111/

( Please check the examination details below before entering your candidate information

(Candidate surname Other names

Pea rson Edexcel Centre Number Candidate Number

International

Advanced Level

( o )
Friday 22 January 2021

\_ J

( )
Afternoon (Time: 1 hour 30 minutes) | Paper Reference WFMO03/01
Mathematics
International Advanced Subsidiary/Advanced Level
Further Pure Mathematics F3

. J

( You must have: Total Marks
Mathematical Formulae and Statistical Tables (Blue), calculator

. J

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

Instructions

® Use black ink or ball-point pen.

® If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).

® Fill in the boxes at the top of this page with your name,
centre number and candidate number.

® Answer all questions and ensure that your answers to parts of questions are clearly
labelled.

® Answer the questions in the spaces provided
— there may be more space than you need.

® You should show sufficient working to make your methods clear. Answers without
working may not gain full credit.

® Inexact answers should be given to three significant figures unless otherwise
stated.

Information
® A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.
® There are 9 questions in this question paper. The total mark for this paper is 75.
® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.

Advice

® Read each question carefully before you start to answer it.

® Try to answer every question.

® Check your answers if you have time at the end.

® If you change your mind about an answer, cross it out and put your new answer
and any working underneath.

Turn over

©2021 Pearson Education Ltd.
P 6 6 6 4 2 A 0 1 3 6

Pearson



Leave )
blank
1. Relative to a fixed origin O, the points A, B, C and D have coordinates (0, 4, 1), (4, 0, 0),
(3, 5, 2) and (2, 2, k) respectively, where £ is a constant.
(a) Determine the exact area of triangle 4ABC.
3)
(b) Determine in terms of k, the volume of the tetrahedron ABCD, simplifying
your answer.
3)
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Question 1 continued
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Question 1 continued
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y=In(tanh2x) x>0
(a) Show that

d
d_y = pcosech4x

X

where p is a constant to be determined.

C))

(b) Hence determine, in simplest form, the exact value of x for which 3—}} =1
X
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where k is a constant

[NSR NS R
NN

(a) Determine the values of & for which A is singular.

(0))
Given that A is non-singular,

(b) find A™', giving your answer in terms of .

(C))
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Question 3 continued
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4. Using the substitution x =4coshéf show that

1
Sdr = —— 4o x| >4

(x> =16 VX 16

where a is a constant to be determined and c is an arbitrary constant.
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Question 4 continued
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Question 4 continued
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Question 4 continued
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5.
6 -2 -1
M=(-2 6 -1
-1 -1 5
Given that 8 is an eigenvalue of M
(a) determine an eigenvector corresponding to the eigenvalue 8
(2)
(b) Determine the other two eigenvalues of M.
3)
(¢) Hence find an orthogonal matrix P and a diagonal matrix D such that PPTMP = D
“)
16
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Question 5 continued
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Question 5 continued
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Question 5 continued
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6.
I = x—ndx ne N
! Vx? +3
(a) Show that
n-l L 3(n-1
I =2 (x+3) - L )[H n>3
n n
(6)
(b) Hence show that
j x° 1 ( 2 > 4 2
——dx == (x*+3)2(x*+ px*+q)+ k
J2+3 5 ) ( P q )
where p and ¢ are integers to be determined and £ is an arbitrary constant.
“)
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Question 6 continued
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Question 6 continued
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Question 6 continued
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7. The point P has coordinates (1, 2, 1)
The line / has Cartesian equation 8
x-3 y+l z+45 9
5 3 -8 e
The plane 17, contains the point P and the line /. g '
(a) Show that a Cartesian equation for /7, is oo 8
48
6x —2y+3z=5 S
) o
The point Q has coordinates (2, k, —7), where & is a constant. ’
(b) Show that the shortest distance between /7, and Q is
2
=k +7|
7
()
The plane 17, has Cartesian equation 8x —4y +z = -3
Given that the shortest distance between /7, and Q is the same as the shortest distance
between /7, and Q,
(c) determine the possible values of .
“)
J
24
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Question 7 continued
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Question 7 continued
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Question 7 continued
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8. The curve C has equation

y=2+1In(1-x?) %gxg

I NG NOV)

(a) Show that the length of the curve C is given by

Blw

1+ x?
X dx
1—x?

—_

(C))

(b) Hence, using algebraic integration, show that the length of the curve C is p + Ing
where p and ¢ are rational numbers to be determined.

©)

~N
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Question 8 continued
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Question 8 continued
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9. The ellipse £ has equation

x2 y2 B

25 16

T

The point P lies on the ellipse and has coordinates (5 cos#, 4 sin#) where 0 < 0 < >

The line / is the normal to the ellipse at the point P.
(a) Show that an equation for / is

Sxsinf — 4ycosf = 9sinfcosb
)

The point F is the focus of £ that lies on the positive x-axis.

(b) Determine the coordinates of F.

(2)
The line / crosses the x-axis at the point Q.

(c) Show that

joF| _,
| PF|

where e is the eccentricity of E.

(©))
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Question 9 continued

Leave
blank

34

P 6 6 6 4 2 A 0 3 4 3 6

<K
< EL LY
S pass
(0%~ v 0
S

p%S

XS
XX

<
QL
25
255
855
2R

¢
dastetatetets
1@ otels
7 NS
CRRRRS

QR
) %
R

00009
XX
L
.\
:‘ o

0>

205

21
A

o6

o

2%
S
<>
S
%%

o%
<L
MDA
QEKKL
10 %%
9

Botel 0,10
0 @90
PROse ~ K0

RS

%
5
<X
3RS
%5

50
QLK
3RS
X
QS

OO
ZRLRAR
o letoetere!
S tototede!
RRRRRK
KKK



Leave
blank

Question 9 continued

K5
XS

o
%

X KKK
R8s

&g
95
L
*@f‘@

%
L)

‘¢§§§
Sha

&&%%?b
53

5

o9
XX,
55
%

0
R
XX
0

35
X
.oe?g"

o%

%%

XX
<

X
$9:0,0,0.0,
posesetetets
RIS
SIS
R

K
A@gﬁk
e )
I

X

o%

%%

9
S

XX

R

o202

XXX
X KK
detetele!
>IN
X KKK K
RRRRRKR

0

ot

e
0.0
X

OO

220225

KB A

4 P
K]
QR
R

196%%
0‘0‘0

X XK
RS

&

%

255
%

9% %
o
o<

XX

2

<
4
e ¥
2% &
00

]
vooia
3RX

XX

X
2L

X
X

X

[C

X
X
<X
O
K
..

X
%

0%
X
#.\
X
X

XX
255
5%
X
X
3K

\
2
R

KI

OO
22,

093000,

R

:::
::‘
>

X
XK
25

%
28
20202
20%%

ﬁaﬁ
3RS
%!

QQO X
0K
$9%%
‘0‘00

X
%
2%
25
0%
K

S
2L
3RS
XX

SR
0000 %%
Batesesess

o
%
e

b5
96%%
Bosssetetess

22
LS
D
b &
ooex
oo’

0
5
oS
3%

0%6e%

KLAKL
R
R0

0

85

K3

SRR

2e%%
%

oo’

0%

255
RS
o
qs’

¢
i
X
[oe%e!
S
,
\.

35

R A Turm over »
P 6 6 6 4 2 A 0 3 5 3 6



Question 9 continued
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