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1. (a) Express in partial fractions.
r(r + 2
@)
n
(b) Hence show that ) 4 _ _nGn+5
Srr+2 (n+Dh(n+2) ©)
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2. Solve the equation
28 = 4\2 — 42i,

giving your answers in the form r(cos @ + i sin 8), where — z < 0 < .

(6)
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3. Find the general solution of the differential equation

. dy . .
sinX—= — ycosx = sin2xsinx,
dx
giving your answer in the form y = f(x).
(8)
6
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o >
o) Initial line

Figure 1
Figure 1 shows a sketch of the curve with polar equation

r=a+3cosf, a>0 0<6<2zn
. 107
The area enclosed by the curve is % .

Find the value of a.

(8)
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y = sec? X

2
(a) Show that j—z = 6sec’ x — 4sec® x.
X

(4)
(b) Find a Taylor series expansion of secx in ascending powers of (x - 5], up to and

3
including the term in (x - %j :
(6)
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6.

A transformation T from the z-plane to the w-plane is given by

W =

-z # —I
Z+i

The circle with equation |z| = 3 is mapped by T onto the curve C.

(@) Show that C is a circle and find its centre and radius.

(8)
The region |z| <3 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.
)

Leave\
blank
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7. (a) Sketch the graph of y=|x?-a?|, where a>1, showing the coordinates of the points
where the graph meets the axes.

)
(b) Solve [x?-a?|=a?-x, a>1.

(6)
(c) Find the set of values of x for which [x*-a?|>a?-x, a>1.

(4)

20
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2
d—;(+5d—x+6x:2e‘t
dt dt

Given that x = 0 and 2—1(:2 att =0,

(@) find x in terms of t.

(8)

The solution to part (a) is used to represent the motion of a particle P on the x-axis. At
time t seconds, where t>0, P is x metres from the origin O.

(b) Show that the maximum distance between O and P is %m and justify that this

distance is a maximum.
(7)

Leave\
blank

24

M 3 51 4 4 A 0 2 4 2 8




PhysicsAndMathsTutor.com June 2009

Question 8 continued

(Total 15 marks)

Leave )
blank

Q8

END

TOTAL FOR PAPER: 75 MARKS

28

M 3 51 4 4 A 0 2 8 2 8




PhysicsAndMathsTutor.com

Surname
Centre

No. Paper Reference

Initial(s)

’(\Slagdidate 6 6 6 8 / O 1 Signature

Paper Reference(s)

6668/01

Examiner’s use only

Edexcel GCE

Further Pure Mathematics FP2

Advanced/Advanced Subsidiary
Thursday 24 June 2010 — Morning
Time: 1 hour 30 minutes

Materials required for examination Items included with question papers
Mathematical Formulae (Pink) Nil

Candidates may use any calculator allowed by the regulations of the Joint
Council for Qualifications. Calculators must not have the facility for symbolic
algebra manipulation, differentiation and integration, or have retrievable
mathematical formulae stored in them.

Instructions to Candidates

Question| Leave
Number | Blank

ol N OO B~ W|IDN| PP

In the boxes above, write your centre number, candidate number, your surname, initials and signature.

Check that you have the correct question paper.

Answer ALL the questions.

You must write your answer to each question in the space following the question.

When a calculator is used, the answer should be given to an appropriate degree of accuracy.

Information for Candidates

A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.

Full marks may be obtained for answers to ALL questions.

The marks for individual questions and the parts of questions are shown in round brackets: e.g. (2).
There are 8 questions in this question paper. The total mark for this paper is 75.

There are 24 pages in this question paper. Any blank pages are indicated.

Advice to Candidates

You must ensure that your answers to parts of questions are clearly labelled.
You should show sufficient working to make your methods clear to the Examiner.
Answers without working may not gain full credit.

This publication may be reproduced only in accordance with
Edexcel Limited copyright policy.

©2010 Edexcel Limited.

Printer’s Log. No.

N35388 edexcel
N 3 5 3 8 8 A 0 1 2 4

advancing learning, changing lives

W850/R6668/57570 4/5/5

Total

Turn over



PhysicsAndMathsTutor.com June 2010

LeaveN
blank
1. (a) Express 3 in partial fractions.
Br-)@Br+2)
)
(b) Using your answer to part (a) and the method of differences, show that
z 3 _ 3n
= Br-)3r+2) 2(3n+2) (3)
(© I 1020(: 3 f f
c) Evaluate ————— giving your answer to 3 significant figures.
<100 B3r —1)(3r +2) )
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The displacement x metres of a particle at time t seconds is given by the differential
equation
X
—+X+cosx=0
dt
When t=0, x=0 and %:1
dt 2
Find a Taylor series solution for x in ascending powers of t, up to and including the term
in t.
()
J
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3. (a) Find the set of values of x for which

x+4>i
X+3 (6)

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

x+4>i
|X+3| (1)
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z=-8+(8V3)i
(@) Find the modulus of z and the argument of z.
©)
Using de Moivre’s theorem,
(b) find z°,
)

(c) find the values of w such that w* =z, giving your answers in the form a + ib, where
a,beR.
()
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Figure 1
Figure 1 shows the curves given by the polar equations
r=2, 0<0L
and r=15+sin36, 0<6<K
(a) Find the coordinates of the points where the curves intersect.
3)
The region S, between the curves, for which r >2 and for which r < (1.5 + sin36), is shown
shaded in Figure 1.
(b) Find, by integration, the area of the shaded region S, giving your answer in the form
ar + b3, where a and b are simplified fractions.
(7)
J
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6. A complex number z is represented by the point P in the Argand diagram.

(a) Given that |z—6|=|z|, sketch the locus of P.

(2)
(b) Find the complex numbers z which satisfy both |z—6|=|z| and |z—3-4i|=5.

3
The transformation T from the z-plane to the w-plane is given by w= ﬂ

z
(c) Show that T maps |z—6|=|z| onto a circle in the w-plane and give the cartesian
equation of this circle.
(5)

14
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7. (@) Show that the transformation z = y% transforms the differential equation
d—y—4ytanx:2y% 0]
dx
into the differential equation
E—Zztanx:l (1
dx (5)
(b) Solve the differential equation (1) to find z as a function of x.
(6)
(c) Hence obtain the general solution of the differential equation (1).
1)
J
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8. (a) Find the value of A for which y = Axsin5x is a particular integral of the differential
equation
2

dy
—+ 25y =3c0s5x
dx? y

(4)

(b) Using your answer to part (a), find the general solution of the differential equation

2
d_y+ 25y =3c0s5x

dX2 (3)

Giventhatat x=0, y=0 and 3—y=5,
X

(c) find the particular solution of this differential equation, giving your solution in the
form y =f(x).
()

(d) Sketch the curve with equation y =f(x) for 0 < x < =

@)

22
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Question 8 continued

(Total 14 marks)
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1. Find the set of values of x for which

3 x—4
3>
X+ X (7)
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d’y dy
=e'|2y—+y +1
(ydx Y

(a) Show that

2

d’y dy (Y, dy o,
——=e"|2y—+2| — | +hky—+y +1
ax’ [ Y (dx SRR

where k is a constant to be found.

©))

Given that, at x=0, y=1 and %:2,

(b) find a series solution for y in ascending powers of x, up to and including the term
: 3
in x°.

C))

Leave )
blank
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3. Find the general solution of the differential equation

xd—y+5y=1n—x, x>0
dx X

giving your answer in the form y = f(x).

@®)
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4. Given that
2r+1)° = A4r’ + Br* + Cr +1,

(a) find the values of the constants A4, B and C.

(2)
(b) Show that
Q2r+1)° —2r-1)°> =24r> +2
(2)
(c) Using the result in part (b) and the method of differences, show that
n X 1
ZI" =—nn+1D)(2n+1)
=6 5)
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5. The point P represents the complex number z on an Argand diagram, where

k—ﬂ=2
The locus of P as z varies is the curve C.

(a) Find a cartesian equation of C.

(2)
(b) Sketch the curve C.
(2)
A transformation 7 from the z-plane to the w-plane is given by
w=2T1 43
3+i1z
The point Q is mapped by 7 onto the point R. Given that R lies on the real axis,
(c) show that Q lies on C.
(6))
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Question 5 continued

Leave )
blank

P 3 5 41 3 A 01 3 2 8

13

Turn over



PhysicsAndMathsTutor.com June 2011

0 N 0=0
Figure 1

The curve C shown in Figure 1 has polar equation

r=2+cosf, 0<6 <%

At the point 4 on C, the value of r is %
The point N lies on the initial line and AN is perpendicular to the initial line.

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

Find the exact area of the shaded region R.

€)

Leave )
blank
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Question 6 continued
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7. (a) Use de Moivre’s theorem to show that

sin50 =16sin’0 —20sin’0 + 5sin6

6))
Hence, given also that sin 30 = 3sin@ —4sin’0,
(b) find all the solutions of
sin 50 =5sin 30,
in the interval 0 <0 < 2z. Give your answers to 3 decimal places.
()

20
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Leave\
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8. The differential equation
2
69 ox=cos3r, 120
dr dt
describes the motion of a particle along the x-axis.
(a) Find the general solution of this differential equation.
®
(b) Find the particular solution of this differential equation for which, at 7 =0,
X= 1 and dx =0.
On the graph of the particular solution defined in part (b), the first turning point for 7 > 30
is the point 4.
(¢) Find approximate values for the coordinates of 4.
(2)
J
24
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1.

Find the set of values of x for which

|x2 —4| > 3x

©))
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2. The curve C has polar equation

r=1+2cos0, Og&g%

At the point P on C, the tangent to C is parallel to the initial line.

Given that O is the pole, find the exact length of the line OP.
(7
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3. (a) Express the complex number -2+ (2\/ 3)i in the form r(cosf+isinf), —7 <0 < 7.

3)
(b) Solve the equation
2t =2+(2V3)i

giving the roots in the form r(cos@ +isinf), —z <0< x.

(C))
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4. Find the general solution of the differential equation
2
%+5%+6x =2cost —sint
t t )
\
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dy 2
xX—=3x+
o y

(a) Show that

2
xjx—);+(l—2y)%=3
(2)

Giventhaty=1atx=1,
(b) find a series solution for y in ascending powers of (x —1), up to and including the term

in (x—1)°.

@®)

LeaveN
blank
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6.

in partial fractions.

1
(a) Express rr+2)

(b) Hence prove, by the method of differences, that
z 1 n(an+b)
r(r+2) 4m+1)(n+2)

r=1

where a and b are constants to be found.

(c) Hence show that
i I n(4n+5)
S r(r+2) 4m+D)(n+2)2n+1)

2

(6)

(€))

Leave )
blank
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7. (a) Show that the substitution y =vx transforms the differential equation

dy

3y’ =—=x"+y’ I
Y y @
into the differential equation

3v2x% =1-2v (I1)
3
(b) By solving differential equation (II), find a general solution of differential equation
(I) in the form y = f(x).
(6)
Giventhat y=2 at x=1,

(c) find the value of Y at x=1
dx @)
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8.

The point P represents a complex number z on an Argand diagram such that
|Z—6i| = 2|Z—3|

(a) Show that, as z varies, the locus of P is a circle, stating the radius and the coordinates
of the centre of this circle.

()
The point Q represents a complex number z on an Argand diagram such that
3z
arg (z—6)=——
g(z-6)=-
(b) Sketch, on the same Argand diagram, the locus of P and the locus of Q as z varies.
C))
3r
(¢) Find the complex number for which both |z —6i| = 2|z —3| and arg (z—6) = ~
C))
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1. A transformation 7 from the z-plane to the w-plane is given by
z+2i
w=— z£0
iz
The transformation maps points on the real axis in the z-plane onto a line in the w-plane.
Find an equation of this line.
(C))
2
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2. Use algebra to find the set of values of x for which

6x S 1
3—x x+1

(M
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3. (a) Express in partial fractions.

(r+1D(r+3)

2
(b) Hence show that
i 2 _ n(5n +13)
S +Dr+3)  6(n+2)(n+3)
(C))
(c) Evaluate lifj = 1)2(r 13 giving your answer to 3 significant figures.
r=10 @)
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Question 3 continued
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4. Given that

y e
d’y d’y dy
(a) find o in terms of e and y.
C))

Given that y =2 and %z 2 atx=0

(b) find a series solution for y in ascending powers of x, up to and including the term in x°.

S))
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Question 4 continued
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5.

(a) Find, in the form y = f(x), the general solution of the equation

dy . T
— + 2y tanx = sin 2x, O<x<—
dx 2

T
Giventhaty=2 atx = 3

(b) find the value of y at x = %, giving your answer in the form a + £ In b,

where a and b are integers and £ is rational.

(6)

C))

LeaveN
blank

P 4 2 9 5 5 A 0 1 6 3 2




PhysicsAndMathsTutor.com

June 2013 (R)

Question 5 continued

LeaveN
blank

P 4 2 9 5 5 A0 1 7 3 2

17

Turn over



PhysicsAndMathsTutor.com

June 2013 (R)

6. The complex number z = €, where 0 is real.

(a) Use de Moivre’s theorem to show that

1
z"+ — = 2cos n
z

where 7 is a positive integer.

(b) Show that

cos’ 0 = %(COSSQ + 5¢0s30 + 10cos6)

(c) Hence find all the solutions of
cos50 + 5cos30+ 12cosf =0

in the interval 0 < 0 <27

2

S))

“4)
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Question 6 continued
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7. (a) Find the value of 1 for which Ar%e* is a particular integral of the
differential equation
2
d7y 6 dy

+ 9y = 6e™ t>0
2 4 =

(b) Hence find the general solution of this differential equation.

(©))
. dy
Given that when 7= 0, y =5 and i 4
(c) find the particular solution of this differential equation, giving your solution in the

form y = (7).
(6))
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Question 7 continued
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/ \/ »
\ /)\ Initial line

Figure 1

Figure 1 shows a closed curve C with equation

1 T T 37w St
r=3(cos26)", where 2 <0< —, <0< s

4 4

The lines PQ, SR, PS and QR are tangents to C, where PQ and SR are parallel to the initial

line and PS and QR are perpendicular to the initial line. The point O is the pole.

(a) Find the total area enclosed by the curve C, shown unshaded inside the rectangle in

Figure 1.

(C))

(b) Find the total area of the region bounded by the curve C and the four tangents, shown

shaded in Figure 1.

®
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Question 8 continued

(Total 13 marks)
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Q8

END
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2 : : .
1. (a) Express 2r + 1)(2r + 3) in partial fractions. o
(b) Using your answer to (a), find, in terms of #,
> o
e~ (2r +1)(2r + 3)
Give your answer as a single fraction in its simplest form.
(®))
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PhysicsAndMathsTutor.com June 2013

LeaveN
blank
z=5V3-5i
Find
(@ I,
)]
(b) arg(z), in terms of 7.
(2
T .. T
w = 2| cos— + 1sin—
[cosf +isn )
Find
©) 3‘
e))
(d) arg (2), in terms of .
z 0))
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2
jx—};+4y—sinx:0

Given that y = 1 and & = 1 atx =0,
2 dr 8

find a series expansion for y in terms of x, up to and including the term in x>.

S))
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4. (a) Given that
z=r(cos@+isinf), relR
prove, by induction, that z” = r" (cos nf + isinnf)), n e Z*
(6))
3z .. 3xw
w=3| cos— +1sin—
4 4
(b) Find the exact value of w>, giving your answer in the form a + ib, where a, b € R.
2
8
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5.

(a) Find the general solution of the differential equation

xd—y+2y = 4x’
dx

S))

(b) Find the particular solution for which y = 5 at x = 1, giving your answer in the form
y = 1(x).
2

(c) (1) Find the exact values of the coordinates of the turning points of the curve with
equation y = f(x), making your method clear.

(i1) Sketch the curve with equation y = f(x), showing the coordinates of the turning
points.

©))
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6. (a) Use algebra to find the exact solutions of the equation
|2x% +6x — 5| =5 - 2x
(6
(b) On the same diagram, sketch the curve with equation y = |2x? + 6x — 5| and the line
with equation y = 5 — 2x, showing the x-coordinates of the points where the line
crosses the curve.
3
(c) Find the set of values of x for which
|2x% + 6x — 5| > 5 — 2x
(©))
J
16
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Question 6 continued
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7. (a) Show that the transformation y = xv transforms the equation

d’y  dy
4 — —8x—= + (8 + 4x*)y = x* I
o & ( )y (D
into the equation
d*v
4@ +4y = x (II)

(b) Solve the differential equation (II) to find v as a function of x.

(c) Hence state the general solution of the differential equation (I).

(6)

(6)

()]
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Figure 1 shows a curve C with polar equation » = asin26, 0 < 0 < %, and a half-line /.

The half-line / meets C at the pole O and at the point P. The tangent to C at P is parallel
to the initial line. The polar coordinates of P are (R, ¢).

(a) Show that cos¢ = %

v ®
(b) Find the exact value of R.
2
The region S, shown shaded in Figure 1, is bounded by C and /.
(c) Use calculus to show that the exact area of S is
1
—a’ 9arccos(L) + 2
36 3
(7

Leave\
blank
8. [

P

S

C

o) » 0=0
Figure 1
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Question 8 continued

(Total 15 marks)
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END
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Further Pure Mathematics FP2

Candidates sitting FP2 may also requirethose formulae listed under Further Pure
Mathematics FP1 and Core Mathematics C1-CA4.

Area of a sector

A= %J r’ dé@  (polar coordinates)

Complex numbers

€'’ =cos@+isiné
{r(cos@ +isin@)}" =r"(cosn@ +isinng)
27Ki

Therootsof z" =1 aregivenby z=e " ,for k=0,1, 2, ..., n-1
Maclaurin’sand Taylor’s Series
2 r
f(x)=f(O)+xf’(O)+X—Zf”(O)+...+X—If“)(O)+...
r!

(x-a)®

f(x)=f(a)+(x—a)f(a)+ 5

f”(a)+...+(x_r—|a)rf“’(a)+...

f(a+x) :f(a)+xf’(a)+X?Tf”(a)+...+);—:f O(@)+...

2 r

ex=exp(x):1+x+x—2+...+x—|+... for all x
r!
x> x° X'
IN(A+X)=X——+——..+(-D™" =—+... (-1<x<]
2 3 r
3 5 2r+1
sinx=x—x—+x——...+(—1)r X +... fordlx
3 5 (2r +1)!
2 4 2r
cosx:l—x—+x——...+(—1)r X ... foralx
2 4 (2r)!
3 XS X2r+1

arctan x=x—%+€—...+(—1)r +... (-1<£xx))

2r+1

Edexcel AS/A level Mathematics Formulae List: Further Pure Mathematics FP2 — Issue 1 — September 2009



Further Pure Mathematics FP1

Candidates sitting FP1 may also requirethose formulae listed under Core Mathematics C1
and C2.

Summations

D r?2=1n(n+1(2n+1)
D rP=1in*(n+1?

=1
r=1

Numerical solution of equations
f(x,)

The Newton-Raphson iteration for solving f(x) =0: X, = X, —

f1x,)
Conics
Parcbola | Rectanguler
Parametric (a2, 2at) [ o, Ej
Form t
Foci (a,0) Not required
Directrices X=-a Not required

Matrix transformations

cosfd -sind
Anticlockwise rotation through & about O: ( J

sin@ cosé

. , cos26  sin26
Reflectionintheline y = (tan@)x: | .
sin26 —cos26

In FP1, &will be amultiple of 45°.

8 Edexcel AS/A level Mathematics Formulae List: Further Pure Mathematics FP1 — Issue 1 — September 2009



Core Mathematics C4

Candidates sitting C4 may also require those formulae listed under Core Mathematics C1, C2
and C3.

Integration (+ constant)

f(x) Jf(x) dx

sec” kx %tankx

tan x Injsecx]

cot x In|sin ]

COSEC X —Injcosecx+cotx,  Inftan( X)|
SEC X Injsecx+tanx, Inftan(Zx+47)

Juﬂdx: uv—jvd—udx
dx dx

Edexcel AS/A level Mathematics Formulae List: Core Mathematics C4 — Issue 1 — September 2009 7



Core Mathematics C3

Candidates sitting C3 may also require those for mulae listed under Core Mathematics C1 and
C2.

Logarithms and exponentials

xIna X
e

=a

Trigonometric identities

sin(A+B) =sin AcosB+cosAsinB
cos(Ax B) =cosAcosB¥sin AsinB

tan(A+ B) =% (A£B % (k+1)7)
sin A+sinB=2sin 2+ B cos A; B
s§nA—sinB=2cos At BgnA=B
2 2
cos A+cosB = 2cos 2t B cos A; B
cos A—cosB = —2sin 2+ B gin A; B
Differentiation

f(x) f7(x)

tan kx k sec” kx

SEC X Sec x tan X

cot x —cosec? X

COSEC X —COSEC X COt X

) fX)9(x) —f(x) g'(x)
9(x) (9(¥)

6 Edexcel AS/A level Mathematics Formulae List: Core Mathematics C3 — Issue 1 — September 2009



Core Mathematics C2
Candidates sitting C2 may also require those formulae listed under Core Mathematics C1.
Cosinerule

a’=b”*+c®—2bc cos A

Binomial series

n n n
(a+b)" =a“+(1ja”‘1b+[2ja”‘2b2+...+(r]a”"b’ +...+b" (ne N)

where e "C, S
r ri(n—r)!

n(n-1 NI nn-2...(n-r+1 W1
X 2%...Xr

1+ X)" =1+ nx+ +... (x|<LneR)

Logarithms and exponentials

log, X

log, x=
log, a

Geometric series

= arn—l
_a@-r"
= 1-r

S.=—2 for|r| <1
1-r

Numerical integration

b
The trapezium rule: J y dx = sh{(Yo+yn) +2(y1 + Y2+ ... + Ya_1)}, Where h _2-a
n

a

Edexcel AS/A level Mathematics Formulae List: Core Mathematics C2 — Issue 1 — September 2009



Core MathematicsC1

Mensuration
Surface area of sphere = 47t 2

Areaof curved surface of cone= zr x slant height

Arithmetic series

up=a+(n-1)d

S = %n(a+|): %n[2a+(n—1)d]

4 Edexcel AS/A level Mathematics Formulae List: Core Mathematics C1 — Issue 1 — September 2009
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