2 underlined terms.
1 2 n+l1 n+2 2 2 2 2
— + .
1 2 n+1 n+?2 Al
_q_ 2 2
n+l n+2
_ Sn+Dn+2)-2n+2)-2(+1) Attempt to combine to an at
(n+)(n+2) least 3 term fraction to a single
fraction and an attempt to take | M1
N2 +9N+6-2n—-4—-2n-2 out the brackets from their
= (n+1n+2) numerator.
~ 3n*+5n
(n+D(n+2)
_ _n@n+5) Correct Result | A1 cso AG
n+D(n+2) orrect Resu
(5)
[6]
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Number
Q2 (@) | 22 =4v2-42i, -z<0, %
YA
432 -
0 arg zl—! X
§4ﬁ
(442, -4+2)
2 2 H H
r=(4v2) +(-4v2) = J32+32 = /64 =8 A valid attempt to find the
\/( ) ( ) modulus and argument of | M1
(a2 z _ i
6= —tan (m):—j 442 - 442i.
2° = 8(cos(—%) + isin(-%))
1 _z\  (_=z Taking the cube root of the
So, z = (8)3 [cos[?‘j + |sm(?“D modulus and dividing the | M1
argument by 3.
= 7= 2(cos(—%) + isin(-%)) 2(cos(—%) +isin(-%)) | Al
Also, 7° = 8(005(77”) " isin(%ﬁ)) Adding or subtracting 27 to the
, o\ i [ o argument for z* in order to find | M1
or  z°=8(cos(~) +isin(~%)) other roots.
= z = 2(cosz +isiniz) Any one of the final two roots | Al
and z = 2(COS(¥) + isin(%”)) Both of the final two roots. | Al
[6]
Special Case 1: Award SC: MIM1A1M1AOAO for ALL three of 2(cos% + isin %),
2(cos% +isin) and 2(005(%) + isin(%)) :
Special Case 2: If ris incorrect (and not equal to 8) and candidate states the brackets
() correctly then give the first accuracy mark ONLY where this is applicable.

6668/01 GCE Mathematics June 2009 3
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Q3 . dy . .
SinX — — yCcos X = sin2xsin x
dx
An attempt to divide every term
dy ycosx _ sin2xsin X in the differential equation by M1
dx  sinx sin x sIinx.
Can be implied.
ﬂ__y?osx = sin2x
dx  sinx
[ eji%(dx) or ejﬂheir PO (d) | dM1
Integrating factor =g’ sinx = g SN .
g g e—lnsmxor eIncosecx Al aef
1 1 .
= — —— or (sinx)™ or cosecx | Al aef
sin x sin x
[ 1 ]d_y_ ycosx _ sin2x
sinxJdx sin®x  sinx
daf vy |_ sin2x x di(yx their L.F.) = sin2x x their |.H M1
dx { sinx sin x X
i A 2cosx or
d y dx { sinx
— | —— | = 2c0osX Al
dx \ sinx y
——— j2cosx(dx)
sin x
_L = J.Zcosx dx
sin x
Y o o A credible attempt to integrate
sinx _ 2Sinx+K the RHS with/without + K | 99dM1
y = 2sin®x + Ksinx y = 2sin’x + Ksinx | A1 cao
(8l

6668/01 GCE Mathematics June 2009
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Q4 1 27
1% Applies —Irz(de) with
A=—I(a+3cos€)2d9 20 B1
2 0 correct limits.
Ignore dé&.
(a+3cosh)® = a® + 6acosd + 9cos’ @
+1+
5 1+ cos20 coszezw M1
=a +6acos€+9T 2
Correct underlined expression. | Al
1 9 9
A== I a’ + 6acosé + —+ —cos26 |dé
2 2 2
0
Integrated expression with at
least 3 out of 4 terms of the form .
i +AQ £ Bsind +Co + Dsin2g. | M1
= (1) [329 +6asind + gg + gsin 29} Ignore the 4. Ignore limits.
2 24 0 a’0 + 6asiné + correct ft
integration. | Al ft
Ignore the 1. Ignore limits.
_1 272> +0+97+0 0
_E[( 7a? +0+97 + )—()]
=7ra2+9—” 7ra2+9—” Al
2 2
Hence, ra’+ 9772 = %ﬂ' Integrated expression equal to %ﬁ dm1*
) 107
a‘+— = —
2
a? =49
Asa>0, a=7 a=7 | Al cso
[8]

Some candidates may achieve a = 7 from incorrect
working. Such candidates will not get full marks

6668/01 GCE Mathematics June 2009 5
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Q5 y =sec’ X = (secx)’
(a) Either 2 : t
Y _ 2(sec x)'(sec xtan x) = 2sec’ xtan x ither 2(secx)”(sec xtan x) Bl aef
dx or 2sec’ xtanx
Apply product rule:
u = 2sec’x v =tanx
d—u:4sec2xtanx — =sec’x
dx dx
Two terms added with one of
d’y 2 tan? x 4 2sect either A sec’ xtan® x or Bsec* x | M1
ax Asect xtan® x + 2sec’ x in the correct form.
Correct differentiation | Al
= 4sec® x(sec’ x — 1) + 2sec’ x
d’y . ) Applies tan®x =sec’x —1
Hence, — = 6sec” x — 4sec” x .
dx? leading to the correct result. | A1 AG
] 4)
2 2
Oy _(2) -2 (d—yj ~2(v2) @ -4 Both y, = 2 and (ﬂj ~4 |B1
4 dx p 4 dx :
Attempts to substitute x = £ into
ig _ 6(\/5)4 _ 4(ﬁ)2 —24_8-16 both terms in the expression for M1
dx . dzy
dx?’
d’y . Two terms differentiated with
o = 24sec” x(sec x tan x) — 8sec x(sec xtan x) either 24sec’ xtanx or | M1
— 8sec? xtan x being correct
= 24sec” xtan x — 8sec” xtan x
dzy 4 2 d3y B
[WJ = 24(\5) ) —8(\/5) (1) = 96 —16 = 80 (W = 80 | B1
Applies a Taylor expansion with
. 2 3 at least 3 out of 4 terms ft | M1
secX~2+4(x— %)+ L (x-%) +8(x-%) + correctly.
Correct Taylor series expansion. | Al
(6)
{seCXz 2+ 4(x-%)+8(x— %) +9(x-%) + }
[10]

6668/01 GCE Mathematics June 2009 6
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Q6 z
W=——, z=—1i
Z+i
(@ WZ+i)=7 = WZ+iw=27 = iW=7—wz Complete method of rearranging | .,
. to make z the subject.
. iw .
=iw=z(1-w) = z= w
(1-w) a—w Z:(l—w) Al aef
iw . . .
|z| =3 = ‘1_ =3 Putting |z in terms of their W| =3 | dM1
-w
iw=31-w = |w=3w-1 = |w|2 =9|W—1|2
= |u+ iv|2 =9u+ iv—1|2
Applies w=u +iv, and uses
Pythagoras correctly to get an
= u+v? =9 [(u —1)% + vz] equation in terms of u and v ddm1
without any i's.
Correct equation. | Al
= u®+Vv’ =9u® —18u + 9 + 9v*
= 0=8u”-18u +8v* +9
Simplifies down to
—ut-9 249
=>0=u"-JUu+Vv° +3 W+ kol BV E S =0, dddM1
S U-2) -84V +8=0
=S U-8) +v¥=g
: . One of centre or radius correct. | Al
9 3
{Circle} centre (£, 0), radius 3 Both centre and radius correct. | Al
(8)
(b) v Circle indicated on the Argand
diagram in the correct position | g1ft
// in follow through quadrants.
m / Ignore plotted coordinates.
%\/ u Region outside a circle indicated | B1
only.
- // y
(2)
[10]

6668/01 GCE Mathematics June 2009 7
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Q7 yz‘xz—az‘,a>1
(@ /4
aZ
Correct Shape. Ignore cusps. | B1
Correct coordinates. | B1
-a O a §
(2)
(b) ‘xz—az‘zaz—x,a>1
{X>a}, x-a’=a’-x x*—a’=a’-x | M1 aef
= x*+x-2a’=0
S re—r Applies the quadratic formula or
2
= X= “14y1-40)(2a) completes the square in order to | M1
2 find the roots.
oy —1+./1+8a? _ E:’oth correct Al
2 simplified down” solutions.

2 2_ a2
{|x|<a}, —x*+a?=a%-x X ;a_azazxi;r M1 aef

(= ¥ -x=0=x(x-1)=0}

= x=0,1 =0 | Bl
x=1|Al
(6)
(c) ‘xz —a2‘>a2—x ,a>1
1-J1+8a2 14 2 x is less than their least value | B1 ft
X < —+a {Or} X > 1+—1+8a . . .
2 2 X is greater than their maximum
B1 ft
value
(o 0<x<1 For{|x|<a}, Lowest<x < Highest | M1
0<x<1 | A1
4
[12]

6668/01 GCE Mathematics June 2009 8



PhysicsAndMathsTutor.com

edexcel

PMT

Question

Number Scheme Marks
8 2
0 X 5% ey =26, x=0,%-2att-o0.
dt dt dt
(@ | AE,m?>+5m+6=0= (M+3)(m+2)=0
> m=-3,-2.
S A 4 Be? Ae™' + Be™', where m = m,. | M1
0, X, = Ae™ + Be
CF Ae® + Be® | Al
dx d’x
x=ke' => —=-ke' = —=ke"
dt
Substitutes ke into the
= ke +5(-ke") +6ke" =2¢" = 2ke" =2e" differential equation given in the | M1
= k=1 question.
Finds k =1. | Al
{S0, X, =e"}
So, x=Ae™ +Be* +¢e their x.. + their x,, | M1*
d Finds ax by differentiatin
K 3Ae® _2Be™ ¢ a Y 9| amax
at their x.. and their x;,
t=0, x=0= O0=A+B+1 Appliest=0, x=0 tox
dx dx
-0 —4 = - ddMm1*
tzo,z—’t(zzz 2--3A-2B-1 and t =0, r=21t0 gt
form simultaneous equations.
2A+2B=-2
-3A-2B =3
= A=-1,B=0
So, x=—e +¢e™ x=-e>+e"' | Al cao

(8)

6668/01 GCE Mathematics June 2009 9
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X=—e" +e’
b
(b) dx Differentiates their x to give %
_:3e—3t_ —t_o t M1
dt dx
and puts — equal to 0.
dt
3-e*=0 A credible attempt to solve. | dM1*
=t=1In3 t=1In3 or t = Iny/3 orawrt 0.55 | Al
3 I 3 1
So, x=—g " 4T o g3 gt
Substitutes their t back into x
B s and an attempt to eliminate out
X=-3°*+3"° the In’s. | ddM1
11 2 243 2.3
_ +— == - 2¥7 | ive —— | Al AG
33 3 383 9 uses exact values to give 5
2
% =%t e Findsﬂ
dt?
d?x and substitutes their t intoﬂ dm1*
Att=3In3, 7 = —9e 2" 1 g2 dt?
IR 9 1 3 1
=-93) " +3  =—F—+—F—=—+—
© NN NN o
d?x 9 1 2 9 1 :
As — = —+-——==4-——" <0 ——— + — < 0 and maximum
i~ 373 \3 { Jﬁ} 33 3 AL
then x is maximum. conclusion.
(7)
[15]

6668/01 GCE Mathematics June 2009 10
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Question Scheme Marks
Number
1(a) 11
3r-1 3r+2 M1 Al
(2)
(b) i;_l_hl_hl_g C
~(3r-)@Br+2) 2 5 5 8 8 11 3n—1 3n+2 M1 Alft
1 1 3 %
2 3n+2 2(3n+2) Al
3)
(© Sum = f(1000) — f(99)
3000297 _ 00301 or 3.01x10° X'll
6004 598 @

GCE Further Pure Mathematics FP2 (6668) Summer 2010
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2 f"(t) = —x—cos x, f'(0)=-1 B1
£7(t) = (~1+sin ) & £(0) =-0.5
t)=(- +S|nx)ai (0) =-0. M1A1
t? t?
f(t) = f(0)+tf’(0)+3f”(0) +§f”’(0)+...
=O.5t—0.5t2—%t3+... M1 Al

GCE Further Pure Mathematics FP2 (6668) Summer 2010
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38 | (x+4)(x+3)2=2(x+3)=0, (x+3)(x2+7x+10)=0 50 (x+2)(x+3)(x+5)=0 M1
or alternative method including calculator
Finds critical values -2 and -5 Al Al
Establishes x > -2 Alft
Finds and uses critical value -3 to give -5 <x <-3 M1A1
(6)
(b) X >-2 B1ft
)

GCE Further Pure Mathematics FP2 (6668) Summer 2010
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4(a) Modulus = 16 Bl
27
Argument = arctan(—/3) =—
g ( \/_) 3 M1A1
3)
b
(®) 23 :163(005(2?”)+isin(2§))3 =16%(cos 27 +isin2 ) =4096 or 16 M1 Al
(2)
© w=16* (cos(ZZ) +isin(25))* = 2(cos(£j +isin (5]) (=+3+i)
3 3 5 5 M1 Alft
)
10

GCE Further Pure Mathematics FP2 (6668) Summer 2010
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5(a)
15+sin39=2 — sin30=05 .~.30=% (or %”j M1 Al
V4 Y4 Al
and .0 =— or —
18 18 3)
(b) Area = %[j(1.5+sin349)2d49}, -é;z’sz M1, M1
= %['[(2.25+3sin30+%(1—c0369))d0] -%ﬂXZZ M1
1 %f M1 Al
= %[(2.259—cos39+%(9—gsin 66’))][ - Zax2?
18
133 5= M1 Al
24 36
(7
10

GCE Further Pure Mathematics FP2 (6668) Summer 2010



PhysicsAndMathsTutor.com

edexcel

PMT

Question Scheme Marks
Number
6(a) | Imaginary Axis
A
Re(z)=3
| >
0 Real axis
6 Vertical Straight line | B1
Through 3 on real axis | B1
(2)
(b) These are points where line x = 3 meets the circle centre (3, 4) with radius 5. M1
The complex numbers are 3 + 9i and 3 — 1. Al Al
3)
@ | fa-el-l= -6 -[3 s
~.[30-6w=[30] = ..|5-w|=]5| M1 Al
This is a circle with Cartesian equation (u—>5)* +v* =25 M1 A1l
®)
10

GCE Further Pure Mathematics FP2 (6668) Summer 2010
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7(a) dy dy dz dy dy dz
—=——and —=2z so —=2z.—
dx dz dx dz dx dx M1MIAlL
M1 Al
Substituting to get 22.%—422 tan x =2z and thus gz_ 2ztanx =1 * 5
dx X (®)
b —Z1an Xax
(b) R R P M1 AL
: i(zcos2 X)=cos’ X .".zC0s’ X = jcos2 xdx
i = S = M1
. 2C0S* X = |4 (cos2x+1)dx=21sin2x+1 x+c
J: ’ ’ M1 Al
- z=1tan x+4 xsec? X+ csec’ x
Al
(6)
(©) -y =(4tan x+4 xsec? x + csec? x)? B1ft
1)
12

GCE Further Pure Mathematics FP2 (6668) Summer 2010
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8(a) Differentiate twice and obtaining
d . d? .
d_y = Asin5x+54Axcos5x and d—i’ =104 cos5x — 254xsin5x M1 Al
X X
. . 3
Substitute to give A = 0 M1 A1l
4)
(b) Complementary function is y = Acos5x + Bsin5x or Pe®™ + Qe ** M1Al
. . 3 . . ) Alft
So general solution is y = Acos5X + Bsin5x +E XsIin5x or in exponential form 3)
©) y=0whenx=0 meansA=0 B1
@ SBcos5x +isin 5x+§xc055x andatx=0 _ 5 and so 5 =5A M1 M1
dx 10 2 dx
SoB=1 Al
. 3 .
So y:3|n5x+Exsm5x Al
(%)
@ |7
N "Sinusoidal" through O B1
1 PR 7 A n .
PN N \ amplitude becoming larger
| \ \‘* Crosses x axis at
: - . z 27 37 A7 B1
5555
)
0. Becreco sttt | @pons)oo st b F

14
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General Instructions for Marking

. The total number of marks for the paper is 75.

. The Edexcel Mathematics mark schemes use the following types of marks:

e Mmarks: method marks are awarded for ‘knowing a method and attempting to apply it', unless otherwise
indicated.

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

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

e Marks should not be subdivided.

. Abbreviations

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

e bod - benefit of doubt

o ft—follow through

e the symbol vwﬁ be used for correct ft
e Cao - correct answer only

e SO - correct solution only. There must be no errors in this part of the question to obtain this mark
e isw - ignore subsequent working

e awrt — answers which round to

e SC: special case

e 0e - orequivalent (and appropriate)

e dep - dependent

e indep - independent

e dp decimal places

e sf significant figures

e % The answer is printed on the paper

o [ The second markis dependent on gaining the first mark
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Number Scheme arks
1. 3x=(x—4)(x+3) x*—4x-12=0 M1
X=-2, X=6 Al
both
Other critical values are x=-3, x=0 B1, Bl
-3< X< =2, O<x<6 M1 Al Al

(7)
7

1% M1 for £( x> —4x—12) — “=0’ not required.

B marks can be awarded for values appearing in solution e.g. on sketch
of graph or in final answer.

2" M1 for attempt at method using graph sketch or +/-

If cvs correct but correct inequalities are not strict award A1AQ.

GCE Further Pure Mathematics FP2 (6668) June 2011
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Number
2.
d’y d’y (dyjz dy ( dy o j M1 Al
—==e"|2y—+2 = | +2y— |+e*| 2y—+Yy  +1
@ ax® [ y dx? dx Vi Yo Y
d’y d’y  (dy) . dy o Al
—=e2y—+2| = | +4y—+y“+1 k=4
ax® [ y dx? dx Yax Y k=4
3)
2
(b) (d Z’j =e’(4+1+1)=6 Bl
dx* ),
d’y B1
= | =e(12+8+8+1+1)=30
dx* ),
2 3
y=1+2x+%+30x =1+ 2x+3x* +5x%° ML Alft
(4)
7
€)) 1°* M1 for evidence of Product Rule
1% A1 for completely correct expression or equivalent
2" A1 for correct expression or k = 4 stated
(b) 2" M1 require four terms and denominators of 2 and 6 (might be
implied)
Al follow through from their values in the final answer.

GCE Further Pure Mathematics FP2 (6668) June 2011
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Numbor. Scheme Marks
5
3. ﬂ+5lzln_2x Integrating factor ol M1
dx X X
J‘E
el x :eSInx =X5 Al
4 3
[x*Inxdx = '”X—jx—dx M1 M1 Al
4 4
4 4
_X'Inx _x* (+C) Al
4 16
X*Inx  x* Inx 1 C
4 16 4x 16X X

(8)
8

1% M1 for attempt at correct Integrating Factor

1% A1 for simplified IF

2" M1 for In_zx times their IF to give their “ x* In X’
X

3rd M1 for attempt at correct Integration by Parts

2" A1 for both terms correct

3" A1 constant not required

4™ M1 x°y =their answer + C

GCE Further Pure Mathematics FP2 (6668) June 2011
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Number
4.
(a) (2r+1)" =(2r) +3(2r)" +3(2r)+1 M1
A=8, B=12, C=6 Al
)
(b) (2r-1)’ =(2r)’=3(2r)* +3(2r)-1 M1
(2r+1)° —(2r-1)° = 24r* +2 (*) | Alcso
)
(©) r=1: -1 = 24x1*+2
r=2: 5 -3° = 24x2°+2
M1 Al
r=n: (2n +1)3 —(2n—1)3 = 24xn*+2
summing: (2n+1)°-1=243"r*+(3 )2 M1
(>2)=2n B1
Proceeding to > _r? :%n(n +1)(2n+1) Alcso
r=1
(5)
9
(a) 1° M1 require coefficients of 1,3,3,1 or equivalent
(b) 1% M1 require 1,-3,3,-1 or equivalent
© 1% M1 for attempt with at least 1,2 and n if summing expression
incorrect. RHS of display not required at this stage.
1*' A1 for 1,2 and n correct.
2" M1 require cancelling and use of 24r? +2
Award B1 for correct kn for their approach
2" A1 is for correct solution only

GCE Further Pure Mathematics FP2 (6668) June 2011
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(Ngaf:;igrn Scheme Marks
5.
(a) X +(y-1)=4 M1AL
(2)
(b) ol
Cj M1: Sketch of circle M1
> Al: Evidence of correct centre and radius Al
(2)
(x+iy)+i  x+i(y+1)
W= =
(©) 3i(x+iy) (3—y)+ix M1
_ [x+i(y+1)][(3-y)-ix] it
[B=y)+ix][(3-y)-ix]
On x-axis, so imaginary part =0:  (y+1)(3-y)-x*=0 M1 Al
(y+D)B-y)-x*=0 = x°+(y-1)*=4,s0QisonC Alcso
(5)
9
Alt. (c) Let w=u+iv: u:Z—Jr_I (sincev =0) M1
3+iz
, U] dM1
1-ui
Z_i:3u—|—|.—u=2(u—.|) M1 AL
1—ui 1-ui

2\Ju? +1
Ju? +1

(@) M1 Use of z =x+ iy and find modulus

z-i|= =2,50QisonC Alcso

(b) Award AO if circle doesn’t intersect x - axis twice

(©) 1°' M for subbing z = x + iy and collecting real and imaginary parts
2" M for multiply numerator and denominator by their complex
conjugate

3rd M for equating imaginary parts of numerator to 0
Award Al for equation matching part (a), statement not required.

GCE Further Pure Mathematics FP2 (6668) June 2011
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Areaof R= —+ —  ——— =
4 16 32 4 32

Question Scheme Marks
Number
6. 2+c0s0=>—0=" B1
2 3
1 2 1 )
EJ‘(2+cos¢9) dG:EJ'(4+4cos¢9+cos 9)d9 M1
=£[40+4sin 9+S'”29+q M1 AL
2 2
. .. 1 97r 1 7r
Substituting limits — 4— Bl el el
. 1 25 1 f 253
Area of triangle = =(rcos@)(rsinf)==—x—x=—x—| =——
) 2( )( ) 2 4 2 2 ( 32 J MIAL
3z 17V3 _25/3 3z 93 ML AL

©)
9

1% M1 for use of % j r> d@ and correct attempt to expand

2" M1 for use of double angle formula - sin 26 required in square
brackets
3" M1 for substituting their limits

4" M1 for use of %base x height

5™ M1 area of sector — area of triangle
Please note there are no follow through marks on accuracy.

GCE Further Pure Mathematics FP2 (6668) June 2011
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Question Scheme Marks
Number
7.
(a) sin560 = Im(cos @ +isin #)° Bl
5cos* 4(isin #) +10cos” A(i*sin® §) +i°sin° 4 M1
=i(5cos* #sin @—10cos” Fsin® @ +sin’ H) Al
(Im(cos @ +isin6)° ) = 5sin O(1—sin® )° —10sin’ O(L-sin’ O) +sin° ¢ | M1
sin50 =16sin® #—20sin* @ +5sin6  (*) Alcso
()
(b) 16sin° 0 — 20sin® 0 +5sin @ = 5(3sin - 4sin’ 0) M1
16sin® #—10sin@=0 M1
sin“ezg 0 =1.095 Al
Inclusion of solutions from sin @ = —4\/§ M1
Other solutions: @ =2.046, 4.237, 5.188 Al
sind=0=60=0, =r (3.142) Bl
(6)
11
(@) Award B if solution considers Imaginary parts and equates to sin56
1% M1 for correct attempt at expansion and collection of imaginary
parts
2" M1 for substitution powers of cosé
(b) 1°' M for substituting correct expressions
2" M for attempting to form equation
Imply 3" M if 4.237 or 5.188 seen. Award for their negative root.
Ignore 27 but 2" AQ if other extra solutions given.

GCE Further Pure Mathematics FP2 (6668) June 2011
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(Ngllfns;'grn Scheme Marks
8.
(a) m’+6m+9=0 m=-3 M1
CF. x=(A+Bt)e™ Al
P.l. x=Pcos3t+Qsin3t Bl
X =-3Psin3t +3Q cos 3t M1
X =-9Pcos3t —9Qsin 3t
(-9P cos3t —9Qsin3t)+6(-3Psin3t+3Qcos3t)+9( P cos3t+Qsin3t) = cos M1
—-9P +18Q+9P=1 and -9Q-18P+9Q=0 M1
1
P=0 and Q= — Al
Q 18
x=(A+Bt)e™ +%sin 3t Alft
(8)
1
(b) t=0: x:A:E Bl
&= -3(A+Bt)e™ + Be™ +%cos3t M1
1 4
t=0: >&=—3A+B+g:0 B:§ M1 Al
1 4t 5 1 .
X=|=—+— |7 +—sin3t Al
(2 3 j 18
©)
(c) t= 59?7[ (= 30.9) Bl
1 B1ft
18
(2)
15
(@) 1 M1 Form auxiliary equation and correct attempt to solve. Can be
implied from correct exponential.
2"% M1 for attempt to differentiate PI twice
3" M1 for substituting their expression into differential equation
4™ M1 for substitution of both boundary values
(b) 1% M1 for correct attempt to differentiate their answer to part (a)
2" M1 for substituting boundary value

GCE Further Pure Mathematics FP2 (6668) June 2011
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FP2 Mark Scheme

General Marking Guidance

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

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

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

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

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

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

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

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

General Instructions for Marking

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

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

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

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

e Marks should not be subdivided.

3. Abbreviations

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

* bod - benefit of doubt

» ft - follow through

e the symbol } will be used for correct ft

e cao - correct answer only

* (SO - correct solution only. There must be no errors in this part of the
question to obtain this mark

e isw — ighore subsequent working

e awrt - answers which round to

+ SC: special case

e o0e - or equivalent (and appropriate)

+ dep - dependent

+ indep - independent

e dpdecimal places

+ sf significant figures

% The answer is printed on the paper

B The second mark is dependent on gaining the first mark

4. All A marks are ‘correct answer only’ (cao.), unless shown, for example, as Al ft
to indicate that previous wrong working is to be followed through. After a
misread however, the subsequent A marks affected are treated as A ft, but
manifestly absurd answers should never be awarded A marks.
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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

& +bx+c)= &+ p)k+q), wherdpg =|c leading to X = ...,
(ax’ +bx+c )= x+ p)Ox+q ), wherepg =|c and|mn| = 4]

, leading to x = ...

2. Formula
Attempt to use correct formula (with values for a, b and c¢), leading to x = ...

3. Completing the square
Solving X*+bx+c=0; (x£5)’tq+c, g#0, leadingto x = ..

Method marks for differentiation and integration:
1. Differentiation

Power of at least one term decreased by 1. (X" - X

n-1

)

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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Question
Number Scheme Marks
1. x*-4=3x and x*-4=-3x, or graphical method, or squaring M1
bath sides, leading ta = ...
k=—-4,x=-1) x=1 x=4 seen B1B1
anywhere
Using only 2 critical values to find an inequality dm1
x<1l x>4 both strict, ignore ‘and’ Al
(5)
5
Notes

1°' M1 acceptt(x* — 4) = 3x or +(x? — 4) = 3x Require modulus
of

parabola and straight line with positive gradient through origin for
graphical method.

1% B1 for x=1, 2 B1 for x=4

2" M1 dependent upon first M1

AO for error in solution of quadratic leading to correct answer.

PMT
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Question Scheme Marks
Number
2. y=r si@#= si+ 2sindcosfd B1
dy
— = cog+ o024 M1
dé
4c086+ co¥-2=0 Aloe
cosg = _EVI+32 :3“32 M1 Al
Op = =14 Z1FV1¥32 _ 3+V33 M1 Al
4 4
(7)
7]
Notes

B1 for sint + 2sinfcos? or sinf (1 + 2cos?)
1% M1 for use of Product Rule or Chain Rule (require 2 or condone %2)
1°' A1 equation required
2" M1 Valid attempt at solving 3 term quadratic (usual rules) to gi
cosf =

2" A1 for exact or 3 dp or better (-0.843.....and 0.593....)
3 M1 for 1+2x ‘theircosé”’

3 A1 for any form AO if negative solution not discounted.

<

e
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Question Scheme Marks
Number
3.
@ | r=yE2+ @37 =4 B1
tand=—J/3  (Also allow M mark fortand = +/3) M1
M mark can be implied 8y iz?n or = i%
6= 2_77 Al
3
3)
(b) Finding the &' root of their r =44 (=42) M1
For one root, dividing thei€ by 4: 0:2—:+4:% M1
For another root, add or subtract a multipleaf to their 8 and M1
divide by 4 in correct order.
Sn n n 2n
J ZAcosf +isin@) , wheregd=-"— -= = == Al Al
4 'siné) 6' 36 3
(5)
8
Notes
(@) M1 Accept=y3 or +—
Al Accept awrt 2.1. A0 if in degrees.
(b) 2" M1 for awrt 0.52

15' A1 for two correct values
2" A1 for all correct values values in correct form and no more

PMT
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?\ltﬁtbigp Scheme Marks

4. m?+5n+6=0 m=-2 -3 M1
C.F. (x=)Ae® +Be* Al
P.l. x=Pcog+Qsint B1
Xx=-Psint+Qcog
X=-Pcost-Q sint M1
- dosQ dint) 5P sirQ cds¥y 6 cos+Q sirt )= Xost —si M1
-P+3+6P=2 and -Q-5+6Q=-1, and solve foP andQ | M1
P:i and Q:i Al Al

1C 1C
2t a3 1.
x=Ae“ +Be™ +—cos +—sint B1 ft
C 1C

Notes

1°' M1 form quadratic and attempt to solve (usual rules)

1% B1 Accept negative signs for coefficients. Coefficients must be
different.

2" M1for differentiating their trig Pl twice

39 M1 for substitutingx, X and X expressions

4™ M1 Form 2 equations in two unknowns and attempt to solve
1%' A1 for one correct,”® A1 for two correct

2" B1 for x=their CF + their PI as functions bf

Condone use of the wrong variable (ecgistead of) for all marks
except final B1.

(9)
9
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Question

Number Scheme Marks
5.
d’y  dy _ dy
X—+—=3+2 Using differentiation of product or quotient
(@) o Tax o g (Using P a M1
and also differentiation of implicit function)
2
Y 4 - 2)) 5 y =3  wxag Al cso
X
(2)
d’y d%y
—+ +....
(b) [ v B1
(1 2y)d2—y— ﬂjz =( M1 Al
..... o y
Atx=1: Y- 4 Bl
dx
2 3
9y _; Y.y B1, Bl
dx? dx®
" _1\2 m —_1\3
(y =)(1) + Q) (x=1)+- (1)(;‘ D (1)(; v M1
y=1+4(x-1) +— (x 1)? + (x 1)° (or equiv.) Al ft
(8)
10
Notes
@ Finding second derivative and substituting into given answer
acceptable
(b) 1%' M1 for differentiating second term to obtain an expression

involving
d2

Y g ( dyj
dx’ dx
B1B1B1 for 4,7,32 seen respectively
2" M1 requiref (1) or 1,f (1) etcandx-1and at least first 3 terms

Al for 4 terms following through their constants
Condone )= instead of/=
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Question

Number Scheme Marks
6.
1 _1(1  13\_1_ 1
@ r(r+2)_2(r r+2j 2 z2+4 B1,Bloe
(2)
11 1
=1 Jl ———
(b) r 2(1 3j M1
=2 i(l_lj
2\2 4
r=3 1(1’-1’)
2\3 5
r=n-1 l(i—_lj
2\n-1 n+1
11 1
r=n: =|=-
Z(n n+2j Al
N 1 1(, 1 1 1
Summing: =—|1l+——-—-
grzzl:r(r+2) 2( 2 n+l n+2j M1 Al
1 —_ —_
_1( 30+ D0+ 2)-20+)-2(n+2) | n(@+YH M1 Alcan
2 2n+1)(n+2) dn+(n+2)
(6)
o1 2n(en+ 5)
= Bl
©) Er(m) A+ )(@D+ 2) o
B _ 2n(6n+5)  n(H+5)
S 7S5 42n+D(h+ 2) 40+ Do+ 2 M1
_ n6n+5)(n+ 2)-n(A+ 5)(2r+ 1)
4n+D(n+ 2)(n+ 1)
_ nén®*+17n+10- &° - 18- 5)_ n (4+ 5)
4N+D)(n+ 2)(h+ 1) 40+ Do+ 2)(2+ 1 Alcso
(*ag*)
(3)
11
(a) 1% and 2° B1 Any form is acceptable
(b) 1% M1 must include at least 4 out of 5 of (r=)1,2,3 and n-1, n

(©)

1%' A1 require all terms that do not cancel to be accurate
2" M1 Summed expression involving all terms that do not cancel

2" A1 Correct expression
3 M1 for attempt to find single fraction
1%' M1 for expression foS,, — S,
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?\lﬂﬁtbigp Scheme Marks
7.
v
X
(a) B1
seen
3,2 dv 3, .,3,3 2, av _ 3
= vix—=1-2v
BXV(\Hde) X~ +V°X = de M1 AL cso
(**ag**)
3)
3v? 1
dv = J—dx
(0) 1-2v° X M1
—%In(l—ZvS)ZInx (+C) M1 Al
—In-2v¥)=Inx*+In A
1
Ax? = N M1
3
1- 23; _ 1
X Ax?
X} -Bx
Y={"%  orequivalent dM1 Alcso
(6)
(c) Usingy = 2 atx = 1: 12% =1+8 M1
At X = 1’ ﬂ = § Al
dx 4
(2)
11
Notes
€)) M1 for substituting y aneg—y obtaining an expression mandxonly
X
(b) 1°' M1 for separating variables

(©)

2" M1 for attempting to integrate both sides
1°' Alboth sides required or equivalent expressions. (Modulus not
required.)

3 M1 Removing logs, dealing correctly with constant

4" M1 dep on 1st M. Substitulvezi and rearranging ty =f(X)

X

M1 for finding a numerical value fogrl
X

Al for correct numerical answer oe.
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?\lﬂﬁtbigp Scheme Marks
8.
(@) |x +iy = 6i = 2Jx +iy -3 M1
X2+ (y— 6) =4 (x-3)% + y?| M1 Al
x*+y*— 19+ 36= &* - 24+ 36+ 4y’
X+ 37 - 2K&+12y=0
x—4Y + (y+ 27 =20 M1
Centre (47 2), Radius/ 202=5 awr47 Al Al
(6)
H
Centre in correct quad for their
M1
(b) Passes through O cenfte in 4
Alcao
Bl
; Half line with positive | B1
gradient
Correct position, clearly through (6,
0)
(4)
(c) Equation of liney =x- 6 Bl
Attempting simultaneous solution of M1
x—4Y + (y+2° =20 andy=x- 6
X = 4+/10 Al
(4-v10)+ i(- 2-+10) Alcao
(4)
14
Notes
(@) 1°' M Substitutingz = x+iy oe
2" M implementing modulus of both sides and squaring. Require
Ré€ plus Im? on both sides & no terms in i. Condone 2 instead of 4
here.
3" M1 for gathering terms and attempting to find centre and / or radius
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Question Scheme Marks
Number

2" A1 for centre, 8 A1 for radius
Alt 8(c) | For geometric approach in this part.

Centre (4,-2) on line, can be implied.

Bl

Use of Pythagoras or trigonometry to find lengths of isosceles triangle M1

x =4-+/10
(419} - 2- 50

Al
Alcao

PMT
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General Marking Guidance

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

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

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

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

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

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

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

PMT



3.

PhysicsAndMathsTutor.com

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

The Edexcel Mathematics mark schemes use the following types of marks:

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

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

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

Marks should not be subdivided.

Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark
schemes:

bod — benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao — correct answer only

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

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

%k The answer is printed on the paper

E The second mark is dependent on gaining the first mark

All A marks are ‘correct answer only’ (cao.), unless shown, for example, as Al ft to
indicate that previous wrong working is to be followed through. After a misread
however, the subsequent A marks affected are treated as A ft, but manifestly absurd
answers should never be awarded A marks.

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

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

Ignore wrong working or incorrect statements following a correct answer.

In some instances, the mark distributions (e.g. M1, B1 and Al) printed on the
candidate’s response may differ from the final mark scheme
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General Principles for Pure Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).
Method mark for solving 3 term quadratic:

1. Factorisation

(x* +bx+c) = (x+ p)(x+q), where |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 c).

3. Completing the square

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

Method marks for differentiation and integration:

1. Differentiation

Power of at least one term decreased by 1. (Xn - Xn_1)

2. Integration

n+1

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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Question Scheme Marks
Number
X+ 2i
1. Z=X =— M1Al
IX
1 2i
X
U+iv=—i+—
X
2
X
. W is on the line v+1=0 Al
4 Marks
NOTES
M1 for replacing at least one z with x to obtain  (ie show an appreciation that y =0)
Al we X-.i-2|
IX

M1
just a number

Al

for writing w as U +1iv and equating real or imaginary parts to obtain either u or v in terms of x or

for giving the equation of the line v+1=0 oe must be in terms of v
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Question Scheme Marks
Number
Q1 - ALTERNATIVE 1:
X+iy+2i . . ,
W=——7"— Replacing z with x+iy
i(x+iy)
W x+|y+_2| X—y—!x
—y+IX —y-—-IX
_ (x+ily +2))-y—ix)
y2 + X2
e 2x—i(x2 +y? +2y)
y2 +X2
2x—ix> 2 . . . . M1Al
W= >,— =——1Usingy=0. This is where the first M1 may be
X X
awarded. Al if correct even if expression is unsimplified but denominator
must be real
v=-1 M1, Al as in main scheme M1Al
Q1 - ALTERNATIVE 2:
2i . . .
7= P Writing the transformation as a function of w
Iw—
2i
Z=- -
i(u+iv)-1
L 2 ><(—v—l)—lu
(~v-1)+iu (~v-1)—iu
Z_2u+2i(—v—1)_ 2u i 2(-v-1)
(-v-1+u?* (-v-1+u® \(-v-1) +u?
Z(Lz_l) =0orsimply —2(v+1)=0 Usingy = 0. This is
(v—1)° +u? M1AL
where the first M1 may be awarded. Al if correct even if expression is
unsimplified but denominator must be real
v=-1 M1, Al as in main mark scheme above M1Al
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Question Scheme Marks
Number
2. NB Allow the first 5 marks with = instead of inequality
6X 1
3-x x+1
6x(3—x)(x+1)° —(3—x)"(x+1)>0 M1
(3-x)(x +1)(6x2 +6X—3+ x) >0
(3—x)(x+1)(3x—1)(2x+3)>0 M1dep
Critical values 3, -1 Bl
31
and ——, — Al, Al
2 3
. . 3 1
Use critical values to obtain both of — E <x<-1 § <X<3 M1Alcso
7 Marks
NOTES
M1 for multiplying through by (x +1)2 (3- x)2

OR: for collecting one side of the inequality and attempting to form a single fraction (see alternative
in mark scheme)

M1ldep for collecting on one side of the inequality and factorising the result of the above (usual rules for

Bl

Al

Al
NB:

M1

Alcso

factorising the quadratic)

OR: for factorising the numerator - must be a three term quadratic - usual rules for factorising a
quadratic (see alternative in mark scheme)

Dependent on the first M mark

for the critical values 3, -1

for either —g or 1

3

for the second of these

the critical values need not be shown explicitly - they may be shown on a sketch or just appear in the
ranges or in the working for the ranges.

using their 4 critical values to obtain appropriate ranges e.g. use a sketch graph of a quartic, (which
must be the correct shape and cross the x-axis at the cvs) or a table or number line

for both of —g<x<—1, %<x<3
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Notes for Question 2 Continued

1

Set notation acceptable i.e. (—g,—lj ) (§3j All brackets must be round; if square brackets appear

anywhere then AO.

If both ranges correct, no working is needed for the last 2 marks, but any working shown must be correct.

Purely graphical methods are unacceptable as the question specifies “Use algebra...”.

Q2 - ALTERNATIVE 1:

6X 1
— >0
3—-x x+1

6x(x+1)—(3-x)

(3—x)(x+1)

>0

(3x—-1)(2x+3)
(3—x)(x+1)

>0

Critical values 3, -1

and —

N | w
Wl

Use critical values to obtain both of

—§<x<—1
2

l<x<3
3

M1

M1ldep

Bl

AlA1l

M1Alcso

7 Marks
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Question
Number

Scheme

Marks

3(a)

(b)

(c)

2 _A_B
(r+1)(r+3)_r+1 r+3

2=A(r+3)+B(r+1)

2 1 1
(r+1)(r+3)_r+l r+3

N.B. for M mark you may see no working. Some will just use the “cover up”

method to write the answer directly. This is acceptable.

Z(r+1)2(r+3) :Zril_ I‘-:iL-B
G
[il_ j (%_niz}{nil_ni\?j

>
+
[N

_ 5(n+2)(n+3)-6(n+3)-6(n+2)
6(n+2)(n+3)

_ 5n? +25n+30-12n-30
6(n+2)(n+3)

_n(5n+13) %
~6(n+2)(n+3)

100 100 9

10 1 1

1 1
00(500+13) _9x58 _1425 29 0150, 65009...

T T6x102x103  6x11x12 1751 44

=0.1547...=0.155

M1A1

(2)

M1A1ft

M1

Al

(4)

M1

Al

)

8 Marks
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Notes for Question 3

Question 3a

M1 for attempting the PFs - any valid method

B 1 B 1
(r+1)(r+3)_r+l r+3

Al for correct PFs

N.B. for M mark you may see no working. Some will just use the “cover up” method to write the answer
directly. This is acceptable. Award M1A1 if correct, MOAO otherwise.

Question 3b

If all work in r instead of n, penalise last A mark only.

M1  for using their PFs to list at least 3 terms at the start and 2 terms at the end so the cancelling can be
seen. Must startat r=1 andend at r=n

Alft for correct terms follow through their PFs

M1  for picking out the (4) remaining terms and attempting to form a single fraction (unsimplified
numerator with at least 2 terms correct)

n(5n+13) : , - :
Alcso for * (Check all steps in the working are correct - in particular 3rd line from
6(n+2)(n+3)
end in the mark scheme.)
. 11 1 1 . . L
NB: If final answer reached correctly from —+——-—————(i.e. working shown from this point

3 n+2 n+3
onwards) give 4/4 (even without individual terms listed)

PMT
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Notes for Question 3 Continued

Question 3¢
100 9

M1 for attempting Z —Z using the result from (b) (with numbers substituted) Use of
1 1

100 10
Z —z scores MO
1 1

Alcso for sum = 0.155
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%ﬂ?ﬁgg? Scheme Marks
d’y dy)2
4(a —Z4+[ L] +5y=0
@ ydszr(dx oy
2 3 2
d_yd_)2/+yd_é/+2(d_y)d_)2/+5d_y:0 M1M1
dx dx dx dx ) dx dx
_gdy _g(dy)dy A2,1,0
d’y dx \dx ) dx?
dx’ y (4)
Q4a - ALTERNATIVE 1:
2
¢’y _-5y-(&) =—5—1[d—y]2
dx? y y Ldx
fy_ 3 (o) 20 dy gt
d®  y?ldx) yldx)|dx® A210
(b) When X:O d—y:2 and y=2
dx
2
%:1(_10_4):_7 M1A1
X

d’y —10-3x2x-7

d 16
dx 2

y:2+2x—Lx2 +Ex3+...
200" 31

y:2+2x—zx2+§x3
2 3

Al

M1

Al

(5)
9 Marks
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Question Scheme Marks
Number
Alternative: y =2+ 2x+ax’ +bx® M1
(2+2x+ax +bx*)(2a+6bx)+(2+ 2ax+3bx2...)2
M1
+5(2+2x+ax2 +bx3) =0
0 7
Coeffs x": 4a+4+10=0 a:—E Al
Coeffsx: 4a+12b+8a+10=0 :b:% Al
y:2+2x—zx2+§x3 Al
2 3
NOTES
Accept the dash notation in this question
Question 4a
. . . d?y
M1  for using the product rule to differentiate yd—z.
X
2
M1 for differentiating 5y and using the product rule or chain rule to differentiate (g—y)
X
2
d® _53y _3(33/)3)2/
A2,1,0 for Z = X X/ oX Give A1AL1 if fully correct, ALAO if one error and AQAO if

dx y
more than one error. If there are two sign errors and no other error then give A1AOQ.

. d?
Do NOT deduct if the two d—Z terms are shown separately.
X

Alternative to Q4a

Can be re-arranged first and then differentiated.

M1M1 for differentiating, product and chain rule both needed (or quotient rule as an alternative to product
rule)

d¢ vy ldx)  yldx )\ dx?

AOADO if more than one error

3 3 2
A2,10 for d’y = L (d_yj _E(ﬂ)(d_y] Give A1AL if fully correct, A1AO if one error and
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Notes for Question 4 Continued

Question 4b

- . . . . d’
M1 for substituting (;_y =2 and y=2 intheequation to obtain a numerical value for d—z/
X X
2

Al for d—¥:—7
dx
d’y

Al for obtaining the correct value, 16, for procy

X

XS
31
general series may be shown explicitly or implied by their substitution)

2
M1 for using the series y:f(x):f(0)+xf’(0)+%f"(0)+ f”(0)+... (2'or2,3!or6) (The

7 . .
Al for y=2+2x —Exz +§X3 oe Must havey = .. and be in ascending powers of

Alternative to Q4b

M1 for setting Y =2+2x+ax’ +bx’
M1 for(2+2x+ax2+bx3)(2a+6bx)+(2+2ax+3bx2...)2+5(2+2x+ax2+bx3):0

. 7
Al for equating constant termsto get a= —E

Al for equating coeffs of x* to get b :g

3

Al for y:2+2x—zx2+§x
2 3
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Question

Number Scheme Marks
5(a) LF, = el gansex _gpc2 M1A1
yseczx:jseczxsin 2x dx M1
ysec’ x:jzs'Lf()S)(dx:than X dx
cos’ X
ysec’ x = 2Insecx (+C) M1depAl
2Insecx+c Alft
SeC2 X (6)
® | y=2x=%
2Insec(”j
3
T
sec?| =
3)
”_ 2In(2)+c
4
c=8-2In2 M1A1l
2Insec(”j+8—2ln2
6 sec? (”)
6
2
2In£+8—2In2
y= ﬂ M1
3
Al
y 3[8+2In L j 6+3I L 6—§In3
B2 e @
10 Marks
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Question Scheme Marks
Number
Alternative: ¢ may not appear explicitly:
secz
ysec’ Z—2sec’ £=2In : M1A1
secZ
3¥-8=2In-
3 1 3, 1 3
=—|8+2In—= |=6+=In—==6-—=In3 M1A1
’ 4( 7 J 23 4
NOTES
Question 5a
M1 for the ej2tanXdX or ejtanXdX and attempting the integration - €?""** should be seen if final result is
not sec” X

Al for IF =sec?x

M1 for multiplying the equation by their IF and attempting to integrate the lhs

M1dep for attempting the integration of the rhs Sin 2X = 2sin XC0S X and Sec X = needed. Dependent

COS X
on the second M mark

Alcao for all integration correct ie ysec® X =2Insecx (+C) constant not needed

Alft for re-writing their answer in the form y =... Accept any equivalent form but the constant
In( Asec’ x)

—, y=cos’x| In(sec’ ) +c|
sec’ X

must be present. eg y =
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Notes for Question 5 Continued

Question 5b

M1 for using the given values y =2, X = E in their general solution to obtain a value for the constant of

integration

1 . .
Al foreg c=8-2In2 or A==¢® (Check the constant is correct for their correct answer for (a)).

Answers to 3 significant figures acceptable here and can include cosgor secg

M1 for using their constant and X = 5 in their general solution and attempting the simplification to the

required form.

Alcao for y:6—%ln3 (% or O.75)

Alternative to 5b

M1 for finding the difference between ysecZ% and 23e02§ (or equivalent with their general solution)

secZ
Al for ysec’Z-2sec’Z=2In :
secZ

M1 for re-arranging to y =... and attempting the simplification to the required form

Alcao for y=6—%ln3 (% or 0.75]

PMT
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Question Scheme Marks
Number
6(a) "+z"=e" e
=cosnd+isinn@+cosnd—isinnd
=2cosnd * M1A1
()
(b) (z+z‘1)5 =32c0s° 0 B1
(z+z‘1)5 =72°452°+102+102*+52% +72° M1A1
32c0s° 0 = (25 + z’5)+5(z3 + 2’3)+1O(z + z’l)
=2c0s50+10cos 360+ 20cosd M1
5 1 k
cos HZE(COS56’+5COS39+100089) Al
(5)
(c) cos50+5c0s30+10cosd =—-2cosé M1
16c0s® @ = —-2cos O Al
2cos:9(80054 0+1) =0
8cos*@+1=0 no solution Bl
coséd=0
(4)

11 Marks
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Notes for Question 6

Question 6a
M1 for using de Moivre's theorem to show that either z" =cosné +isinné or z" =cosngd—isinnd
Al  for completing to the given result  z" +z" =2cosn@d *

Question 6b

5
B1 for using the result in (a) to obtain (z + z'l) =32c0s°@ Need not be shown explicitly.

5
M1 for attempting to expand (z + z'l) by binomial, Pascal's triangle or multiplying out the brackets. If
"C, is used do not award marks until changed to numbers
5
Al for a correct expansion (z + z'l) =7°+52°+10z+10z ' +52°% +72°
M1 for replacing (25 + 2’5), (23 + 2’3), (z+ z’l) with 2€0s58, 2¢0s36, 2cosé and equating their

5
revised expression to their result for (z + z'l) =32c0s° @

Alcso for c0359z%(00359+500330+1000$9) *

Question 6¢

M1 for attempting re-arrange the equation with one side matching the bracket in the result in (b) Question
states "hence", so no other method is allowed.

Al for using the result in (b) to obtain 16c0s® @ =-2cos@ oe
B1 for stating that there is no solution for 8cos*@+1=0 oe eg 8cos'@+1=0 8cos'H+1>0

. / 1
or "ignore" but cosd = 2 _§ without comment gets B0

Al for 0 =% and 3?” and no more in the range. Must be in radians, can be in decimals (1.57...,

4.71... 3 sfor better)
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%ﬂ?ﬁggp Scheme Marks
7(a) y = At%e™
3—3: = 2te* +31t%* M1A1
d’y 3t 3t 3t 2,3t
3 =2/1e” +6Ate” +6Ate” +94t%e Al
226> +6.1te® +64te™ +91t%e* —124te® —18.4t%e* +94t%e™ = 6e™ M1dep
A=3 Alcso
()
NB. Candidates who give A =23 without all this working get 5/5 provided no
erroneous working is seen.
(b) m?>—-6m+9=0
(m-3)°"=0
¢k (y=) (A+Bt)e* M1AL
G.S. y=(A+Bt)e” +3t%™ Alft
@)
(c) t=0 y=5 = A=5 B1
dy 3t 3t 3t 2,3t
E:Be +3(A+Bt)e™ +6te” +9t% M1
d_y:4 4=B+15 M1ldep
dt
B=-11 Al
Solution:  y=(5-11t)e* +3t%™ Alft
(%)

13 Marks
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Notes for Question 7

Question 7a

M1 for differentiating y:/1t2e3t wrt t. Product rule must be used.

Al for correct differentiation ie 3—{ =21te™ + 31t%e™

2
Al for acorrect second differential ij]TZ =21 +6.4te® +61te® +94t%e™

M1dep for substituting their differentials in the equation and obtaining a numerical value for A4
Dependent on the first M mark.

Alcso for =3 (no incorrect working seen)

NB. Candidates who give A =3 without all this working get 5/5 provided no erroneous working is seen.
Candidates who attempt the differentiation should be marked on that. If they then go straightto A =3
without showing the substitution, give M1AL if differentiation correct and M1AO0 otherwise, as the solution is
incorrect. If A # 3 then the M mark is only available if the substitution is shown.

Question 7b

M1 for solving the 3 term quadratic auxiliary equation to obtain a value or values for m (usual rules for
solving a quadratic equation)

Al fortheCF (y=) (A+Bt)e*

A1lft for using their CF and their numerical value of A in the particular integral to obtain the general
solution y=(A+Bt)e™ +3t°¢®™ Musthavey = ... and rhs must be a function of t.

Question 7c

B1 for deducing that A=5

M1 for differentiating their GS to obtain ?j_i/ =... The product rule must be used.

M1ldep for using ((jj_)t/ =4 and their value for A in their Z—i/ to obtain an equation for B Dependent on the

previous M mark (of (c))
Alcaoand cso for B=-11

Alft for using their numerical values A and B in their GS from (b) to obtain the particular solution. Must
have y = ... and rhs must be a function of t.
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Question Scheme Marks
Number
g M1AL(limits
8 (a) A:(4><).[4—0052¢9d6’ for A mark
°2 only)
:18[sin20}4 ML
2 0
9[sinz—0}:9 Al
2
(4)
1
(b) r =3(cos26)>
1
rsing=3(cos26)zsiné M1
d ) 1 1 ) ) 1
E(rsln )= {—SXE(COS 20) 2 x 2sin 20sin 6 +3(c0s 262 cos@} M1depAl
. =3sin26sin@ L
At max/min: —1+3(c0329)2 cosd=0 M1
(cos20):
sin2@sin @ = cos 26cos @
Zsinzacose=(1—25in20)c059
c039(1—4sin29)=0
o, 1
(cosd=0) sin“f==
4
] 1 T
sin@=+— 0=+t— M1A1
2 6
1
? B1

rsin%:3(cos£j x%:ﬂ

3 4

.. length PS :¥, (length PQ = 6)
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%ﬂ?ﬁgg? Scheme Marks
M1,AL (9)
32
Shaded area = 6x I -9, =9\/§—9 oe
13 Marks
NOTES
Question 8a

M1 for A:%J' erG:%IaCOSZHdH with ¢ =3 0r9 4 or 2 and limits not needed for this mark -

ignore any shown.

1

Al for A= (4><) J-O“gcos 20d6 Correct limits (O%J with multiple 4 or (—%%) with multiple 2

needed. 4 or 2 may be omitted here, provided it is used later.

M1 for the integration C0S26 to become i(%)sin 20 Give MO for £2sin 26. Limits and 4 or 2 not

needed

Alcso for using the limits and 4 or 2 as appropriate to obtain 9

ALTERNATIVES ON FOLLOWING PAGES

PMT
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Notes for Question 8 Continued

Question 8b

1
M1 for rsing=3(cos26)zsiné or r’sin®@=9cos26sin’d 3 or 9 allowed

Mi1dep for differentiating the rhs of the above wrt . Product and chain rule must be used.

1 1
Al for d%(r sing) = {—3x%(cos 20) 2 x 2sin 20sin 6+ 3(c0s 26)2 cos 6?} or correct differentiation

of r?sin®@ =9cos26sin’
. . . d .
M1 for equating their expression for @(rsm ) 00

M1dep for solving the resulting equation to sink@ =... or coské@ =... incuding the use of the
appropriate trig formulae (must be correct formulae)

. 1 3 .
Al forsind== or C089=7 or Qz(i)% oe ignore extra answers

3V2

1 2
B1 for the length of E PS = T (1.0606...) or of PS May not be shown explicitly. Give this mark if the
correct area of the rectangle is shown. Length of PQ is not needed for this mark.

M1 for attempting the shaded area by their PS x6 —their answer to (a). There must be evidence of PS
being obtained using their &

Al for 9v2 -9 oe 3.7279...or awrt 3.73

ALTERNATIVES ON FOLLOWING PAGES
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Option 1 — using rsin@with/without manipulation of cos29 before differentiation

1

Use of 3(c0s26)2sin@

First M mark

3(cos 29)% cosé — 3(%)(003 29)‘% (2)sin26sing =0

3(cos 219)% cosd —3(cos 20)‘% sin20sin@ =0

Second (dependent) M mark for
differentiating using the product rule

Al awarded here for correct derivative
and M1 for setting their derivative equal
to0

3(cos 249)% —6(cos 29)% sin?6 =0

c0s20 —2sin* 0 =0

Use of sin26 = 2sin#cos @, division by
3cosé and multiplication by

1
(cos 26)z simplify the equation but do not
provide specific M marks

(L-2sin?)-2sin?6 =0

Use of c0s26 =1—2sin’ & gives next M
mark provided a value of sin@ or alt is

4sin’6 =1 reached with no errors seen
sing — + 1 Value of sin@ reached with use of
"2 €0s 26 =...and no method errors seen

(arithmetic slips would be condoned)
gives final M mark

Second accuracy mark given here.
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1

Use of 3(cos? 6 —sin? )2 sin 0

First M mark

Use of cos 26 = cos? @ —sin? @ gives 4th
M mark provided a value of siné or alt is
reached with no errors seen after the
differentiation

1

3&)@032 0 —sin® 0) 2 (- 2cos Osin & — 2sin O cos H)sin &

1
+3(cos? 0 —sin® 6)2 cos0 =0

1 1
—6(cos? 0 —sin? 0) 2 cos @sin’® 0+ 3(cos® @ —sin’ A)2 cosd =0

Second (dependent) M mark for
differentiating using the product rule

Al awarded here for correct derivative
and M1 for setting their derivative equal
to0

—6sin® 0 +3(cos? 6—sin? 6)=0

1
Multiplication by (cos2 6 —sin® 6’)5,

4sin?9 =1 division by 3cosé@ and use of
cos? @ =1-sin? @ simplify the equation
but do not provide specific M marks
sing = il Value of siné reached with use of
2 €0s26 = ...and no method errors seen

(arithmetic slips would be condoned)
gives final M mark

Second accuracy mark given here.
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1
Use of 3(2cos? @—1)2 sin @

First M mark

Use of c0s20 = 2cos? 6 —1gives 4th
M mark provided a value of sin& or
alt is reached with no errors seen after
the differentiation

1 1 T
3(§j(2 cos? 0—1) 2 (- 4cos@sin 6)sin 0+ 3(2cos® 6 —1)2 cos 6 = 0

1 1
—6(2c0s? 0-1) 2 cos@sin® 0+ 3(2cos? O —1)2 cosd =0

Second (dep) M mark for
differentiating using the product rule

Al awarded here for correct derivative
and M1 for setting their derivative
equalto 0

—6sin?0+3(2cos? 0 -1)=0

4sin?0=1or 4cos’ =3

1
Multiplication by (cos® @ —sin® @),
division by 3cosé and use of

sin® @ =1—cos’ @ or vice versa
simplify the equation but do not
provide specific M marks

3

sind = ii or COS@ =+—
2 2

Value of sin@ or cosé reached with
use of c0s26 =...and no method
errors seen (arithmetic slips would be
condoned) gives final M mark. Second
accuracy mark given here.
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1
Use of 3(1— 2sin? 9)5 sin@

First M mark

Use of c0s20 = 2cos? 6 —1gives 4th
M mark provided a value of siné or

alt is reached with no errors seen after
the differentiation

1 ! 1
3&)(1— 2sin? 0) 2 (~ 4cos @sin 6)sin 0 + 3(1— 2sin? 0)2 cos O = 0

1 1
—6(1—2sin? ) 2 cossin® @+ 3(1— 2sin” O)2 cosH = 0

Second (dependent) M mark for
differentiating using the product rule

Al awarded here for correct derivative
and M1 for setting their derivative
equalto 0

—6sin? 6 +3(L—2c0s 0)=0

4sin?0=1or 4cos’ =3

1
Multiplication by (cos® @ —sin® @),
division by 3cosé and use of

sin® @ =1—cos’ @ or vice versa
simplify the equation but do not
provide specific M marks

3

sind = ii or COS@ =+—
2 2

Value of sin@ or cos@ reached with
use of c0s268 =...and no method
errors seen (arithmetic slips would be
condoned) gives final M mark. Second
A mark given here.
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Option 2 — using r?sin? @ with/without manipulation of

cos 26 before differentiation

Use of 9cos2dsin? 0

First M mark even if they have a slip on
the 9 and use 3 but must be sin’ 6

—9(2)sin 20sin’ @ +9(2)cos 2@sin dcos @ = 0

Second (dependent) M mark for
differentiating using the product rule

Al awarded here for correct derivative
and M1 for setting their derivative equal
to0

—2sin?0+c0s20=0

or —sin26sin @ +cos20cosd = 0 leading
to—2sin® @ +c0s26 =0 or cos36 =1 (compound angle formula)

Division by 9sin 26 or 18sin#and use of
sin26 = 2sindcos @ followed by
division by cosé will simplify the
equation but not provide specific M marks

—2sin?0+1-2sin°9=0

4sin?0=1

Use of cos 2@ =1-2sin? @ gives next M
mark provided a value of siné or alt is
reached with no errors seen

sind = i% or 30 = 27 (from c0s30 =1)

Value of sin@ or alt reached with use of
€0S26 =....and no method errors seen

(arithmetic slips would be condoned)
gives final M mark

Second accuracy mark given here.
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Use of 9(cos? 6—sin? §)sin? 0

Could be expanded out to9cos® sin? @ —9sin* @ before
differentiation in which case the derivative is immediately given

by

—18cos@sin® @ +18cos® Asin @ — 36sin® O cos &

First M mark even if they have a slip on the 9
and use 3 but must be sin® @

Use of cos20 = 2cos® 8 —1gives 4th M
mark provided a value of sin@ or alt is
reached with no errors seen after the
differentiation

9(— 2cosBsin 6 — 2sin O cos )sin? 6 +9(cos? 6 —sin® O 2sin @

—365in° 0cos 0 +18(cos® @ —sin’ O)sin Hcos 6 = 0
—36c0s@sin’® @ +18cos® @sin @ —18sin* @cosH =0

Second (dependent) M mark for
differentiating using the product rule

Al awarded here for correct derivative and
M1 for setting their derivative equal to 0

18cos® @sin @ —54sin°* Hcosd =0
cos?@-3sin?6=0

1-4sin@=0or 4cos’°9—-3=0

Division by 18cosésin @ and use of

sin? @ =1—cos’ @ or vice versa will
simplify the equation but not provide specific
M marks

NG

sind = il or cOS@ =+—
2 2

Value of sin@ or cos @ reached with use of
€0s26 =...and no method errors seen

(arithmetic slips would be condoned) gives
final M mark

Second accuracy mark given here.
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Use of 9(20082 49—1)sin2 0

Could be expanded out to18cos? @sin® @ —9sin? @ before
differentiation in which case the derivative is immediately given
by

—36co0s@sin® @ +36cos® &sin @ —18sin & cos &

First M mark even if they have a slip on the 9
and use 3 but must be sin® @

Use of cos20 = 2cos® 8 —1gives 4th M
mark provided a value of sin@ or alt is
reached with no errors seen after the
differentiation

9(— 4cosBsin §)sin? 6+ 9(2cos? 6 —12sin fcos 6 = 0

—36sin®@cosd +36cos® Hsin @ —18sin @cosd =0

Second (dependent) M mark for
differentiating using the product rule

Al awarded here for correct derivative and
M1 for setting their derivative equal to 0

—2sin?0+2cos?0-1=0

200520 =1 or1-4sin?0 =0 or 4c0s*0-3=0

Division by 18cosésin @ and use of

sin? @ =1—cos’ @or vice versa will
simplify the equation but not provide specific
M marks

It is also possible to use
cos® @ —sin’® @ = cos 20 here

sind = ii or COS@ = iﬁor c0s 20 =1
2 2 2

value of sin@ or alt reached with use of
€0s26 = ... and no method errors seen

(arithmetic slips would be condoned) gives
final M mark

Second accuracy mark given here.
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Use of 9(1—2sin® )sin? 6

Could be expanded out to9sin® @ —18sin* @ before differentiation in which
case the derivative is immediately given by

18sin @ cos @ — 72 cos@sin® O

First M mark even if they have a
slip on the 9 and use 3 but must

be sin’ @

Use of

c0s 26 = 2¢0s® @ —1gives 4th
M mark provided a value of
sin@ or alt is reached with no
errors seen after the
differentiation

9(— 4cos @sin 0)sin® 6+ 9(L— 2sin? ORsin Hcos O =0

—36sin® #cosd —36sin® @cosd +18sinGcosd =0

Second (dependent) M mark for
differentiating using the product
rule

Al awarded here for correct
derivative and M1 for setting
their derivative equal to 0

1-4sin?0=0

Division by 18cos@dsin 8 will
simplify the equation but not
provide specific M marks

sind = ii or COSH = iﬁor cos 26 =l
2 2 2

Value of sin@ or alt reached

with use of €0826 = ... and no
method errors seen (arithmetic
slips would be condoned) gives
final M mark

Second accuracy mark given
here.
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1
Using the factor formulae after differentiating 3(cos 26)z sin @ :
1
M1 awarded for using 3(cos 26)z sin @
1 L . . 1
3&)(003 260) 2(~ 2sin 20)sin 6 + 3(cos 26)z cos & = 0

M1A1 awarded for correct differentiation using product and chain rule

M1 for setting derivative equal to zero

1
Multiplication by (cos 249)5 and division by 3 gives

cos26cosf —sin28sin@ =0
cos30=0

dM1 mark can now be awarded for using correct trigonometric formulae to reduce the equation to coské = ... but

the A mark requires cosé =...or 0 :%

=2

2
o="
6

The A1 mark can now be awarded
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General Marking Guidance

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

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

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

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

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

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

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

PMT
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EDEXCEL GCE MATHEMATICS

General Instructions for Marking

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

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

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

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

Marks should not be subdivided.

. Abbreviations

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

bod — benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao — correct answer only

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

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

% The answer is printed on the paper

|: The second mark is dependent on gaining the first mark

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

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

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

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

Ignore wrong working or incorrect statements following a correct answer.

In some instances, the mark distributions (e.g. M1, B1 and Al) printed on the
candidate’s response may differ from the final mark scheme
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General Principles for Pure Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).

Method mark for solving 3 term quadratic:
1. Factorisation

(x* +bx+c) = (x+ p)(x+q), where | 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 c).

3. Completing the square

2
Solving x> +bx+c=0: (xigj +g+c, =0, leadingtox=...

Method marks for differentiation and integration:
1. Differentiation

Power of at least one term decreased by 1. (X" = Xn71)

2. Integration
Power of at least one term increased by 1. (X' — XM)

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.

PMT
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Question Scheme Marks
Number
1.
2 A B 1 1 M1.A1
@ "ol 7 |
(2r+1)(2r+3) 2r+1 2r+3 =~ 2r+1 2r+3 2)

1111 1 1
(b) SoCyZoZh -
355 7 "2n+l 2n+3

1 1 2n+3-3

"3 2n+3 3(2n+3) M1
Z”: 3 _3,.2n _.n M1depAl
~(2r+1)(2r+3) 2 3(2n+3) 2n+3 )

[5]

Notes for Question 1

(a)
M1 for any valid attempt to obtain the PFs

1 1

Al for —
2r+1 2r+3

NB With no working shown award M1AL1 if the correct PFs are written down, but MOAO if either
one is incorrect
(b)

M1 for using their PFs to split each of the terms of the sum or of Z(Zr 1)2(2r 3) into 2 PFs.
+ +

At least 2 terms at the start and 1 at the end needed to show the diagonal cancellation resulting
in two remaining terms.

M1ldep for simplifying to a single fraction and multiplying it by the appropriate constant

Alcao for ) = 2nn 3
+

NB: If r is used instead of n (including for the answer), only M marks are available.




PhysicsAndMathsTutor.com

Qe
2
(@) z=5+v/3-5i=r(cos@+isin9)
r=+v(5"x3+5)=10 B1 (1)
5 /4 V4
argz =arctan| —-— |=—— or ——=x2n
(b) 9 ( c ¢3j 5 ( 5 ﬂj M1AL (2
w 2 1
—|=—==0r0.2
© z| 10 5 51 @)
w) 7 Vs 57 5t
ang| —|=——| % | == or —=£2n '
(d) g(zj 2 ( 6) 1 ( B ﬂ] MLAL (2

[6]
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Notes for Question 2

(@)

B1 for|z|=10 no working needed

(b)
5 5 53
M1 for argz = arctan| +—— |, tan(argz)=+—=, argz =arctan| +—— | or
) (WBJ (@rgz)= %575 @10 (5}

tan(argz) :J_r? OR use their |z| with sin or cos used correctly

Al  for = —% (or —%i Znﬁj (must be 4th quadrant)

()
Bl for

(d)
M1  for arg (ﬂJ :%—arg Z using their arg z
z

Al for5—ﬂ (or S—EiZnﬂj

12 12
Alternative for (d):
V6 -+/2)+(V6 +42)i
Find w_| )2(5 )
z

M1 from their w

N :

arg—
z

tan( Wj J6+2

arg w :S—ﬁ Al cao
z 12

Work for (c) and (d) may be seen together — give B and A marks only if modulus and argument are
clearly identified

ie 1 cos5—”+isin5—” alone scores BOM1A0
5 12 12
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Question

Number Scheme Marks
2
3 (x=0) 3¥:sin0—4x%:—2 B1
X
3
%+43—§—cosx(:0) M1
3
(x=0) %=0030—4x%=% Al
_ dy) x*(d’y) x*(d% M1 (2! or 2
(y_)y0+X(d_XjO+E(W 0+§ W 0+ and 3! or6)
1 x? 1
=)=+ XX=+—Xx(-2)+—x=
(y )2 8 2 ( ) 2
1 x5 X_S Alcao [5]
y 2 8 12
Alt:
y:%+g+ax2+bx3+... B1
M1
y" =2a+6bx+... Diff twice
Al Correct

2a+6bX +...=sin x—(%+§+ax2 +bx3...j

2a+2=0 a=-1

differentiation
and equation
used

M1

Alcao

PMT
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Notes for Question 3

d’y
B1 for | — | =-2 wherever seen
dx* ),
3
M1 for attempting the differentiation of the given equation. To obtain Z—Zi kd_yi cosx(=0) oe
X X
3
Al for substituting x =0 to obtain d_;3/ =l
dx* ), 2
2 3

M1 for using the expansion [ y =f (x)]=f(0)+xf'(0)+ X f7(0) +%f’”(0) with their values
3 2

2(Y)
3—Z and 3—2’ Factorial can be omitted in the x* term but must be shown explicitly in the
X X

x® term or implied by further working eg using 6.

for

3
Alcao for y =%+g— x? +i(—2 (Ignore any higher powers included) Exact decimals

allowed. Must includey =....

Alternative:

B1 for y:%+§+ax2 +bx® +...

M1 for differentiating this twice to get y” =2a+6bx +.... (may not be completely correct)

Al for correct differentiation and using the given equation and the expansion of

3
sin x to get 2a+6bx+....= x—x—+... —4(1+5+..)
3 2 8

M1 for equating coefficients to obtain a value for a or b

3
Alcao for y= %+§— x? +i(—2 (Ignore any higher powers included)

PMT
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%ﬂ?ﬁgg? Scheme Marks
4
(a) Assume true for n=k: z* =r"(coskg+isinko)
n=k+1: z'=(z"xz=)r*(coskd+isink@)xr(cosd+isino) M1
= r*(cosk@cos @ —sink@sin 6 +i(sinkd cos @ +cosk@sin 6)) M1
=r*(cos(k +1)@+isin(k +1)0) M1depAlcso

o _iftrueforn=k, also true forn=k +1

k=1 z'=r'(cos@+ising); Trueforn=1 . trueforalln | Alcso  (5)

Alternative:  See notes for use of re' form
37 .. 3x

b w=23| cOS—+1Sih—

(b) ( 2 2 )

w’ :35(c05157”+isin157”J M1

Al ()

[7]

- 1 1. | _243V2 243V2
W—243(%—%Ij {— > > I or} oe
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Notes for Question 4

(a)

NB: Allow each mark if n, n + 1 used instead of k, k + 1

M1 for using the result for n=k to write z**(=z xz) = r (cosk@ +isink@) x r(cos @ +isin 0

M1 for multiplying out and collecting real and imaginary parts, using i* = -1
OR using sum of arguments and product of moduli to get r***(cos(k& +8) +isin (k& + 6))

M1ldep for using the addition formulae to obtain single cos and sin terms
OR factorise the argument r**(cos@ (k +1)+isin@(k +1))

Dependent on the second M mark.
Alcso for r* (cos(k +1)6 +isin(k +1)<9) Only give this mark if all previous steps are

fully correct.

Alcso  All 5 underlined statements must be seen

Alternative: Using Euler's form

7= r(cos@+ isin 9) =re' M1 May not be seen explicitly
N . . .
Zk+1:Zsz:(re|9) xre'? =k el y 1ol M1
— ki gilke1)o M1dep on 2" M mark
=r"+l(cos(k+1)0+isin(k +1)6’) Alcso
k=1 z'=r'(cos@+isino)
True for n =1 .. true for all n etc Al cso All 5 underlined statements must be
seen

(b)
M1 for attempting to apply de Moivre to w or attempting to expand w® and collecting real and
imaginary parts, but no need to simplify these.

Alcao for 243( t 1 j {: 243V2 243v/2.

NERVEL > 5 } (oe eg 3 instead of 243)
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%ﬂ?ﬁgg? Scheme Marks
5
dy v
a —+2==4X M1
@ dx X
jgdx
IF: e =e™™ =(X) M1
x? d—+ 2xy = 4x° Mildep
dx
yx? = I4x3dx =x"(+c) M1dep
, C
y=X +7 Alcso (5)
(b) x=1y=5=c=4 M1
, 4
y=X +7 Alft 2
dy 8
c —=2X——
© dx X
j—yzo X'=4, x=+J2 or +¥4 M1 A1
X
4
y=2 +§ =4 Alcao
Alt: Complete square ony = ... or use the original differential M1
equation
X=12, y=4 Al,Al
B1 shape
B1 turning
points shown
somewhere
()

(—v2.4) (v2,4)

[12]
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Notes for Question 5

()
M1 for dividing the given equation by x May be implied by subsequent work.

J;dx _ A2Inx

2 . . . .
M1 forIF= e’ * =e”™ =(x*) j—dx must be seen together with an attempt at integrating this.
X
In x must be seen in the integrated function.

M1ldep for multiplying the equation %+2X =4x by their IF dep on 2nd M mark
X X

M1ldep for attempting the integration of the resulting equation - constant not needed. Dep on 2nd
and 3rd M marks

C
2 2 4
Alcso for y=x +F oe eg yX“=x+c¢C

Alternative: for first three marks: Multiply given equation by x to get straight to the third line. All 3
M marks should be given.

(b)

M1 forusing x=1, y=5 in their expression for y to obtain a value for ¢

Alft  for y=x° +i2 follow through their result from (a)
X

(©)

M1 for differentiating their result from (b), equating to 0 and solving for x

Al for x=+2 (no follow through) or +4/4 No extra real values allowed but ignore any
imaginary roots shown.

Alcao for using the particular solution to obtain y = 4. No extra values allowed.

Alternatives for these 3 marks:
%y
dx
particular solution to obtain an equation in one variable

M1 for making —= =0 in the given differential equation to get y = 2x* and using this with their

2
OR complete the square on their particular solution to get y = (x+gj —4
X
Al for x=+2 (no follow through)

Alcao for y=4 No extra values allowed

B1 for the correct shape - must have two minimum points and two branches, both asymptotic to
the y-axis

B1 for a fully correct sketch with the coordinates of the minimum points shown somewhere on or
beside the sketch. Decimals accepted here.
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Question

Nurmber Scheme Marks
6
(a) 2x* +6x—-5=5-2x M1
2x* +8x-10=0
X’ +4x-5=0
(x+5)(x-1)=0 or by formula M1
X=-5 Xx=1 Al
—2X* —6X+5=5-2x M1
2x*+4x=0 Al
Xx=0 x=-2 Al (6)
B1 line
A
B1 quad
curve
B1ft (on x-
(b) coords from
@) (O
5 2 0 1 x
(c) X<-5 —-2<x<0, x>1 B1,B1,B1 (3)
Special case: Deduct the last B mark earnedl if < or > used [12]

PMT
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Notes for Question 6

(@)NB: Marks for (a) can only be awarded for work shown in (a):

M1

M1 for obtaining a 3 term quadratic and attempting to solve by factorising, formula or completing

Al

M1

Al

Al

NB: The question demands that algebra is used, so solutions which do not show how the roots have

for 2x* +6x—-5=5-2x

the square

for x=-5, x=1
for considering the part of the quadratic that needs to be reflected ie for —2x*> —6x+5=5-2x

oe
for a correct 2 term quadratic, terms in any order 2x°+4x=0 oe

for x=0 x=-2

been obtained will score very few if any marks, depending on what is written on the page.

Alternative: Squaring both sides:

M1
M1
Al
M1
Al
Al

(b)
B1

Bl

B1ft

Square both sides and simplify to a quartic expression
Take out the common factor x

X, a correct linear factor and a correct quadratic factor
x and 3 linear factors

any two of the required values

all 4 values correct

for a line drawn, with negative gradient, crossing the positive y-axis

for the quadratic curve, with part reflected and the correct shape. It should cross the y-axis at
the same point as the line and be pointed where it meets the x-axis (ie not U-shaped like a
turning point)

for showing the x coordinates of the points where the line crosses the curve. They can be
shown on the x-axis as in the MS (accept O for 0) or written alongside the points as long as it
is clear the numbers are the x coordinates
The line should cross the curve at all the crossing points found and no others for this mark to
be given.

(c)NB: No follow through for these marks

Bl

Bl

Bl

forany oneof x<-5 —-2<x<0, x>1 correct

for a second one of these correct

for the third one correct

Special case: if < or > isused, deduct the last B mark earned.
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Question

Nurmber Scheme Marks
7
y dv
—=V+X— M1
@) dx dx
2 2
dy dv dv  dv M1A1
dx* dx dx  dx’
dv  d* dv
AX?| 2—+ X— |=8X| V+ Xx— |+(8+4x* )xxv=x"
( dx dxzj ( dx} ( )x M1
2
4x° d—\2/+4x3v =x' M1
dx
2
4d—\2/+4v=x * Al (6)
dx
See end for an alternative for (a)
(b) 42 +4=0
A2=-1 oe M1Al
(v=)Ccosx+ Dsinx (or (v=)Ae™+Be™) Al
Pl Try v=kx (+)
2
Yoy vy M1
dx dx
4x0+4(kx (+1))=x M1dep
1
k== (1=0
. (1-9)
H 1 iX —ix 1
v:Ccosx+DS|nx+Zx [orv:Ae +Be +Zx) Al (6)
. 1 ix —ix 1
(c) y =X Ccosx+Dsmx+Zx or y=Xx| Ae"+Be +ZX B1ft (1)
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Question 7 continued

Alternative for (a):

v=J

X

av_dy 1 .1

dx dx x x?
dv d’y 1 dy 1 dy 1 1
2V Ay s s Y T i oyx—
o ¢ X dX X dx X y><x3
2 2
x3j\;:x2%—2x%+2y
X X X
2 2
4x3d—\2/+4x3v:4x2d—z/—8xd—y+8y+4x2y:x4
dx dx dx

2
4d—\2/+4v:x *
dx

M1

M1A1l

M1

M1

Al

PMT
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Notes for Question 7

()

M1 for attempting to differentiate y = xv to get g_y - product rule must be used
X

2

d7y

ax?

dy

M1 for differentiating their i to obtain an expression for - product rule must be used
X

2 2
Al for d—32/:%+y+ xd—\zl
dx® dx dx dx

2
M1 for substituting their j_y and 3—2’ and y = Xxv in the original equation to obtain a differential
X X

equation in v and x

M1 for collecting the terms to have at most a 4 term equation - 4 terms only if a previous error

causes % to be included, otherwise 3 terms
X

2

Alcao and cso for 43—\2/+ av=x *
X

Alternative: (see end of mark scheme)

M1 for writing v = Y and attempting to differentiate by quotient or product rule to get %
X X

2
M1 for differentiating their % to obtain an expression for % - product or quotient rule must
X X

be used
dv d’y 1 dy 1 dy 1 1
Al for —=—2x=—Ix - -—Lx—4+2yx—
x? dxzxx dxxx2 dxxx2 y><x3

2

M1 for multiplying their j—\zl by x3
X

M1 for multiplying by 4 and adding 4x*y to each side and equating to x* (as rhs is now identical
to the original equation.

dv
Alcao and cso for 4d—2+ 4v = X
X

(b)

M1 for forming the auxiliary equation and attempting to solve

Al for A*=-1 oe
Al for the complementary function in either form. Award for a correct CF even if A =i only is
shown.
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Notes for Question 7 continued

M1 fortrying one of v=kx, k=1 or v=kx+I and v=mx*+kx+1 asa Pl and obtaining

dv d?v
— and —
dx dx

2

M1dep for substituting their differentials in the equation 43—\2/+ 4v = x . Award MO if the
X

original equation is used. Dep on 2nd M mark of (b)

Alcao for obtaining the correct result (either form)

()
B1ft for reversing the substitution to get y = X(C cosx+ Dsin x+% x]

(or y= x(AeiX +Be™ +%XD follow through their answer to (b)
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Question Scheme Marks
Number
8(@) | (y=)rsind=asin20sing M1
(:—é=ja(200526’sin0+sin20cos€) M1depAl
dy . 2
(— =j2asm¢9(00529+cos 9) M1
de
AtP d—y=0:> sin@=0 (n/a) or 2cos’0—1+cos’ & =0 M1 sin6=0
do not needed
3cos’ =1
1 % Alcso
cosﬁz\/—
3 (6)
(b) r =asin 26 =2asin#cosé
r=2a [1—1)\/1:%@ M1A1l (2)
3/\V3 3
€ | Area= .[@rzde:iazrjsinzwde M1
02 2 0
~L2["L(1-cos4)do M1
2 02
1,/ 1. 7
==3a? 0——sm4¢9} M1A1
47| 4 .
:%a2 ¢—%(4sin¢cos¢(20052¢—1))} M1dep on 2™
- M mark
1, 1 \/5 \/I (2 j M1 dep (all
=—a“|arccos| — |—| ,|=%x.,|=x| =—-1
4 { (\/éj ( 37 V3 (3 Ms)
1, 1 *
— a?| 9arccos| —— |+~/2 Al 7
| Jaeo J 0

[15]
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Notes for Question 8

(a)
M1 for obtaining the y coordinate y =rsiné = asin 26sin
M1ldep for attempting the differentiation to obtain g—é Product rule and/or chain rule must

be used; sin to become +cos ( cos to become #sin). The 2 may be omitted. Dependent on the
first M mark.

Al for correct differentiation eg (% = a(2cos 20sin @ +sin 20 cos 6?) oe
M1 for using sin26 =2sin@dcosé anywhere in their solution to (a)
M1 for setting g—éz 0 and getting a quadratic factor with no sin”@ included.

Alternative: Obtain a quadratic in sind ortand and complete to cosé = later.

Alcso for cose=i or cos¢=i *
V3 V3
Question 8 (a) Variations you may see:
= rsind = asin20sind
y = asin20sinf y = 2asin’0cosd y = 2a(cosf — cos°0)
dy/d6 = a(2c0s26sinf + sin26cosb) | dy/dO = 2a(2sinBcos’H — dy/df = 2a(-sin® +3sinfcos’e)
= a(2c0s20sin0 + 2sinfcos’0) sin%0) = 2asin(3cos?0 -1)
= 2asin0(00829 + COSZQ) — ZaSine(ZCOSZG _
= 2asin(3c0s0 -1) sin’0)
or = 2asinf(2cos’0 — sin’0)
or = 2asinf(2 — 3sin°0)
AtP:dy/d6=0=>sin6=0 or:
2c0s°0 —sin’9 = 0 3c0s’9—1=0 2-3sin9=0
tan’e = 2 cos’0 = 1/3 sin’ = 2/3
taneziﬁ =>cose=iri c:osezii Sin9=i£=iﬁ=>cosezii
V3 V3 3 3 NE]
(b)
M1 for using sin 26 = 2sin@cos@, cos’ @ +sin* @ =1 and cos ¢ :% in r=asin20 to obtain a

numerical multiple of a for R. Need not be simplified.

2

Alcao for R=2a?

Can be done on a calculator. Completely correct answer with no working scores 2/2; incorrect
answer with no working scores 0/2
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Notes for Question 8 continued

(©)
. 1 , 1 .00 ., -
M1 for using the area formula J.Ozr dH:Ea IO sin“260dé Limits not needed

M1 for preparing J' sin®2@d@ for integration by using cos2x =1-2sin” x

M1 for attempting the integration: cos4é to become *sin4é - the % may be missing but

inclusion of 4 implies differentiation - and the constant to become k& . Limits not needed.
Al for = %az [9 —%sin 49} Limits not needed

M1ldep for changing their integrated function to an expression in sin& and cosé and substituting
limits 0 and ¢ . Dependent on the second M mark of (c)

M1dep for a numerical multiple of a* for the area. Dependent on all previous M marks of (c)
1 1 *

Alcso for —a?| 9arccos| —— [++/2
36 { (@ j }

This is a given answer, so check carefully that it can be obtained from the previous step in
their working.

Also: The final 3 marks can only be awarded if the working is shown ie sin46 cannot be obtained
by calculator.
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