P75717A

©2024 Pearson Education Ltd.

F:1/1/

-

Please check the examination details below before entering your candidate information

(Candidatesurname Stemup Moa'e’ SO’UthV) Other names

Centre Number

Candidate Number

Pearson Edexcel International Advanced Level

(Tuesday 11 June 2024

)

Morning (Time: 1 hour 30 minutes)

Paper
reference

Mathematics

.

International Advanced Subsidiary/ Advanced Level
Further Pure Mathematics F3

J

( You must have:

Mathematical Formulae and Statistical Tables (Yellow), calculator

=
Total Marks

. J
. J
Candidates may use any calculator allowed 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.
® |f pencil is used for diagrams/sketches/graphs it must be dark (HB or B).
® Fillin 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.
® [nexact 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.
® |f you change your mind about an answer, cross it out and put your new
answer and any working underneath. Turn over
P75 7 1 7 A @ 1 3 2 Pearson

PMT


https://stemup.co.uk

r’

1. The hyperbola H has

« foci with coordinates i%,o

. . . . 72
» directrices with equations x = iE

* eccentricity e
Determine

(@) the value of e

3)

(b) an equation for H, giving your answer in the form px’ —qy* =r, where p, g and r
are integers.

(3)

(a) se = apd L =212
2 e 13
multiply: 02—2,(2—56 = a=6
Py 2 "3 T B
B,
T2 7Tz
W) b= 2’2—/)—36/—'6q —1\—56x—25 =2
= ate =\ 7)) 7 156 g
x? i x? 4y?

ff:

= — - =

36 25/ T 38 T 28

x 900: 25 - 194¢* = 900
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Question 1 continued

(Total for Question 1 is 6 marks)
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In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

2 0 3
M=|0 -4 -3
0 -4 0

Given that M has exactly two distinct eigenvalues 4, and A, where 1 <4,

(a) determine a normalised eigenvector corresponding to the eigenvalue 4,

(6)
4 2
The line |, has equation r=|—1|+u| 0|, where u is a scalar parameter.
0 -1
The transformation T is represented by M.
The line |, is transformed by T to the line I,
(b) Determine a vector equation for 1,, giving your answer in the form rxb =c¢
where b and c are constant vectors.
®3)
2 -A 0 3
(a) det(M-=A) =] 0 -4-x -3
0 =4 =\

=Q-NIEG-NMEN - E3)E9)1 =0 -V + ah - 12)

Q-MNDOA+6)A-2)=0 = A=2 or \=-6

)\/z"'é, )\2=2

g 0 3\/x 0
M + 61)x = 0: 0 2 -3yl =10
0 -9 6 2 0

\\

Ex + 32 =0, 2y — 32 =0, -Gy + 62 =0

let 2 =8 x=-3, y=12
-3
eigenvector (12|,  length = 3% + 122 + 8° = 4217
g
i '73
normalised eigenvector: W Ij
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 9 marks)
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(a) Prove that & =
dx

y = arsinh [vx* =1 x>1

3)

1
f(x) = Earsinh Vx? —1)-arctanx x>1

(b) Determine the exact values of x for which f'(x) =0

.~ dy !

(4)
L,

(a/ d_;’( = 1/, + (’\/(XZ

—yr X3 &

!

X i X

T+ -1 "W -T ~x o b =X

!

=T as reguired

7\ I

W) 6 = 52—

| + x°

3\

! !

f&x) =0 =

= =S TFXP =34 -1

EN | + x2

O+x)2=903-1) = 1+2%+x"=9%-9

X =22 +10=0

= C-2)K-5)=0

x> =2 or x* =,

x > |

X =42, X=
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Question 3 continued

(Total for Question 3 is 7 marks)
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4. (a) Use the definitions of hyperbolic functions in terms of exponentials to show that

sinh (A + B) =sinh AcoshB + coshAsinh B
®3)

(b) Hence express 10sinhx + 8coshx in the form Rsinh(x + ) where R > 0,
giving «a in the form Inp where p is an integer.

(4)

(c) Hence solve the equation
10sinhx + 8coshx = 18+/7

giving your answer in the form In (ﬁ + q) where g is a rational number to
be determined.

(2)

A_ e eB + 7B et + e eB — o7

(a) sinhA coshB + coshA sinhB =

2 T 2 T/ XT3

(eA+B + eA-—B _ eB-—A _ e-—A-—B) + (eA+B _ eA-B + eB-—A _ e—A-—B)

4

20MtB _ 28—(A+B) oMtB — e—(A+B)

= = = h -+ )
2 P sinn(A + &)

sinh(A + B) = sinhA coshB + coshA sinhB

(b) R sinh(x + o) = R sinhx cosha + R coshx sinha

compare with 10sinhx + 8coshx: R cosha = 10, R sinha = 8

R?(cosh?a — sinh’a) = 10° — 82 =36 = R=6

. g
tanvna. = — =

4 )
0 < = o= artanh\

10sinhx + Scoshx = 6sinh(x + In 3)

(c) 6sinh(x +In 3) =187 = sinh(x +1In 3) = 37

x + In 3 = arsinh(3+7) = W37 + V(BV7)Z + 1) = (37 + /6G) = n(By7 + 3)

[ 37+ 3\

x
\

(37 +8) =1In 3= /n\ 3

\

] 2 2
x=ln\q//+§} 9=

J
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Question 4 continued

12

p 7 5 7 17 A 0 1 2 3 2

OO

PMT!

LSRR
S
CRRKS

09%8S
[909696%%
IR

IR
De%e%e

AR
SR5IK
[909696%%
D Setatetes

KRS
258

SR
50K

[909696%%

DoSetatetets

y 9%
U
SIS
SRBRL


https://stemup.co.uk

<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

%

%%
kB Y SRR
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

A REIRIEE,
CXELRS

A SRRRHALS

R
S
ED
f
)

B

Q5

9
R
A

9%
58

SRS

SRR

'
258

X
(RS
0‘0‘0'0‘0
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S

I Etstie
25
&
oo

<
ot
2%

!

%
S
KEETESS
SR

2
AN NN X
POl euzetoeboleteratetel
JIRRIKESS K

0%
X XA]
KRR
PISNNgosel
RRRKL

o
5

X

£ RIIERIIIHKIIA
oS X QSRR
O AT Ra oo to RS tato oo e e g S REEY
LS K \
KL

28

LRI
BB

00 KRRN

LKL
SRS

SR

%
XA

7

Question 4 continued

(Total for Question 4 is 9 marks)
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A +4x+17=(2x+p)° +q
where p and q are integers.

(a) Determine the value of p and the value of g

(2)
Given that

gx+5 1 ,__Ax+B
Vax* +4x +17  4x* +4x+17  4x* +4x +17

where A and B are integers,

(b) write down the value of A and the value of B
(1)
(c) Hence use algebraic integration to show that

1

8x+5
I4x 4 4x 417

dx:k+llnk
2

where K is a rational number to be determined.
(5)
(o) (x+p)?+gq

=4 = p

ax*> + Gpx + p? + g
’,

)

pP+qg=17 = ¢=16

p=1,

g =16

b)) x+S=1+(3+4)

=

r

pa

Ix + S

r !

r Ix + 4 )

(c)

7y vy AR By e Ty ) Ly

X+ v &

!

[ 2x + 1\

2

arsmh\

.

+ 2(4x* + 49x + 17)”

/
r

X + S ,

[

!

), Tt ax + 17

ax

T
—[ GYSIVWI\

X +
2 4

) + 2/4x° + Gx + //]1/

!

=

2

/[ 3\ — .
arsmh\z / + 2425 — 5 arsmn\

/5 \
12

) = 2/169/9

e\

arsinh

in(% +

V16 + // = in(%

+i\=inz
5 )

\
/

13 /

arsinh

==
2

Sla | elw

P o

+ V25714949 + /) = in\

Ls

\ {3\
2 T2 )" "7

!

o
) =™

! \

26 4

| g \

7 /

‘nz———m/i
7 "2

/

+10 ===

3 ~ 3 7

—

?in

3 )

J

1

S
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Question 5 continued
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Question 5 continued

(Total for Question 5 is 8 marks)
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4 )
6. The ellipse E has equation
X 2
4+ y_ =1
25 9
T
The line | is the normal to E at the point P (5cosé, 3sind) where 0 <0< 5
(@) Using calculus, show that an equation for | is
5xsin@ —3ycosd = 16sindcos
(4)
Given that
» lintersects the y-axis at the point Q
» the midpoint of the line segment PQ is M
(b) determine the exact maximum area of triangle OMP as 6 varies, where O is
the origin.
You must justify your answer.
()
(a) dax —Seind ﬁ = 3050 - dy _ 3cos® _ 3cosB
do ~ "% e T dx ~ —Ssine ~  Ssin®
radient of normal = Ssinb.
9 3co0s6
= 3s5in9 = Ssinb. (x = Scos®)
q 3co0s0
3y cosO — 9sin® cos® = Sx sin® — 25sinB cosd
= Sx sin® — 3y cos® = 16sinB cosO as required
PR 16 [ 16 \
(b) x =0 -3y cos® =16sinB cosB =y = 3 sing, GZ\U, 3 sinB /
= {Scos8 + 0 3sin® = (16/3)sin® \ _[S o 7 .\
\T 2 2 ) =\ 7 o0 —g )
’ ) ) , w4 N/ 7 3\ pa S NS/ N}
Area OMP = ? IXpYm — XmYpl = ? / 5cosH}(—Z sme) — (7 c0s0/)(5smmB) |
= L /ﬁ + ,—S \smﬂ cosB = 2—0 S cos = ﬂ sin 26
“2\% "7 3 -3
/¢ . ¢ T
0<9<7 = 0 <Z20<Tm smzesl,maxlwhenze=7,6=j
s area =L =L
maximum area = — =3
§ J
18
VDN AR 0 "o
P75 7 1 7 A @ 1 8 3 2
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( ™)
7. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
yA
0 1' ;%
Figure 1
Figure 1 shows the curve with equation
y=In tanh% 1<x<2
(@) Show that the length, s, of the curve is given by
s = 2cothxdx
1
(4)
(b) Hence show that
s=Inje+ R
(4)
. N dy ! ! ol x \ ! ! _ .
@ o = tanh(x/2) 7 sech \7 / 2sinh(x/2)cosh(x/2) ~ sinh x cosech x
o - VI + (dyldx)* = I + cosech’x = ycoth°x = coth x (coth x >0 for x >0)
f‘2 l‘z “2
s = J/ VI + (dy/dx)? dx = J’ JI + cosech’x dx = J/ coth x dx
PR S ) e cosh x RN
(b) J coth x ax = J “inh x ax = In(simh x)
1 s s [ sinh 2\
s = [ln(smn x/J’ = In(sinh 2) = In(Csinh 1) = I"\Thl
\ y,
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(Total for Question 7 is 8 marks)
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n 2 SIS
I =1 x"(k-x)*dx n>0 KB
0
where K is a positive constant.
(@) Show that
2kn
n = n—1 n 2 1
3+2n
(5)
Given that
k 1
: 93
x (k- x)? dx = ——
0 280
(b) use the result in part (a) to determine the exact value of k.
(4)
(a) u=x" = s v G=30%, v =—2 (k=)
> dx ’ x ’ 3
1, = =2 x"Cl x‘g/z-lk + (2 "= x)*% dx
=73 073 9
PO et
K SRR
2 —1-/} N/ Ny :i::z,‘.zos
:0+?n0x' = x)Uk—x)” dx s
2 f‘k /. 1.7) N N
==n \kx" "Te=x)" =x"C = x)” | dx
3%
2 Ckl 1) 2 nl
= —n _ = — _ J—
3 n-=| n. 3 n=I 3 n
[ 2 \ 2 . \ ,
\/ t3 //M =5 ol =G+ 201, = 2k,
2kn , .
= - as require
n 3+ 2n n=I| ‘Z
b) 1 ! I = 2k 1
2 7 b ] < 0
k ) AWVA r 2 pa \Qlﬁ-lk 2 1 -2/9
=] Ue=x)%dx=]=5 U= "=0+ 51"
) 3 0 3
2777 s 3 10S (3
Do = 0%
16 5 /3 Y 9495./3 273 SRS
k//L = v = k”‘ = — = - ::::::::::
10 230 4630 128 58
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Question 8 continued

(Total for Question 8 is 9 marks)
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r

9. The plane /I, has vector equation

5 3 1
r={3+s|0|+¢ -2
0 1 2

where s and t are scalar parameters.

(a) Determine a Cartesian equation for 71,

5
The plane 77, has vector equation r.| -2 | =1
3

(b) Determine a vector equation for the line of intersection of 77, and 17,

Give your answer in the form r =a + /b, where a and b are constant vectors and
/. is a scalar parameter.

The plane 77, has Cartesian equation 4x —3y-z=0

(c) Use the answer to part (b) to determine the coordinates of the point of intersection
of 17, II, and IT,

(3)

(4)

3)

(a) n =

3 ! 0)2) = )(=2) 2
0] x(-2)=| WW-0BG)Q2) | =|-S

PR

! 2 GICE2) =) =6

S 2
3] |=S|=10-15+0=-§

0 =6

Mg 2x — Sy — 62 = =§

() Ny Sx-2y+32=1

[2\ s (=5)(3) - (-6)(=2) _27 9

direction = (—S) x[=2) = | -6)(5) -2 | = |-36| = -3|12

\=¢/ 3 )(=2) =(35)(s) 21 =7

point on both planes: let x = 2: =Sy — 62 = -9 and -2y + 32 = -9

= Sy+é62=9 4y-62=18 = Q=27 = y=3 2=-|

check: M 6 - 1S +6=-5v My 10 —6-3=1v

[2\  [a

r={3]+a[2

[
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(c) r=1{3+12\| into Nz 4x-3y—-2=20
=1 =7\

92 +9\) - 33 +120) - (-1 -7\) =0
S+36A—9—36A+1+7A=0 = A=0 = A=0
x=2+0, y=3+0, 2=-1-0

point of intersection (2, 3, —I)
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Question 9 continued

(Total for Question 9 is 10 marks)

TOTAL FOR PAPER IS 75 MARKS
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