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

(Candidate surname Other names )

Centre Number Candidate Number

Pearson Edexcel International Advanced Level
(Thursday 23 May 2024 )

Paper
reference

Morning (Time: 1 hour 30 minutes)

Mathematics

International Advanced Subsidiary/ Advanced Level
Further Pure Mathematics F1

. J

[ You must have: Total Marks |
Mathematical Formulae and Statistical Tables (Yellow), calculator

. S

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.

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.

® [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

©2024 Pearson Education Ltd. P 7 5 7 4 3 A 2 1 2 8

Pearson



r

1. (i) The matrix A is defined by
3k 4k -1
A =
2 6
where k is a constant.

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

Given that A is non-singular,

(b) determine A" in terms of k, giving your answer in simplest form.

(i1) The matrix B is defined by

where p and ¢ are integers.
State the value of p and the value of ¢ when B represents
(a) an enlargement about the origin with scale factor —2

(b) a reflection in the y—axis.

(2)

(2)

2

VANV SHINIZLWMIONOG

oet ()= (3r)(6) - (ax-1) (2)

18% - (8x-a)

"8k - Bk +2

10K +2

oex CA) =410k + &

Ser oet(Al=0 = 10k+23=0

10k = -
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Question 1 continued

B, p == mmmmmmm oo

D oa )

[ refiechen vy -azus )

S
&.3&\.%

- Qs
v bl

% a boin “a) and {2) undergo >

. vefiechon  acoss y -ass .

rewnte  motx bek
[ now reploce  Coordmates

/ \denhty modnx T

W s speuhc  order

-

Wi ey Wansfrmahang
|_' °_| New Mamx represents amnsomohen B O_I
Lo 1] :

8 [+ o]

(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.
fz)= 2 =132 + 59z + p pel

Given that z =3 is a root of the equation f(z) =0

(a) show that p =87

(2)
(b) Use algebra to determine the other roots of f(z) = 0, giving your answers in
simplest form.
C))
On an Argand diagram
» the root z =13 is represented by the point P
» the other roots of f(z) =0 are represented by the points O and R
* the number z = -9 is represented by the point S
(c) Show on a single Argand diagram the positions of P, O, R and S
1)
(d) Determine the perimeter of the quadrilateral POSR, giving your answer as a
simplified surd.
(2)

0 Swnce =3 \s avoot+, f(3)=0

£3): () -13(2)° ¢S + p = O
aF-NF +A\FF+p =0
8F+p=0
p=-8%

3 (A
2 Fof o  cuwoe  eq” wim formi 0X +lox + X + 0, there gre 3 rooks.

‘Tree _ofe 2 posubumes = 3 real roors

| 1 real root ana 2 complex voors (conjugate par)

(2-3)(a2%1b2+0C)
01> + b2 +C2 - 36:2°—3b2 + 3C

(@) 23+ (b-3a)2" + (C-3p)% + (30C)
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Question 2 continued

equere coefhioents Ao ()

M) =1

(2) b-3a:= -18

(3) c-3= SS9

@ 3c-p

@) b-3M:-13

b-3 =13

b~ -10

(3) C-3-549

C-3(-10)= 5S4
C+30 = g4
c- a9

quadfane fochor , 2°-10% +24

2%-102 *29-0

(2-S)-125+24-0

(3 -5y +4=0

(%' S\’L-—-q’

(2-5)= *tJ-#

z=5%8i

2=5St

im

3

J

P 7 5 7 4 3 A 0 5 2 8

5

Turn over »



r

Question 2 continued RS
Boe%e%

o. Hfna Weaw ,Weell, usen, WSKRN

NPal=luren A 13@h=Nskil

Distane between 2 powits
{(x,-x,)‘«-(y,-\/.)" b pomis  [%4) & (%,92)

Il p@N J(s—-s)z* (a-o)" - 242" T

P(2,0) Q(s.a) RI(s.-2) $(-49.0)

ParS = NPRN + QAN sall

Ison=Js—-0%a-of - 047

Q (s.3)

PQRS = Q(Qﬁ)-fa('loﬁ) (—q.o)&/ A;.D)
= 3442 \
\ R (S,‘a)

Pewmere PARS = Q4 AZ ynis

. .
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f(x) = ¥ —5Jx —4x+7 x>0
The equation f(x) =0 has a root a in the interval [0.25, 1]

(a) Use linear interpolation once on the interval [0.25, 1] to determine an approximation
to a, giving your answer to 3 decimal places.

The equation f(x) = 0 has another root f in the interval [1.5, 2.5]

(b) Determine f'(x)

(c) Hence, using x, = 1.75 as a first approximation to j, apply the Newton—Raphson

process once to f(x) to determine a secondrapproximation to /5, giving your answer
to 3 decimal places.

Lineac Interpolechon :

(&)

2

2

ol Gf(b) - bt (a) for wnjerval  [aup]

I f(b) - £(a)

Where o« 8 4ve (DOt

3 2:s
f(025)= (0-as) -S(6as) - 4(03S) +7F = ¢a

£l1): (D -sdW -a() +7= -1

X = 0as (1) - 14{loas)

£ (1) - $(oas)

x = 0asl(-1)- 1(%)

- (%)

64

A= 0-8339100346 |585)

X =0-834 [(2d-p.)
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Question 3 continued

b. #(x)=13 -8 - 4+ F

£(x) = &3_5:1:::_4_&; + 7

P03 -FC - 4

-z
f'(x)=3:x1'-%3. -4

C. X1’175

we. ofe 100 klﬂg for .

| Nuwericar  Sot”s of €g"s:

Newlon - Rnogson  wererion forsolumg  f{x)=0

Koe = Xn - £ (xn)

$'(xn)

From Newhn- Rhassw  werahon® Ko = Xy - @1%)

$tx)

“) musy  fwol - bg Subbing "N X1(1-75) wo  (x)

@) g Ana $(%Y) by  Oiffenhatng  $(x) ono  Suoong

o X, (138) o f'(x).

(1) £ (13s)= (175)*- s{(r#s) - 4M3s)+7 = 1255003378

wi-

s -
(2) ~F'(><)= 3511' RAX -4 — ue oars fom part (o).

$'(17s) = 3(1.;5)‘-5(1%)_% - 4 = 38076%%63S

X; = (13s) - 1855003428

3 2416%763s

B=2-131 (34dp.)

(Total for Question 3 is 7 marks)
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4. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
The complex number z is defined by
z=-3+4
(a) Determine |22 - 3|
3
50 . . o
(b) Express — in the form kz, where k is a positive integer.
z
50 3
(¢) Hence find the value of arg[—j
Z*
Give your answer in radians to 3 significant figures.
2
a. |2%-2]=] (140)* -3
| (a-gaie167)-3)
] 8- 241 1600 -3 |
=] -10-24i]
2 [10)+ [-24)°
B as
|2*-3]- a6
3¢
-2 \s e (omplex  copugae  Of  E.
fip S gn of imagmory  component
Z = -3-4i Mulhply +op ond boHom
— by complex (onjugar of enomiator
v > -
50 . 50  x -3+4i .  50[(-3+41)
2" —3- 44 -3+ 4 (-3 —41)(-3+4)
= — )50 + 200¢
9« 12i - 12i -16i"
s - 150 + 400
q - 16'|L
- 150 +00:
- 16(-1)
.
10
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Question 4 continued

= - |50 +200;
A5
- 150 + 800
25 as
= -6 B
—-6+8i= k2
-6+8i = k(-3+4i)
~6+8i = -3k + &k

k=3
s0
o} 0'3(3"‘)= a(‘g(-6+ 8") use  por (k)
Im

o ’

-648i 8
o i I ton” {'G'J

N - (_%.)
- " 0rg(®» = - ton |
e (
_ $ N “ ()= 2.214297436"
3 Re

at‘g( %) = Q.Q1c (3s%)

(Total for Question 4 is 8 marks)
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5. The equation 5x* —4x + 2 =0 has roots — and

p q
(a) Without solving the equation,

5
(1) show that pg = 5

(i1) determine the value of p + ¢

“4)
(b) Hence, without finding the values of p and ¢, determine a quadratic equation
with roots
4
and
pr+1 > +1
giving your answer in the form ax’ + bx + ¢ = 0 where a, b and ¢ are integers.
(5)
Qi. 3(,7-— (Sum of roois)o + (produtr of roots) = O
| | ! .
si-[Fr3)o (g2 g)-0
2 ptrgq -
1'4 ﬂ,)“*(ﬁVLO
Sx* -4x + 2=0
4 2
az,z - Xt g = o
Pty 4
Py © S
1.2
TS
2.z
Pe ° S
§ = aps
s
2 = PY
. - S
) %- a 7 Shoun
P+e 4
ii. pa S
P q,ﬁ Sub N pg, vl fom  part (ai)
-
a
A 1
£ £
P+rq- Ts;lx 21
Pra=2
J ’
12
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Question 5 continued

A
b. 2 - (Sum of roots)x + (

produtk of rooks) = O

: (P, _% P L)_
OC'(P"M"@‘H x+(r"+1x4'*i "o * Prg-=2
z plat )« ale+) Py s
- ( (g% 41 (g +) ) +( (& +1) (g ) )=O * Pq‘ =

X
2 [pa*+prafry
= ()= o

___fv ).
p"qt+(‘+1'+l -

2 (p+a) *(m‘*u")} (
x - ( (pa) r1+leegn) ) = *

N 2N I
lm‘u'lr'*-.‘)) -0

2 ( (P+4) + pa(a+0) ) (
U =\ Tpa)Prsslprar-aes /="

P4, )
(pa)+1+(pea)-205 ) = ©

o @ (e .

(3) |0

( (;)”+ 1 +(a)“—a(§)/

| (2P rs @i-a(g))

s x -a8x+10=0

¢
ST ol g coedhients

852 -882x + 10=0 a

23S, b= -&8 , =10

A

J
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6. (a) Prove by induction that for n € Z"
(1 ,»j" 12" -1)r
0 2 O 2}’1

where 7 1s a constant.

C))

S MM T |

The transformation represented by matrix M followed by the transformation represented
by matrix N is represented by the matrix B

a
(b) (1) Determine N in the form (
c

b
dj where a, b, ¢ and d are integers.

(i1)) Determine B

3
Hexagon S is transformed onto hexagon S’ by matrix B

(c) Given that the area of S” is 720 square units, determine the area of §
(2)

0. 1) Bos (ose: Prove twe for n: 1

1

s [1 v | |1 v
0 & 0 A&

jus: |1 @) = |1 v
o &g o a

LHS =RHS “ame  for n=1

2) Pssume twe  for nzk

[0 e ]ala @]

loa] [o 2|
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DO NOTWRITE IN-THIS AREA

'DONOTWRITEINTHISAREA =~

( )

Question 6 continued

(3) Prove e for nrkl:

’ﬁnmkmg oheod, Sub 10 N=K+4 o Pioof:

MS & whot we or e ) (2):

[ e\ @)
loa) |o a*

_4 v_k+1= |_4 r_lK |—4 v—|

02| loal |oal

L
Moke o notle SO we kaow

] ]
0 a o 2 | |0 4]

What  We 0@ WOYkag tounaras

— —k+l ——
MMA)* @%-0re) () + (@“-)r ()

0 2 (0) () + (aN)(o) (Y6) + (3*)()

>
-
u

_'l v—k+1= |—1 r+ A(a"—l)r_|

0 A& Lo ala")

k+i
|—4 Y—| =r_1 (a:"ll)v__l_l ©hwe for 02k

loa| | o 2

(4) Conclusion

o veuw s hue ot 0=k, dmen w \s Aue foC NKed, PS e resut N0y been  Shown do ke

due for N=1, en Mme  resut & 4ue for ol n.

bi U Port(a) - (eplace ¥==2 and n-4

[+ ][+ (ram)
0 2 Pl

lo

0 16

[4 -a]l .[1 -30
0 a] |o 16

A y

17
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Question 6 continued

ofder 2 B=NM

B:[1 -2|[4 o]

Lo Lo <]

B- Iﬂm +[-30)(0) ()oY + (-30) ls)_|

|£>)Lof) +8)(0) ()oY + musﬂ

B[4 -1

o %]

| get (®) | = ofea  Scale  foctor

o
=

e = @A) - (D)) !

B[4 -isq

lo %]

oot (B)= (4)(. - (-150)(8)

= 330

dex (@) = 320

Area S-F- = Jder(®) ] = 13as) = 320

prea of S x 220 = Area of &

oL x 220 = FARAO

320 . Q/

SR T TN

Area o2 S = Ya unis®

.
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4 h :
7. In this question use the standard results for summations. 32
(a) Show that for all positive integers n ?
(1217 +2r =3) = An’ + Br’ 9
oS
=1 3
where A and B are integers to be determined. "_2\
@ |3
. . o
(b) Hence determine the value of n for which o
3
D P> (207 4+ 2r = 3) =270 '
r=1 r=1
“4)
n
Q. 2 ('lar"+ 2r -3)
e l SPIF  SuMMahon
wio 3
n n n
- S+ Sar - 53
Y2 Y= fz) fatior 3 out
fose 12 I kw.& \ —
sz‘::mohm l &ox:n:\ ahon \' \,
n n N R
> 13 sz* 85r 3501 Summahons

vsl A& rsi

-
(]

2]

“ 1
8v = él‘n[m—l) {
]
I

- 1a[ S naniannn] « a[ fatow] -3 [n] ST® = Lninn)(2ne)

Vo= ‘l}nl (nn)*

*nlnn)@ne) + nloe) -3n  moomomooooooomo oo oo oo '

) foctor out n

n [&(nﬂ)(anu) + (pn) - 3] 4

“

N [a(an’+ 0+1) + N+ —3]

“

{\[4—01%- 6n+2 « n+\—3]

n ["mz + 4n]

"

40 w0

40°4 A0, A-4, Be7
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Question 7 continued

n
b, ST¢ts 0l
r:

20 2
LSy 1 (a0)* (2040)
s

n 2 n 2
S - S iar+ar -3) = a%0

r:) rsi

DONOTWRITEINTHISARER

\
lu_se, ans from
Part (a)

1";(iahn)z({:):m)2 - (4—n3+ E EETo)

/%/(A'ni)lZnﬂ)’ - 402" - 230

0 (ac+4n+1) - o> - - 320 \

)-Pac»or out N

2

n"'[‘mz+4n+l-4n—?]=?-?0 /

[an- 6] 220

40%- 6n-270:0
207 - 30" - 135 -0

(on  alernohvely Sole  Via mdden  Quadrohe

2n*-2n" - Rs-=0

Subshiule U:n” agun

I
!
2 |
(8018)(n*-a)- 0 | 2(n")"- 30"~ 185 0
: .
: \e¥ U=n
LY |
20 +1S=0 n-4:0 L 2u -2u-135:0
z_ |8 . '
n-:"3 n-a E(auus)[u-a):O
n: * E,E i n= 13 :
|
[}
]

(80 xs)(0*-a)=0,

(Total for Question 7 is 8 marks)
N J
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8. Prove by induction that for n € Z" 28
f(n)=7""+8"" ?
KIS
is divisible by 57 é\
() i
s - %8
(1) Bose Cose: check e  for n=1 f
SIS
(1)-1 20«1 o
): 7 + 8 \\\jﬁ;\
S
=A4(57) e— dwsmle oy 57 S
e for n= 1
(2) Pssume  4rue  fof  n=K
(?CK): ?k-i +82k+1
(3) Induchie  Siep, Prove twe for  nsk+1:
(kr)-1 &(k+D+)
Flex) = 7 + 8
k Ak+dr)
H ? + 8
7_k gzk*s
: +
Pl - @lky= (# 0+ 87%)- (304 6™)
@ ™) - (25 . 8™
- H ) 64 (877) - [#77) - ()
- 6(3"*t) +63(8")
- 6}—(?)3(-1 N (8).9“1‘] + 5'7‘(82,“1)
= 6 £x) + 53 (8%*)
flxket)- £(x)= 6€(x) + 57(8™™)
$(we)= 78K « SF (82" 1)
S FEm)  57(8%Y) L b s
- y, SRS
22
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Question 8 continued

(4) Concluson

oS veut s Aue for NEK; tmen v s e foc n=Kkr1. BS e resut Ny been  Shown do ke Aue for  n=A

_nen e fesutr \S 4ue fof ol n.

%wg'/'
.,w

19%%
$%%%
0% %%

v &Q\

XXX
2%

3

% $‘

OO0
500,

OO
Sootedodes
Patetoatetevo%e®
TSR]
2.4

%

e 07 5.

RRLS

55

.0
¥~
L3 0 X
O%Q X

<}
S

X
P
[l

Yata%e%
R X
\qtﬂg&
O 5
BB
SIS
Py & 1095

(Total for Question 8 is 6 marks)
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9. The rectangular hyperbola H has equation xy = ¢* where c is a positive constant.
The point P[ct, ;j , where ¢ > 0, lies on H

(a) Use calculus to show that an equation of the normal to H at P is
Px—ty=c(t'-1)
“4)
The parabola C has equation y* = 6x
The normal to H at the point with coordinates (8, 2) meets C at the point Q where y > 0

(b) Determine the exact coordinates of Q

“4)
Given that
 the point R is the focus of C
 the line / is the directrix of C
 the line through O and R meets / at the point S

(c) determine the exact length of OS
)

2
0. xy:=c
z z_ .
y= ="
oy 2z -1 —Cz
—=:-C X = —%
Ox ¢ ::(_t

Sulb In pont P(C't,t ):

g_vl AT
ax {Ct, {__ ) (Ce)t ctet t‘l-
M i
T2
songont *
. (A
Mooemat * £

z

Sk up e eq” Y- yi:m(x-x) W M* t
(X|/3|)= (ct,%)

Y- 54 (- )
¢

J- %

ty- ¢ = t3(x-ct)

£ty -c = £x - ce*

4 _ o3 3 - 4 _
h-oc=tPx-ty =D [tPx-ty= clt l),,smﬂ

NN KO0 T A arom
P 7 5 7 4 3 A 0 2 4 2 8
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Question 9 continued

b. (82) les on hyperbole, H.
: (e €)+(3.a)

e

t=8 >4

| C=at

Yy Juemn -2t

2txk:8

2t*-8

£ 0

g: tda =12

_ DONOTWRITEINTHISAREA

Howwe, & srates t> O L=+

Sub t:8 botk o emer ey’ to fina

C.

C= 4t

c=ald): &

C=4&,14t=3

Wo C=4t=8 intc  noma e eq”

2% - Ay - 43D

Bx-ay-=60

Solve 8x-Qy: 60 coot Y 6

imu i anesusly.

(1) 8x-ay-=60

() y>6x

M Bx-ay-60 \ =2

J
4x-y=30

y: 42-30

Sub Y: 4x-30
o (2)

J YA
(42-30) =6

162" - 240 x « 400 = &

16" - QUeoL + QDO =0

J
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Question 9 continued

(8x -#s)(2x -12) = O

flﬁzg of x:e

Yo o eltnel
(1) of (2 1o fnd Y-(oxd.

nioNod

M.
35

S

i

m

- = 60 -;iE,I‘\

8o - Ay 2\

4a-y=30 B

Yy 42-30 >\
:

38 is
z. u: 4(%)-30= 72

3C=—8-
x= 6, y: 4 [6) -30 = -6

(%.%) o (6<6)

L ® stores Y20

" MuSk  rgecr 8ol

3s s
alF %)
‘. Conics -
c. Y- 6x
2 3
y = 4 ( %) oc 0% é" z Ellipse Parabola Hyperbola 1}:;::;%‘;::"
x2 y2 xZ y2 cz
s ) Standard Form a_2+b_2=1 ¥ = dax a_z_b_zzl Xy = o
‘Fows R (E e Parametric (asect, btan6) c
1 2 4 f, — —
= Form (acos0, bsiné) (at?, 2at) (acosh®, Beintil) (c X )
direcmx bne ¢+ Xx=-7
.. 1 e>1
Eccentrici e e=1 =
¥ | a1 - &) B =a(e - 1) e=\2 o
(1) fna ne ea” bemeen @ ana R Foci (*ae, 0) (a,0) (*ae, 0) (*+2e, £420)
L a a o
Directrices x:i; x=-a x=i; x+y=i\/5c B
\S Y
: - - symptotes none none — =+= x=0,y=
Mae: 2 -~ © - a0 Asymptot 5 0,y=0
I _8 a1 o
2 2
) 20
Ser up e eg”  Y-yi=mlx-x) W M an
(Xuyl) : ( % , O )
a0
y-o0-:5% (a-%2)
.2, _ 10
s Y
. ) 855
26
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Question 9 continued
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