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1.

(a) Use algebra to find the set of values of x for which

12
x+3

x+2>

(b) Hence, or otherwise, find the set of values of x for which

x+2>i
|x+3|

(6)

(1)

Leave )
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Question
Number Scheme Marks
1
X+3)(x+2)-12
@ | (x+2)(x+3)"-12(x+3)=0 OR (+8)(x+2)-12 M1
(x+3)
(x+3)(x2+5x—6):0 (x+3)(x+6)(x-1)=0
CVs. -3 -6,1 B1,A1Al
-6<x<-3 x>1 dM1A1
OR: xe(-6,-3)uU(Lx) (6)
(b) x>1 B1 (1)
[7]
(a)
M1 Mult through by (x+3)2 and collect on one side or use any other valid method (NOT
calculator)
X+3)(x+2)-12
Eg work from ( * )( - ) >0
(x+3)
NB: Multiplying by (x+3) is not a valid method unless the two cases x >3 and x <3
are considered separately or —3 stated to be a cv
Bl for -3 seen anywhere
A1Al1  other cvs (AL1AO if only one correct)
obtaining inequalities using their critical values and no other numbers. Award if one
dM1 . . . .
correct inequality seen or any valid method eg sketch graph or number line seen
Al correct inequalities and no extras. Use of ... or ,, scores A0. May be written in set

(b) Bl

notation.

No marks for candidates who draw a sketch graph and follow with the cvs without any
algebra shown. Those who use some algebra after their graph may gain marks as

earned (possibly all)

correct answer only shown. Allow x .. 1if already penalised in (a)
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2. .
z =2+ (2V3)i

(a) Find the modulus and the argument of z.

Using de Moivre’s theorem,

(b) find z°, simplifying your answer,

(c) find the values of w such that w* = z3, giving your answers in the form
a+1ib where a, b e R.

3)

2)

“4)

— N 0
P 4 4 8 3.1 A 0 6 3 2
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2@ ||z=4 B1
arg z =arctan (_22\@} = arctan (—x/§ ) = 2?7[ or 120° M1Al1 (3)
2 272 \\ EAY
(b) z° =(4(cos?ﬂ+isin ?ED =4°(cos4r +isindr) or 2° = [4e 3 J M1
= 4096 or 4° or 2*2 Alcso  (2)
(a) and (b) can be marked together
3
3 3 2 3
(©) 74 =44 ((:032—7[+isin2—7[)4 =4* (cos£+isin£j
3 3 2 2
w=i2\2 oe or any other correct root Bl
3 3
= 4
44 (cos(z—”+2nnj+isin(2—ﬂ+2nﬁD M1
3 3
(n=0 see above)
n=1 W:Z\/E oe
n=2 w= —izﬁ oe
n=3 w=-2J2 oe AlAL (4)
[9]
(@) B1  Correct modulus seen Must be 4
M1 Attempt arg using arctan, nos either way up. Must include minus sign or other
consideration of quadrant. (arg = % scores MO)
Al 2?” or 120° Correct answer only seen, award M1A1
(b) M1 apply de Moivre
Alcso 4096 or 4° Must have been obtained with the correct argument for z
(c) BL  For w=i2+2 or any single correct root (0 or Oi may be included in all roots) in any
Form including polar
M1 Applying de Moivre and use a correct method to attempt 2 or 3 further roots
AlAl  For the other roots (3 correct scores A1A1; 2 correct scores Al)
Accept eg 2+/2,/8, 2.83, 64, 4, 4096°  Decimals must be 3 sf min.
ALT1 ’=64=w'=>w= (1)2\/5 (£ not needed) Bl
for (c):  Use rotational symmetry to find other 2/3 roots M1
Remaining roots as above AlAl
ALT2: 1z'=64 z*=18
7=42J2 z=+J-8=4i2\2

B1 any one correct, M1 attempt remaining 2/3 roots; A1Al as above
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3. Find, in the form y = f(x), the general solution of the differential equation
dy T
tanx — +y=3cos2xtanx, 0 < x <
dx 2
(6)
& J

— R OO 00 A
P 4 4 8 3.1 A 0 1 0 3 2
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d

3 & + Y 3C0s2X
dx tanx
j cotxdx=Insinx|, IF =sinx M1
dy

sin xd—+ y COS X = 3C0S 2XSin X
X
ysinx:j 3cos 2xsin xdx M1A1l

ysin x =j 3(20052 x—1)sin xdx | ysinx =gj. (sin3x—sin x)dx

ysinx = 3{—%%33 X +COS x}(+c) ysinx = g[—%cos@x +c0s x}(+c) dM1A1

_ 3c0sX—2€0s° X+C' 0e y_—3c053x+3005x+c' Bift [6]
sin x 2sin x (Al one-PEN)

M1

M1
Al
dMm1

Al
B1ft

Divide by tan and attempt IF &/“** or equivalent needed

Multiply through by IF and integrate LHS

correct so far

dep (on previous M mark) integrate RHS using double angle or factor formula

] ] ] 1. . 1
k cos? xsin x — +cos® X, ksin® xcos x — ksin® x, cos3x — iésm 3X, sin3x — i50053x

All correct so far constant not needed
obtain answer in formy = ... any equivalent form Constant must be included and dealt
with correctly. Award if correctly obtained from the previous line

Alternatives for integrating the RHS:
(i) By parts: Needs 2 applications of parts or one application followed by a trig method.
Give M1 only if method is complete and Al for a correct result.

(i) ysinx= [ 3(1—2sin’x)sinxdx = | 3sinx—6sin’xdx
Then use sin3x =3sin x—4sin®x to get ysin x =I g(sin 3x—sinx)dx and integration

shown above - both steps needed for M1

ALTERNATIVE: Mult through by cos x
sinxj—y+ Yy COS X = 3C0S2XSin X M1
X
ysinx:j 3cos2xsin xdx M1A1l
Rest as main scheme
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4.

(a) Show that
rA(r+ 172 —(r—1)7>r2=4s°
. d 1
Given that =— +1
; r 2n(n )
(b) use the identity in (a) and the method of differences to show that

(B+22+33+. . +n)=10+2+3+...+n)

A3)

“4)

Leave )
blank

P 4 4 8 31 A 0 1 2 3 2
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(a) r?(r’+2r+1)—(r* = 2r+1)r’ M1 Al

=r' 4200+’ —rt 420 —r? or r*(r’+2r+1-r’+2r-1)

_4  * Al (3)
(b) (i4r3=] (1x22=0)+ (27 x 3 —1°x 2% ) + (3 x4° - 2° xF)... M1
1
+(n2><(n+1)2—(n—1)2><n2)
=n?(n+1)’ Al
Zn:r3=%”2(”+1)2 Al
1

So (13 +2°43° +....+n3) =(1+2+3..+ n)2 * '(Al‘gllcz(;] e(-AI;)EI[\|7)]

(a) M1 Multiply out brackets May remove common factor r* first

Al a correct statement
Al fully correct solution which must include at least one intermediate line
ALT: Use difference of 2 squares:
M1 remove common factor and apply diff of 2 squares to rest
Al r?(r+1+r-1)(r+1-(r-1))
=r?(2rx2)
Al = 4r3

(b) M1 Use result to write out a list of terms; sufficient to show cancelling needed

Minimum 2 at start and 1 at end Z4r3 or Zr3 need not be shown here or for next
1 1

mark
Al Correctly extracting n’(n +1)2 as the only remaining non-zero term.

Al Obtaining > r® =%n2 (n+1)’
1
Alcso  (Shown Bl one-PEN) for deducing the required result.

Working from either side can gain full marks

Working from both sides can gain full marks provided the working joins correctly in
the middle.

If r used instead of n, penalise the final A mark.



Summer 2015 www.mystudybro.com Mathematics FP2

e Past Paper This resource was created and owned by Pearson Edexcel
(

6668

5. A transformation 7 from the z-plane to the w-plane is given by

w= = -, z#-31
z+ 31

The circle with equation |z| = 2 is mapped by 7 onto the curve C.
(a) (1) Show that C is a circle.

(i) Find the centre and radius of C.
®)

The region |z| < 2 in the z-plane is mapped by T onto the region R in the w-plane.

(b) Shade the region R on an Argand diagram.
2

Leave )
blank

— NN R0
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z
5(@a W= .
@ z+3i
w(z+3i)=z z= SwW - W M1A1
1-w w-1
3iw
7=2 ‘_ _2 dM1
1-w
3iw] = 2[1-w]
W=U+iv 9(u2+v2)=4((1—u)2+v2) ddM1A1
9u” +9v? = 4(1-2u+u” +v*)
(i) 5u° +5v* +8u—4=0 dddm1
( 4}2 , 36
U+—| +vi=—
5 25
. . 4 .6 : .

(i) So acircle, Centre —g,o Radius c (oe fractions or decimals) | A1A1 8)
Circle drawn on an Argand diagram in correct position ft their centre

(b) : B1ft
and radius
Region inside correct circle shaded no ft Bl (2)

[10]
(@) M1 re-arrangetoz = ....
Al correct result
dM1  dep (on first M1) using |z|=2 with their previous result
ddM1  dep (on both previous M marks) use w=u+iv (oreg w= x+iy) and find the moduli.
Moduli to contain no is and must be +. Allow 9 or 3 and 4 or 2
Al for a correct equation in u and v or any other pair of variables
dep (on all previous M marks) re-arrange to the form of the equation of a circle (same
dddM1
coeffs for the squared terms
ALA1 deduce circle and give correct centre and radius. Completion of square may not be
shown. Deduct 1 for each error or omission. (Enter A1AO on e-PEN)
Special Case: If z= 3'—Wl obtained, give M1AO0 but all other marks can be awarded.
W_
(b) Mark diagram only - ignore any working shown.

B1ft No numbers needed but circle must be in the correct region (or on the correct axis) for
their centre and the centre and radius must be consistent (ie check how the circle
crosses the axes) BO if the equation in (a) is not an equation of a circle.

Bl Region inside the correct circle shaded. (no ft here)

Mathematics FP2
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ALTERNATIVE for 5(a):

Let z=x+1y
Xy

x+i(y+3)
(x+iy)(x—=i(y+3))

= , . M1

(x+i(y+3))(x=i(y+3))
2 2 i

=x2+y2+3y 3ix Al
X“+y +6y+9

3y + 4_3iX 2 2

_ as |z|=2=>x"+y =4
6y+13 | | Y M1

. 3y+4 —3X
W=U+iv SO U= =
6y+13 6y+13 ddM1 AL

: 3(6y+13 s

Using u = 2 (6y )— 2

6y+13 6y+13
U242 = 9y? +24y +16+9x° _24y+52 4
(6y+13)° (6y+13)° 6y+13

8(1

=—=|=-u dddMm1
)

- 5u% +5v2 +8u =4

Then as main scheme:

Circle, centre, radius AlAl (8)

M1 Rationalise the denominator - must use conjugate of the denominator
Al Expand brackets and obtain correct numerator and denominator
dMm1 Use x*+y® =4 in their expression to remove the squares
ddM1  Equating real and imaginary parts
Al Correct expressions for u and v in terms of x and y
dddM1  Uses u®+v? =...to eliminate x and y and obtain an equation of the circle

AlAl

As main scheme
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6.
A
C
R
0O 6a » Initial line

Figure 1

The curve C, shown in Figure 1, has polar equation

r=3a(l+cost), 0<O<rm

The tangent to C at the point 4 is parallel to the initial line.

(a) Find the polar coordinates of A.
(6

The finite region R, shown shaded in Figure 1, is bounded by the curve C, the initial line
and the line OA4.

(b) Use calculus to find the area of the shaded region R, giving your answer in the

form a ( pr + (I\/§ ), where p and ¢ are rational numbers.

S))

— NN R AR
P 4 4 8 31 A 0 2 0 3 2
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6 (a) rsin@ =3asin @+ 3asin &cos R 3asin0+gasin 20 | M1
d(rsing .
%:SacosaJﬁacosze—Basmze 3acosd+3acos260 dM1
2cos’ @+cosf—1=0 terms in any order Al
(2cos@-1)(cos@+1)=0
cosezé 9:% (6 =7 need not be seen) ddM1A1
r:3ax§:ga Al (6)
2 2

(b) Area:%.[rde:%j;Qaz (1+cos6) do

9a’ (% 2
== (1+2cos@+cos* 0)do M1
2z
:9% 03(1+20059+%(c0326+1)jd6 M1
2 3
_Sa 9+2sin9+1(lsin29+9j dM1A1
2 22 i
ot
Sa |z, 3+l><ﬁ+Z (-0)
2 |3 42 6
9a2[ z 93| (9~ 83,
SN AL L P Al (5) [11
2 |2 8}(4 16] G) 1l

(@M1  using rsingd rcosd scores MO

dM1 Attempt the differentiation of rsin@, inc use of product rule or sin26 = 2sin&cosé
Al Correct 3 term quadratic in cosé

ddM1  dep on both M marks. Solve their quadratic (usual rules) giving one or two roots

Al Correct quadratic solved to give 6= %

Al Correct r obtained  No need to see coordinates together in brackets
Special Case: If rcosé used, score MOM1AOMOAOAOto

(b)M1  Use of correct area formula, % may be seen later, inc squaring the bracket to obtain 3
terms - limits need not be shown.

1 .
M1 Use double angle formula (formula to be of form cos’ 8 = J_rz(cos 20 +1)) to obtain an

integrable function - limits need not be shown, % from area formula may be missing,

dM1 attempt the integration - limits not needed — dep on 2" M mark but not the first
Al correct integration — substitution of limits not required
Al correct final answer any equivalent provided in the demanded form.
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7.
— top2 T T
y=tan-x, ——<<x<—
2 2
d’y 4 2
(a) Show that —= = 6sec” x — 4sec” x
dx 4
“4)
d3
(b) Hence show that d_J; = 8sec? x tan x (4 sec’ x + B), where 4 and B are constants to
X
be found.
3)
T
(¢) Find the Taylor series expansion of tan® x, in ascending powers of (x - E)’
- 3
up to and including the term in ( X — g)
“4)
. J
24

P 4 4 8 3 1 A 0 2 4 3 2
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dy 2
7(a — = 2tan xsec” x Bl
(a) ™
drR Y 2tn X(1+tan? x)
dx
2 2
% =2sec’ X+ 4tan® xsec’ x % =2sec’® x+2x3tan’* xsec’*x | M1 Al
X X
= 2sec” x+4(sec” x—1)sec” x = 2sec’ x+6(sec’ x—1)sec’ X
=6sec’ x—4sec? x Alcso  (4)
dsy 3 2
(b) —= = 24sec” xsec xtan x —8sec” xtan x M1A1
=8sec’ xtan x(3sec’ x—1) Alcso  (3)
2 d 2\?
© | v.=(3) (=3 (%} 23 x(ﬂ (=843) B1(both)
3 —
3
2
(d—Z’] —6x2°—4x2% =80
dx* )=
3
[d—i’j =8x4x+/3 (3x2*-1)= 3523 M1 (attempt
ax® )= both)
2 2 3/ 43
tan’x=y_ +(x—zj(d—yJ +£(x—£j d—Z +£(x—£j d—Z
3 3)\dx )= 21 3)dx" ) 3 3)1dx’)s
3 3 3
V4 7Y\ 176 z\
=3+8ﬁ(x——J+40(x——) +—ﬁ(x——) M1AL (4)[11]
3 3 3 3
dy 2
a)Bl — =2tan xsec” x
(@) ™
M1 attempting the second derivative, inc using the product rule or
sec’@=tan’@+1 Must start from the result given in (a)
Al a correct second derivative in any form
Alcso  for a correct result following completely correct working sec” @ =tan® #+1 must be d

seen or used
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(b) M1  attempting the third derivative, inc using the chain rule
Al a correct derivative
Al a completely correct final result

©)BL Y =<\E)2 or 3 and (j—yj=2ﬁx(%j or 83

3 X )z
M1 obtaining values for second and third derivatives at % (need not be correct but must be

obtained from their derivatives)

M1 using a correct Taylor's expansion using (x —%) and their derivatives. (2! or 2, 3! or 6

must be seen or implied by the work shown) This mark is not dependent.
Al for a correct final answer Must start tan® X =.... ory=..... f(x) scores A0 unless

defined as tan®xor y here or earlier. Accept equivalents eg awrt 610 (609.6...) /371712
But no factorials in this final answer.
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8. (a) Show that the transformation x = e* transforms the differential equation
&y dy
XF—7XE+16y=2h’1x, x>0 D
into the differential equation
<:12_y_8d_y+16 =2u (IT)
du’ du 4
(6)
(b) Find the general solution of the differential equation (II), expressing y as a function
of u.
(7)
(c) Hence obtain the general solution of the differential equation (I).
(1)
g J

— N R AR O
P 4 4 8 3 1 A 0 2 8 3 2
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dx du dx du
8 =e" —=e" Oor —=e"' or —=X0r —== B1
@) du dx du dx x
dy _ dy du _, dy
e — M1
dx du dx du
dzy -u dU dy -u dzy dU -2u dy dzy
2 -¢ —-=+t& ——=¢ M1A1l
dx® dx du du? dx du du
X2 dy 7xdy+16y:2lnx
dx® dx
o dy dzy L dy
e? xe™ 7e'xe ™ =L +16y=2In(e
g ( du du? j T y= ( ) M1
2

d—é’ 8V 16y 2u * Alcso  (6)
du du

dx -
for — =e" oeasshown seen explicitly or used

a) Bl
(@) QU
M1 obtaining g_y using chain rule here or seen later
X
2
M1 obtaining 3—)2/ using product rule (penalise lack of chain rule by the A mark)
X
: d’y :
Al a correct expression for Fva any equivalent form
X
dM1 substituting in the equation to eliminate x Only u and y now Depends on the 2™ M mark
Alcso  obtaining the given result from completely correct work
ALTERNATIVE 1
dx
=e" —=e"= B1
du
dy dy dx dy
=X— M1
du dx du dx
2 2 2
aY _ YA Y e dy M1AL
du du dx dx du dx dx
GOy _&y oy
dx* du® du
d’y dy ldy
—— TXx +16y=2In(e
(du2 duj xdu Y («)
d’y _dy * dM1A1cso
——-8—+16y="2u
d’ du Y (6)
Bl As above
M1 obtaining j_y using chain rule here or seen later
u
2
M1 d’y

obtaining Il using product rule (penalise lack of chain rule by the A mark)
u
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: d’y :
Al Correct expression for T any equivalent form
u

dM1Alcso

As main scheme

ALTERNATIVE 2:

u=Inx du_1 Bl
dx x
dy dy du_1dy "

= X = —
dx du dx xdu

2 2 2
dy 1dy 1d’ du_ 1dy 1d% M1A1

= + X— = +
dx? x*du  xdu® dx x? du x* du?

2
? _12d_y izd—g 7x><1dy+16y:2u
X“du Xx°du x du
2
Y eY 16y-2u ¥ dM1A1cso
du du

Bl
M1
M1
Al
dMm1

Alcso

See the notes for the main scheme.

There are also other solutions which will appear, either starting from equation Il and
obtaining equation I, or mixing letters x, y and u until the final stage.

Mark as follows:

as shown in schemes above

obtaining a first derivative with chain rule

obtaining a second derivative with product rule

correct second derivative with 2 or 3 variables present

Either substitute in equation | or substitute in equation Il according to method chosen
and obtain an equation with only y and u (following sub in egn I) or with only x and y
(following sub in egn I1)

Obtaining the required result from completely correct work



Summer 2015
Past Paper (Mark Scheme)

www.mystudybro.com
This resource was created and owned by Pearson Edexcel

Mathematics FP2

6668

Question Scheme Marks
Number
(b) m’ -8m+16=0
(m-4)°=0 m=4 M1A1
(CF=)(A+Bu)e™ Al
Pl:try y=au+b  (or y=cu®+au+b different derivatives, ¢ = 0)
2
W _a 9Y_y M1
du du
0—-8a+16(au+b)=2u
1 1 .
a= 3 b= 0 oe (decimals must be 0.125 and 0.0625) dM1A1
ny=(A+ Bu)e‘“‘+1u+i Bift  (7)
8 16
s 1 1
() y=(A+BInx)x*+=Inx+-— B1 (1)
8 16
[14]
(b) M1 writing down the correct aux equation and solving to m= ... (usual rules)
Al the correct solution (m=4)
Al the correct CF — can use any (single) variable
2
M1 using an appropriate Pl and finding y and d—g Use of y = Au scores MO
u u
dM1 substitute in the equation to obtain values for the unknowns Dependent on the second
M1
Al correct unknowns two or three (c = 0)
B1ft a complete solution, follow through their CF and PI. Must have y = a function of u
Allow recovery of incorrect variables.
(c) B1  reverse the substitution to obtain a correct expression for y in terms of x No ft here

4Inx

x* or e allowed. Must starty = ...



